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Abstract

Background: Genetic testing and genetic risk information are gaining importance in personalized medicine and disease
prevention. However, progress in these fields does not reflect increased knowledge and awareness of genetic risk in the general
public.

Objective: Our aim isto develop and test the efficacy of a suite of serious games, developed for mobile and Web platforms, in
order to increase knowledge of basic genetic concepts and promote awareness of genetic risk management among lay people.

Methods: We developed anew ad-hoc game and modified an arcade game using mechanics suitable to explain genetic concepts.
In addition, we devel oped an adventure game where playersareimmersed in virtual scenariosand manage genetic risk information
to make health-related and interpersonal decisions and modulate their lifestyle. The pilot usability testing will be conducted with
a convenience sample of 30 adults who will be categorized into 3 groups and assigned to one game each. Participants will be
asked to report any positive or negative issues arising during the game. Subsequently, they will be asked to complete the Game
Experience Questionnaire. Finaly, a total of 60 teenagers and adults will be enrolled to assess knowledge transfer. Thirty
participants will be assigned to the experimental group and asked to play the serious games, and 30 participants will be assigned
to the control group and asked to read |eafl ets on the genetic concepts conveyed by the games. Participants of both groups will
fill out a questionnaire before and after the intervention to assess their topic-specific knowledge of genetics. Furthermore, both
groups will complete the self-efficacy questionnaire, which assesses the level of confidence in using genetic information.

Results:  We obtained evidence of game usability in 2017. The data will be submitted to a peer-reviewed journal and used to
improvethe game design. Knowledge-transfer testing will beginin 2018, and we expect to collect preliminary dataon thelearning
outcomes of serious games by December 2018.

Conclusions: It isimportant to educate the general public about the impact of genetics and genetic testing on disease prevention
and the consequent decision-making implications. Without such knowledge, individuals are more likely to make uninformed
decisions or handover all decisions regarding genetic testing to their doctors. Technological innovations such as serious games
might become a valid instrument to support public education and empowerment.

International Registered Report Identifier (IRRID): DERR1-10.2196/9288

(JMIR Res Protoc 2018;7(12):€189) doi:10.2196/resprot.9288
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Introduction

Background

Genetic tests identify changes in chromosomes, genes, or
proteins that may be related to an increased probability of
inheriting or developing a disorder or disease[1]. Over the last
20 years, genetic tests have gained importance in personalized
medicine and disease prevention and are usually prescribed by
physicians to healthy individuals who have afamily history of
disease or patients who may have a disease resulting from a
genetic mutation [2]. Since 2002 [3], people have been ableto
autonomously purchase genetic tests from the internet or local
private companies that sell direct-to-consumer (DTC) genetic
tests, which alows them to determine their genetic
predisposition to diseases. The increasing success of such
servicesindicates that people wish to obtain health information
on their own even when it is not strictly required by their
physicians or warranted by their family predisposition to certain
illnesses [4].

Proponents of the DTC genetic test servicesarguethat allowing
consumers to calculate their relative risk of developing certain
diseases may result in increased patient awareness, improved
compliance with health-screening practices, and abetter ability
to make hedthy lifestyle choices [5,6]. Despite these
expectations, available data on the effects of DTC genetic tests
on consumers are not encouraging. People face difficulties in
understanding genetic risk information and itsimplications for
health: On receiving their genetic results, patients sometimes
experience unnecessary anxiety and emaotional distress or make
decisions about their health based on incomplete information
that often results in increased health care costs [5-7]. Also, the
expected changes arerarely executed in the consumers' lifestyle
habits and usually restricted to the few weeks following the test
[8-11]. Thus, the increased use of genetic tests does not reflect
increased knowledge and awareness of genetic risk in the genera
public.

In the last few years, several attempts have been made to
improve genetic knowledge among the public through different
approaches such as the recent implementation of serious games
like Touching Triton [12], Geniverse [13], and DNA Roulette
[14]. Unfortunately, the current serious games on genetics are
mostly intended for trainees in biology courses and medical
practitioners (geneticists): They usetechnical language or focus
on certain aspects of genetics such as the probabilistic nature
of genomics and neglect the complexity of simplifying such
information for the general public. The serious game approach
is promising, as it represents a highly interactive medium that
supplements traditional educational modalities. However, thus
far, there are no available data on the effectiveness of existing
serious games in increasing people’s knowledge about genetic
concepts.

https://www.researchprotocols.org/2018/12/e189/

Primary Aim

This study aimed to evaluate the eff ectiveness of serious games
in terms of the learning outcomes in the fields of genetics and
genetic risk. In particular, we aimed to assess the learning impact
of a suite of mini-games on participants knowledge and
understanding of basic genetic concepts and to determine the
effect of an adventure game on participants’ skillsand perceived
self-efficacy with regard to genetic risk management.

Secondary Aim

The secondary aim was to evaluate game-flow parameters for
two mini-games and an adventure game.

Methods

Team and Target Population

Serious games were designed and developed by a
multidisciplinary team of psycho-oncologists, computer
scientists, and a science journalist. Through constructive
discussion among different professionalsin thefield of genetics,
accuracy and consistency of genetic contents such asadetailed
description of heredity mechanisms were ensured. Genetic
concepts were explained in a simple way and presented as
interesting facts for laypeople, as described previously [15,16].
The choi ce of thematic concepts and game scenarios was based
on the important cornerstones of genetics.

The target population comprised people interested in genetics,
high-school students, and people who require or need to decide
whether to undergo genetic counseling or a genetic test. The
developed serious games are suitable for people aged 16-65
years, during which primary prevention has a high impact on
the hedlth status. Therefore, we recruited participants aged 16-65
years to include teenagers who start to learn more complex
genetic principles (such as DNA structure, cell duplication,
mutations, and gene interaction) during their high school years
and older adults who are interested in playing games or still
accustomed to playing games [17]. The research protocol was
approved by the Institutional Review Board of the University
of Milan and the Centre for Research Ethics & Bioethics at
UppsalaUniversity (leader of Mind the Risk project). The study
was conducted according to the Helsinki Declaration.

Game Design and L earning and Educational Aspects
of Serious Games

The new generations are raised in a digital world and have a
natural attitude toward the digital language of computers, video
games, and the internet. Young people, in particular, spend a
significant amount of time playing computer games through
which, they usually experience a high level of motivation and
engagement. To them, traditional learning is an incredibly
boring, effort-intensive, complex task [18].

Toimprove lay peopl€’s attention, motivation, and engagement
in genetic concepts, challenging activities and clear educational
goals were embedded in our games to guarantee pleasure and
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“flow” (a situation of complete absorption or engagement
[19-21]), which are relevant dimensions for the efficacy of
serious games.

Learning can be viewed as both information acquisition and
knowledge construction (ie, the ability to use new knowledge).
Anindividual’s ability to act appropriately in a given situation
dependson hisor her knowledge and knowledge-transfer ability
in aparticular situation. In our study, the serious games aimed
to maximize genetic learning by presenting individuals with
genetic information and having them apply this information to
successfully proceed with the game.

Severa components of our games stimulate the learning process.
First, genetic concepts are introduced and explained in a
conversational manner by a virtual narrator (Figure 1) during
an initial interactive tutorial. The virtual narrator—SCI
(Scientist)—accompaniesthe player through the tutorial, during
which, the characters, el ements, and main rules of the game are
introduced and specific genetic mechanisms are discussed.
Thereafter, during the game sessions, information, hints, and
feedback are provided to prevent players from getting stuck
during the game (due to the lack of understanding) or to fix
some concepts explained in the tutorial. Immediately after
listening and interacting with the SCI, the player has to
overcome challenges, wherein he or she applies the basic
concepts of genetics. Thus, the player has the opportunity to
practice genetic concepts in the application to win the game.

When creating the game, we balanced the complexity of genetic
concepts, the game challenge, and the required cognitive load
by introducing different levels of difficulty, thereby alternating
moments of challenge and reflection and providing hintsthrough
the SCI. This approach provided the players sufficient time to
reflect and revisit the rules of the genetic mechanisms explained
in the tutorial.

To successfully proceed with the adventure game and maintain
the principal character in good health (see Game Description),
players need to apply their learnings from the game session to
each specific situation in the narration. Another important aspect
of the serious game design was the provision of clear immediate
feedback (audio and video) that reflected user performance. The
player interacts with the game on the basis of the new genetic
mechanisms he or she learned during the tutoria (testing) and
determines the result of this interaction through immediate
feedback (revision). The feedback guarantees the ability to
understand the results of the action taken during the play on.

https://www.researchprotocols.org/2018/12/e189/
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To create the serious game, we followed Piaget’'s Theory of
Cognitive Devel opment, with the principles of assimilation (the
player fits“new information” about geneticsinto existing slots
or categories he or she had before playing the game),
accommodation (the player accommodates “new information”
about geneticsthat does not fit into an existing slot or category),
and cognitive disequilibrium (presence of contradictory beliefs)
to support the learning process [22]. The challenges create a
cognitive disequilibrium (a situation where new information is
not immediately interpreted on the basis of existing categories),
without exceeding the capacity of the player to succeed. The
player tries to find a new equilibrium by modifying his or her
cognitive patterns and incorporating the newly acquired
knowledge.

Game Description

Two mini-games and an adventure game were developed for
this study.

For the mini-games, we used two different approaches. Thefirst
approach was the creation of ad-hoc serious games. We
implemented atwo-dimensional jump-and-run gameto convey
Mendel’slaws and incorporated genetic conceptsinto the game
mechanics. The second approach was a modification of the
mechanics of the arcade game Tetristo create alearning version
of an existing game in order to represent genetic mutations.
This approach may be familiar and appeal to most users, owing
to the popularity of this arcade game [19,20].

The mini-games were designed exclusively to transmit basic
genetic principles and improve general public literacy without
revealing the genetic risk. These games are based on asimplified
representation of mutations and Mendel’s laws. For example,
in the serious game Mutan-Tetris, the game field representsthe
events that could occur in a cell’s life and their eventua
consequences on the organism. In the serious game
Heredi-Rabbit, the game challenges are established by the
possible allelic combination following hereditary transmission.

For the adventure game, a narrative based on a dramatic curve
was employed. The narrative can increase pleasure and provide
background and motivation for the player to involve himself or
herself in the game [21].

The adventure game was conceived to spread awareness about
geneticrisk. The player managesthe genetic risk by identifying
with an avatar and modifying his or her behavior according to
his or her genetic predisposition.
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Figure 1. (a) An overview of basic genetic concepts (gene, aleles, genotype, and phenotype) is provided to the player before the game session. (b)

The player can practice with Mendel's laws.

All the developed games are currently available in Italian and
English languages. They were developed mainly for mobile and
Web platformsand will be availableto the public on the official
website of the Mind the Risk project (2019) during thelast year
of the project [23].

Heredi-Rabbit

The aim of this game is to explain concepts of heredity (the
process through which genetic traits are passed from parentsto
their offspring), with dominant and recessive genetic variants
(phenotype expression if the gene variant is present in at least
one copy versus gene variant expression if the gene variant is
present in both chromosomes; Mendel’s laws).

To help peoplewith no prior knowledgein thefield of genetics,
a short tutoria is available before the game session. In this
tutorial, several basic concepts of cells, chromosomes, genes,
phenotype, and dominant and recessive traits are explained by
thevirtual narrator using text and simple animated illustrations.
A brief introduction to the fundamental aspects of genetics
(Figure 1a) and an optional practice exercise for Mendel’s law
(Figure 1b) explains the core of the game to the player.

In this two-dimensional jump-and-run game, the player has to
make a rabbit mate with other rabbits in order to birth an
offspring with a specific genetic makeup (final goal of the game
session). The rabbit hops around, grabs carrots to gain energy,
avoids traps, and meets rabbits of the opposite sex (Figure 2a).
The player can choose to mate the rabbit with the incoming
rabbit based on their phenotypes, giving birth to an offspring

https://www.researchprotocols.org/2018/12/e189/
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(Figure 2b). In this phase of the game, the time alotted to the
player to make a choice is limited (imposed pace), which
maintains a high level of fun, engagement, and attention, since
the player has to remember and apply the previously learned
concepts quickly. As soon as the player makes a decision, the
gameis paused, the possible allelic combination and phenotype
of the offspring are shown, and the player hastimeto reflect on
Mendel’s laws (self-paced). After a brief pause, the game
resumes, and a new rabbit is randomly selected from the
offspring. The new-born rabbit that inherits the genetic makeup
as per Mendel’s laws becomes the new runner rabbit (Figure
2c). The speed of the running rabbits can be regulated to
optimize the time required to determine whether the incoming
rabbit is appropriate for that game session goal. The game ends
when the newborn running rabbit achieves the genotype goal
specified at the beginning of every session.

Mutan-Tetris

The goal of this game is to explain the following aspects of
mutations: definition of a mutation (an alteration of the
nucleotide sequence in the DNA), factors that contribute to
mutations (errors, mutagens, or environmental causes), fixable
and unfixable mutations, hereditary mutations, and theincrease
in mutation rate with age.

In a simple introduction, the fundamental aspects of cell
duplication (Figure 3a) and duplication errors (Figure 3b) are
explained by the virtual narrator using text and simple animated
and interactive illustrations.
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Figure 2. (a) The player controls the rabbit with the aim to grab carrots to gain energy and avoid traps; (b) The player can choose to mate the running
rabbit with other incoming rabbits based on their phenotypes, giving birth to an offspring; (c) The newborn rabbit inherits its genetic make-up according
to Mendel’s laws. When the targeted genetic make-up is achieved (goal ), the game ends.

Figure 3. (a) Thevirtual narrator provides an introduction to the fundamental aspects of cell duplication and duplication errors using simple animated
illustrations. (b) An interactive portion encourages the player to duplicate a predefined number of cells without duplicating cells containing errors.

In the tutorial, the player learns that some mutations are
fundamental because they provide genetic variability, which is
the basis for evolutionary changes over time. However, the
game focuses on harmful mutations, both somatic (any cell of
the organism except reproductive cells, not usually transmitted
to descendants) and germline (can be passed to the offspring
through reproductive cells), that may adversely affect the
function of a cell (mutations occurring in coding DNA). We
used afamous arcade game, Tetris, and modified its mechanics
by adding bricks with new shapes (Figure 4). In the classical
Tetrisversion, 7 different bricks exist, each with its own shape
and color. Bricksfall from the top of the screen and the player
has to rotate and shift them in the best way during the fall to
form full lines at the bottom and prevent |eaving empty spaces.
The amount of time allotted to identify the best position and
orientation of each brick is limited (imposed pace) in order to
maintain the challenge and engagement. Every time alinefills
up, it is erased, and the player gains points. In our version, the
Tetrisenvironment metaphorically representsacell environment,
bricks represent genetic material, and deleted rows represent
correct DNA reading. Anyonewho has played Tetrisisfamiliar
with the shape of the 7 bricks. In this game, we have introduced
3 new bricks that represent mutations, with different shapes, a
blinking-eye icon in the middle, and dark colors. These bricks
aimto warn the player of unexpected and unusual events. When
such bricks appear, the game is paused (self-paced) and the
narrator explains the origin of the “mutation” in detail. When
the player has understood the brick, the game is resumed. Two
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of the new bricks are more difficult to use for deleting lines,
but the player can till fit them in with other bricks and then
delete rows: These bricks represent mutations that can be
auto-fixed by our cells (Figure 4aand b). The third brick has a
geometry that does not fit in the existing lines without leaving
any space: The line cannot be completely deleted. Every time
one of these bricksisintroduced, one row of the Mutan-Tetris
becomes indestructible, reinforcing the message that not all
mutations can be fixed by our cells (Figure 4c). The game has
been parameterized with several levels of difficulty, which
modify the probability of appearance of the new “mutated”
bricks and allow the player to explore al the serious game
contents. If the player is unable to achieve the minimum score
required to trigger the appearance of the mutated pieces, the
player is informed that the level chosen is too difficult and is
recommended to retry the game at an easier level, following
which the game restarts. The game ends when no more lines
can befilled or deleted and there is no space for new bricksin
the playing field. The entire playing field filled with unfixed or
damaging mutations represents an incoming condition that could
affect “cell health.”

Adventure Game

Gene Adventure, the World of Tomorrow, isan adventure game,
wherein the player embodies ayoung adult named Eugene who
lives his everyday life after undergoing DTC genetic testing
(Figure 5a). The game takes place in a small city with severa
facilities (markets, restaurants, pubs, parks, etc). The dramatic
curve of Eugene’s story guidesthe player through several events
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and answers the “why” of the game, stimulating involvement
and motivation. During the game, Eugene learns about the
presence of some gene variants and his risk of developing
cardiovascular diseases (Figure 5b).

Unfortunately, he cannot manage this information. He is given
several chances to obtain clarifications about the implications
of the genetic result and its consequences on his health. The
player must help Eugene find the best way to manage his
cardiovascular risk by accomplishing several subtasks, making
health-related decisions (Figure 6), modulating his lifestyle,
and interacting with other characters.

Oliveri et a

The player is given three options for every choice throughout
the game session, which are incorporated into the avatar's
behaviors, and each option is assigned a score as follows: —1
for the unhealthy choice, O for the neutral choice, and +1 for
the healthy choice. The chosen option is simultaneously
translated into clear feedback as amodification of the color and
expression of a*“smileicon,” which represent Eugene's health
state and quality of life (Figure 7).

The three alternatives for each choice are formulated to reflect
either recurring behaviors (habits) or occasional behaviors
(occurrence) to show that some behaviors could be problematic
if repeated over time, and other behaviors are problematic even
they are occasional.

Figure 4. Mutant-Tetris. Classical Tetrisis modified using several new mutated bricks. The bricks represent the genetic material, and elimination of
alinerepresents correct DNA coding. (a, b) Thetwo fixable mutated bricksincrease the difficulty in deleting lines. (c) The mutated brick hasageometry

that does not alow line deletion.
SCORE: 40

SCORE: 40
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Figure 5. (a) Eugene is going to buy a direct-to-consumer genetic test online. (b) He receives the test results and discovers he is at high risk for

D

cardiovascular disease.

What your DNA says about you.

99%

Find aut things like if your body metabolize caffeine
quickly, or if you're at a higher risk for diabeted. The
more you know about your DNA, the more you know

about yourself.
s e ' .
Health risk Drug responses

Carrier status
Find out if your children are Understand your genetic  Arm your doctor with
atrisk for inherited health risks. Change information on how you
what you can, manage might respond to certain

conditions, 5o you can plan
forthe Nealm of your family. ot Loy cant. medicatlons.

https://www.researchprotocol s.org/2018/12/e189/

XSL-FO

RenderX

Diseases Risk:

JMIR Res Protoc 2018 | vol. 7 | iss. 12 €189 | p.9
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

In-Game Assessment of Knowledge Transfer and
L earning Progress

Play-based assessment is implemented through an algorithm
that allows usto record changesin the player’ s decision-making
ability and progress (how they accumulate points and experience
and face new issues) during the adventure game session. The
system tracks the players' choices, and the fina score is
converted into informative and evaluative feedback that is
presented to the player at the end of the game session. Based
on her or his performance, the player receives positive,
intermediate, or negative feedback on 4 aspects: nutrition (Figure
8), physical activity (Figure 9), risk behaviors, and stress
management and social interactions.

A composite description of the player's performance, its
implications for health, and a fina informative summary of
genetic risk management constitute the end of the educational
journey. Each game session for a first-time player should last
for approximately 30 min.

https://www.researchprotocols.org/2018/12/e189/
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Figure 6. The player can decide whether Eugene has to talk to his doctor about his genetic risk for cardiovascular disease.
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Substudy 1

Game Evaluation: Serious Game Usability and
Engagement

To assessthe usability of the game, we defined usability as“the
extent to which a product can be used by specified users to
achieve specified goals with effectiveness, efficiency and
satisfaction in a specified context of use” [24]. According to
the literature [25], usability testing isimportant for the serious
game, particularly those designed for heterogeneous populations,
including individual sthat may not be accustomed to interacting
with new technologies (i, “nongamers”).

Among all the procedures described in literature [26], two main
approaches assess usability: an observational analysis, in which
a user interacts with the system while the developers observe
and note every significant player-game interaction or player's
comment, and a survey-based analysis, in which the user fills
out evaluation questionnaires after the game session [27-29].
Although several scales have been developed (eg, the System
Usahility Scale[30] and the Questionnaire for User Interaction

IMIR Res Protoc 2018 | vol. 7 | iss. 12 [e189 | p.10
(page number not for citation purposes)


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

https://www.researchprotocol s.org/2018/12/e189/

XSL-FO

RenderX

JMIR RESEARCH PROTOCOLS Oliveri et a

Satisfaction [31]), there are no validated scalesto assessgames  self-report questionnaire—the Game Experience
usability thus far. Therefore, we decided to perform a mixed Questionnaire—to partially overcome the current limitations
method combining observational analysis of participantsanda  of both quantitative methods [32].

Figure 8. During the game, the player carefully chooses Eugene's diet to maintain correct nutrition habits.

IMIR Res Protoc 2018 | vol. 7 | iss. 12 [e189 | p.11
(page number not for citation purposes)


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

JMIR RESEARCH PROTOCOLS

Oliveri et a

Figure 9. During Gene Adventure, the player carefully manages Eugene's physical activity to maintain agood lifestyle.

The observational analysis will record participants’ reactions
during the game, with a particular focus on their comments and
emotional reaction (laugh, groan, frustration, doubts on how to
proceed, etc), to gain real-time information that may not be
captured by posttest surveys [33]. The observationa analysis
will provide information on the overall engagement of the
player: Deep engagement in serious games has been associated
with learning and students’ academic achievements [34,35].

Engagement refers to a holistic experience or mixture of
involvement and enjoyment; it isakey factor for serious games
and determinesthe effectiveness of learning. In previous studies,
several measures such as scales of immersion and presence[36],
flow [37], and engagement [38] have been applied for different
aspects of engagement in serious games. The most-appropriate
guestionnaire for our serious game is the Game Experience
Questionnaire[39] becauseit measures how playersfeel during
the game session. This questionnaire comprises 33 items and
assesses 7 core dimensions: immersion, flow, competence,
positive effect, negative effect, tension, and challenge. For each
item, participants state their personal experience on a 5-point
Likert scale (from O indicating not at al to 5 indicating
extremely).

Target Population and Recruitment

The pilot usability study will be conducted with a convenience
sample of 30 participants. All participants will be recruited by
e-mail through the students' institutional mailing list of the
University of Milan (Italy; Master Coursein Cognitive Science)
and viaauthors' acquaintances. Thee-mail invitation will entail
a brief description of the tasks, the medium amount of time
required, and the contact information of the experimenter. All
the experimental sessionswill be conducted in a quiet room at
the University of Milan in the presence of an experimenter.

https://www.researchprotocols.org/2018/12/e189/
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Considering the heterogeneity of potential users, wewill enroll
10 participants and categorize them into 2 groupsin each game:
one group of 5 “young” participants, aged 16-30 years (mgor
users, includes people who play games more frequently), and
another group of 5“middle-aged” participants, aged 31-65 years
(minor users of video games). It is important to assess the
usability of both age groups since the potential users of our
serious game are individuals of al ages.

Method and Procedures

Participants will be assigned to one of the three games and will
play the game individually. Before interacting with the game,
they will complete an informed consent form. Participants will
be briefly instructed about the game and prompted to play on
their own without any further direction or instruction. In
addition, they will be asked to speak loudly during the gamein
order to communicate their thoughts. At the end of the play
session, participants will report any issue, negative or positive,
that they encountered during the game and will be invited to
compl ete the Game Experience Questionnaire. The programmers
will dedicate time to address and fix the negative issues.

Data Analysis

All data on player usability collected from the observational
analysis will be examined using text analysis for qualitative
data, asreported previously [40]. The negativeissuesthat could
compromise the usability of the serious game will be classified
on the basis of the usability heuristics developed by Bertini et
al [41] (eg, consistency and mapping, ease of input, screen
readability and glancability, flexibility, efficiency of use, and
personalization) [42]. Nonparametric statistical analysis for
guantitative data will be applied to the Game Experience
Questionnaire, with group comparisons based on age and
technological expertise (gamers vs nongamers, computer and
mobile technology users vs nonusers). Statistical analysis will
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be conducted using the SPSS Software (version 22; IBM Corp,
Armonk, NY), with an alpha value of .05 set a priori for all
analyses.

Substudy 2

Game Evaluation: Knowledge-Transfer Test

We will assess participants' learning outcomes to verify the
effectiveness of serious games. Most studies evaluated the
effectiveness of serious games through the use of pre- and
posttest evaluations [43], whereas some studies used a control
group of individualswho received the target information through
other instructional techniques. We used both assessment
methods.

Target Population and Recruitment

To test whether the learning goals were achieved, 60 teenagers
and adults aged 16-65 years who volunteer to participate will
be enrolled: 30 participantswill be assigned to the experimental
group and 30 participants, to the control group. Both groups
will be age- and gender-matched. All participants will be
recruited from the general population by using the author’'s
e-maill and socia media contacts, posters emailed to all
University of Milan staff and students, and personal invitations
and snowball sampling. The invitation will contain a brief
description of the tasks, the median time required, and contact
information. All the experimental sessions will be conducted
inaquiet room at the University of Milan under the supervision
of an experimenter.

Materials and Procedures

Before starting the game session, participants will complete a
demographic questionnaire on age; gender; education level;
previous experience with computer, mobile, or tablet devices,
and habits of playing video games. Participants with no
experience with technological deviceswill be excluded.

Participants enrolled (experimental and control groups) will
complete the following steps. (1) knowledge-transfer pretest
guestionnaire, (2) self-efficacy pretest questionnaire, (3) serious
game-playing session or paper-based information reading, (4)
knowledge-transfer posttest, and (5) self-efficacy posttest.

First, an ad-hoc questionnaire will be used to assess genetic
topic-specific knowledge, with questions on Mendd'’s laws,
mutations, and genetic risk implications. The questionnaire
comprises multiple-choice questions or true or false questions
such as “From a pair of rabbits with Cc and cc genotype
respectively, what isthe proportion of their children's genotypes:
(A) three CC rabbits and one Cc (B) three Cc rabbits and one
(CC) two Cc rabhits and two cc (D) four rabbits cc” or “A
healthy lifestyle can prevent or lessen the negative consequences
of having genetic predispositionsto some diseases (True/False).”
Participants that correctly answer more than 80% of the
guestions in the pretest will be excluded from the study, dueto
the high base-rate literacy in genetics and genetic risk
information. Datawill be collected using the Lime Survey [44]
in asupervised setting in aquiet room at the University of Milan
under the supervision of an experimenter.

https://www.researchprotocols.org/2018/12/e189/
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Second, a questionnaire will be used to assess perceived
self-efficacy with regard to knowledge of genetics, defined as
confidence in one's ability to use genetic information. The
guestionnaire comprises 8 items, 5 of which are taken from the
Self-Efficacy Scalein Carrere et a [45] and include items such
as“l am able to understand information about how genes can
affect my health” and “1 am ableto explain to others how genes
affect one’s health.” In addition, we added one item to assess
the perceived knowledge on the interaction of lifestyle and
genetic makeup: “I have a good idea about how my own
behaviors might interact with my genetic makeup in affecting
my health.” These six items are to be answered on a 7-point
Likert scale. Further, we added two items to assess the
“task-gpecific” self-efficacy, that is, the self-efficacy participants
experienced in answering the knowledge-transfer questionnaire.
Self-efficacy is a precursor to the adoption of health-related
behaviors [46]. We included its assessment in this protocol,
becauseit isthe only measurable parameter to verify the efficacy
of seriousgamesin promoting changesin behaviorsin our study
(we are unable to directly verify participants changes in
health-related behaviors and decision-making abilities in the
light of the new knowledge). Due to the Dunning-Kruger effect
[47] (acognitive bias of illusory superiority), individuals with
low literacy in genetics may mistakenly deem
their confidence levels to be higher than their actual levels;
however, we will be able to match each participant’s expected
and real performance, as we will assess their effective
knowledge by using the knowledge-transfer questionnaire.

Third, participants will be allocated to the experimental group,
where they will play the serious games, or the control group,
wherethey will receive leafletswith the same information given
to the experimental group (traditional paper-based approach for
learning). Participants in the experimental group will play the
two mini-gamesfirst (Heredi-Rabbit and Mutan-Tetris) to start
from the basic concepts of genetics and proceed with Gene
Adventure, which introduces concepts of genetic risk. The
overal duration of the game session will be approximately 50
min. The control group will have approximately 50 min to read
the genetic information in the leaflets, which is provided by the
SCI inthe games. Some examples of the content are asfollows:
“Each gene has at |least two variants, called alleles. One allele
comes from the mother and the other allele comes from the
father” (Figure 1a) or “Some mutations have no effect; some
could be auto-fixed by the organism; others could provoke
illness, sometime serious (like cancer).” Asthe primary aim of
our study isto investigate the efficacy of the serious games, we
believe a media comparison is paramount to determine if
knowledge transfer depends on the type of tool used.

Fourth, at the end of the game session, the experimental group
and control group will be presented with the posttest
guestionnaire (with the same questions that were included in
the pretest questionnaire) to assess genetic topic-specific
knowledge. Significant differences between the test scoresin
both groups will indicate knowledge-transfer efficacy.
Furthermore, the delta of pre- and posttests between the two
groups will reveal differences in the efficacy of serious games
versus traditional paper-based information.
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First, participants from both groups will be asked to fill in the
self-efficacy questionnaire again. The differences between pre-
and posttest self-efficacy results will reflect the change in
confidence of each participant’s knowledge.

Data Analysis

For knowledge-transfer analysis, the Cohen d effect size will
be calculated. Statistical analysis will be conducted using the
SPSS Software (version 22; IBM Corp), with an apha value of
.05 set apriori for al analyses.

Results

In 2017, we collected evidence of game usability. Data have
been submitted to the 6th International Conference on Serious
Gamesand Applicationsfor Health by the Institute of Electrical
and Electronics Engineers 2018 [42] and used to improve game
design. Knowledge-transfer testing will begin in 2018, and we
expect to collect data on the learning outcomes of serious games
in December 2018.

Discussion

Overview

Since the launch of the Human Genome project in 1990, there
has been a need to improve genetic literacy among the general
public[48]. Overall, genetic literacy refersto the understanding
of basic biological mechanisms (eg, knowledge that DNA isan
informative molecule and determines our variation and
diversity); the personal and health implications of genetics; and
the interaction and interdependence of genes, the individual,
and the environment [49].

Unfortunately, even well-educated peoplelack an understanding
of these concepts [50,51]. Due to the increasing impact of
genetic testing [52] and the importance of decision making in
disease prevention, itiscrucial to educate people about genetics.
Without such knowledge, individuals are more likely to make
uninformed decisions or handover all decisions on genetic
testing to their doctors.

Technological innovations such as serious games might become
valid instruments to support public education and
empowerment [50,53-55] and prepare citizens for informed
personal and societal decision making in genetics.
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Our main endpoint will demonstrateif the use of serious games
increases people’'s knowledge about genetic mechanisms (eg,
prototypes for heredity and mutation) and multiple genetic,
behavioral, and environmental factorsthat contributeto therisk
of onset of complex diseases such as heart disease (prototype
first scenario in Gene Adventure).

We aim to develop an accessible and simple instrument by
representing genetic concepts in an appealing narrative that
respectsthe skills of the general population. With our prototype
of Gene Adventure, people can experience, in asimulated life,
the management of complex information such as genetic risk
and devel op adeeper understanding of geneticsfrom experience.
If thisstudy provesthe efficacy of serious games, the devel oped
serious game could be used in combination with other traditional
protocolsfor genetic counseling to spread awarenessfor decision
making in medical genetics.

Limitsand Future Proposal

This study is designed to test “learning” with reference to
information acquisition. The pre- and the posttest questionnaires
will measure the performance of correctly answering questions
based on new information acquired through the serious game.
Further, based on our protocol results, wewill test another aspect
of learning: the ability to apply newly acquired knowledge in
unknown situations by, for example, creating a new scenario
in which participants will be asked to make decisions about
their own health based on the genetic (risk) issues.

Although there are several other interesting and related themes
such as knowledge integration (the ability to integrate
infformation on a given subject derived from different
perspectivesin acoherent mental representation) [56], this study
isnot designed to investigate them. At present, our experimental
protocol is not sufficiently equipped to differentiate the
contribution of each serious game in creating the final mental
representation of genetic concepts. However, this study will
provide some evidence for this issue through differences
between the pre- and posttest performances, which will identify
the concepts that participants have understood well, and their
achievements during the Gene Adventure game, which will
indicate how the users apply their knowledge to increase or
decrease their character’s health.
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Abstract

Background: Besides the beneficial health effects of being active, running is associated with a risk of sustaining injuries.
Runners need to change their behavior to increase the use of effective measures and subsequently reduce the number of
running-related injuries.

Objective: The RunFitCheck intervention was devel oped according to an evidence- and practice-based approach to stimulate
injury-preventive behavior among novice runners. This paper describes the study design in detail.

Methods: A randomized controlled trial with afollow-up period of 5 monthswill be conducted. The participants will be novice
runners. At enrollment, participants will be asked to report injury-preventive measures they usually take during their running
activities. After completing the enrollment questionnaire, participantswill be randomized to intervention and control groups. The
intervention group will have access to the RunFitCheck intervention; the control group will perform their running activities as
usual. Participants will be asked to report retrospectively in detail what they have done regarding injury prevention during their
running activities at 1, 3, and 5 months after enrollment. Descriptive analyses will be conducted for different baseline variables
in the intervention and control group. Relative risks and 95% Cls will be used to analyze behavioral changes according to the
intention-to-treat principle.

Results. The project was funded in 2016 and enrollment was completed in 2017. Data analysis is currently under way and the
results are expected to be submitted for publication in 2019.

Conclusions:  To nullify the negative side effects of running, prevention of training errors is desirable. As the use of injury
prevention measuresisnot compulsory in running, abehavioral changeis necessary to increase the use of effectiveinjury-preventive
measures and to prevent running-related injuries.

Trial Registration: Netherlands Trial Register NTR6381; http://www.trialregister.nl/trialreg/admin/rctview.asp?T C=6381
(Archived by WebCite at http://www.webcitation.org/736Xjm5jv)

International Registered Report Identifier (IRRID): RR1-10.2196/9708

(JMIR Res Protoc 2018;7(12):€187) doi:10.2196/resprot.9708

KEYWORDS
behavior; injury; prevention; running

https://www.researchprotocols.org/2018/12/e187/ JMIR Res Protoc 2018 | vol. 7 | iss. 12 |€187 | p.18
(page number not for citation purposes)


mailto:e.kemler@veiligheid.nl
http://dx.doi.org/10.2196/resprot.9708
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR RESEARCH PROTOCOLS

Introduction

Running is one of the most popular ways to exercise in the
Netherlands, with 2.1 million people running on aregular basis
[1]. In addition to beneficial health effects of being active,
running is associated with a high risk of musculoskeletal
injuries. The incidence of running-related injuries (RRIs) is
reported to range from 3-59 injuries per 1000 exposure hours
[2-4], with most RRIs occurring in the knee, followed by the
calf, Achillestendon, and shin [5].

Risk factors for RRIs have been extensively investigated, but
evidence remains contradictory and inconclusive. A history of
injury inthe past 12 monthsisreported to be the main risk factor
for RRIs[6,7]. Especially, novice runners are at a high risk of
sustaining an RRI, while according to running experts, half of
the RRIs are related to training errors [3]. Consequently, these
injuries could be prevented since modifying the training load
should be easily realizable [8,9]. However, modifying one's
training load and inherently preventing training errors might be
easier said than done. A behavioral change among runners is
necessary to increase injury-preventive behavior and,
subsequently, the use of preventive measures. To our knowledge,
2 interventions aimed at runnersto promote preventive behavior
and reduce RRIs have been developed earlier [10,11].
Adriaensens et al [10] developed a tailored Web-based injury
prevention intervention: a website with informational videos
about the etiology and mechanisms of RRIs combined with
injury-preventive advice and a Web-based questionnaire that
allowed the website to provide tailored feedback based upon a
series of predefined questionsthat created apersonal risk profile
of the user. Short-term (3 months) effects of the intervention
(measured in recreational runners after avisit to the website of
30 minutes) were demonstrated on determinants and actual
performance of sports injury behavior. Hespanhol et al [11]
evaluated the effectiveness of adding Web-based tail ored advice
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Kemler & Gouttebarge

to general advice on the prevention of RRIs and determinants
as well as actual preventive behavior in Dutch trail runners.
Trail runnersin theintervention group received specific advice
tailored to their RRI status (no injury, no substantial RRI, or
substantial RRI). In that study, no effect was observed on
determinant and actual preventive behavior; however, RRIs
were prevented [11]. Tailored Web-based intervention can thus
be promising in promoting preventive behavior among runners
and even prevent RRIs. The intervention developed by
Adriaensens et a (Dutch Consumer Safety Institute) [10] was
effective, but the Web-based questionnaire for tail ored feedback
was time-consuming. Therefore, the Dutch Consumer Safety
Ingtitute developed the RunFitCheck intervention to stimulate
injury-preventive behavior among novice runners without the
associated time burden. The next step is to evaluate its effect
on injury-preventive behavior among novice runners. This paper
describes the study design in detail.

Methods

Objective and Hypothesis

The objective of the study isto eval uate the effectiveness of the
developed RunFitCheck intervention (in Dutch) to promote
injury-preventive behavior among novice runners. The
hypothesis in this study is that the developed intervention will
lead to 10% difference in favorable injury-preventive behavior
in the intervention group compared with the control group.

Study Design

The Consolidated Standards of Reporting Trials statement was
followed to describe the design of the study [8]. This statement
is a checklist intended to improve the quality of reports of
randomized controlled trials. A randomized controlled trial with
afollow-up period of 5 months will be conducted (Figure 1).
Thestudy isregistered inthe Dutch Trial Registry (Netherlands
Trial Register Number NTR6381).
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Figure 1. Flowchart of participants of the randomized prospective controlled trial.
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Ethics, Consent, and Per missions

The study protocol has been approved by the Medical Ethics
Review Committee of the Academic Medica Center
Amsterdam, the Netherlands (W16 _335# 16.417). Participants
willing to participate in the study will give their informed
consent prior to the start of the enrollment questionnaire. The
start screen of the enrollment questionnaire will be used to
obtain informed consent from the participants. This screen will
contain information about the study, use of the data gathered,
and rights of the participantsin this study. If participants agree
to participate in this study after they have read theinformation,
they will havetotick abox to give their informed consent. When
participants tick the informed consent box, they are able to
continue to the first question of the enrollment questionnaire.
The flowchart of the participantsis presented in Figure 1.
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Participants and Recruitment

The group of participants will consist of novice runners. The
inclusion criteriaare being aged 18 years and older, considering
oneself asabeginner, aslightly experienced runner, or arather
experienced runner, and having less than one year of running
experience when a runner considers oneself as an experienced
or very experienced runner. Participants do not have to be a
member of a running club. Participants will be recruited via
social media networks (Facebook, websites, Twitter, Linkedin,
and newsletters) of the participating organizations (Dutch
Consumer Safety Ingtitute, Runner’s World, and Royal Dutch
Running Association [RDRA]) and will be able to preregister
for the study in the 2 months prior to the start of the study.
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Sample Size and Allocation

In this study, the aim is to increase injury-preventive behavior
by 10% in the intervention group. In previous literature, 12.6%
increasein injury-preventive behavior (inthiscase, theinclusion
of awarm-up) was found during a 3-month intervention [10].
To achieve 80% power with a significance level of.05, the
sample size calculation reveal ed that 384 participants per study
group are needed in this study. Taking into account a response
rate of 85% and a dropout rate of 10% over the 5-month
follow-up period, atotal of 1000 participantswill be approached
in this study. Eligible participants will be simultaneously
allocated at random to the intervention or control group after
study commencement, using a computerized random number
generator (the Aselect function in Excel). No restrictions will
be imposed for the allocation; simple randomization will be
performed. All stepsin the randomization process will be done
by the principal researcher.

Intervention

The RunFitCheck intervention (in Dutch), is an intervention
developed according to an evidence-based (intervention
mapping) and practice-based (running experts) approach to
stimulate i njury-preventive behavior among novice runners (see
Multimedia Appendices 1, 2, and 3). The development of the
intervention was a collaboration with running experts and the
target group and is described in detail in Kemler, Valkenberg,
and Gouttebarge (in press).

A range of experts was consulted in the development of this
intervention: a sports physician who is head of the medical
commission of the RDRA and related to the RDRA as a sports
physician since 1977; a sports physiotherapist specialized in
running since 1992; 2 running coaches, of whom 1 isafulltime
running coach since 2002 and coach of both successful Dutch
top athletes and recreational athletes, and a second coach who
has over 40 years of running experience, was a top athlete
himself, coaches recreational athletes, and has worked for the
RDRA for 20 years; and a researcher specialized in sports
injuries who performed the running-related literature review
that laid the foundations for this study. These experts were
consulted and their feedback combined with literature on the
use of running apps (Romeyn, Kemler and Huisstede, in press).
Through the consultation and research process, 2 main
dimensionsintherisk for RRIs, namely the physical |oad-taking
capacity of runners and motivation of runners to achieve their
running goals, wereidentified. Acrossthese 2 domains, runners
can be classified in 4 categories: (1) alow physical load-taking
capacity and a low goal-orientation, (2) a low physical
load-taking capacity and a high goal-orientation, (3) a high
physical load-taking capacity and a low goal-orientation, and
(4) a high physical load-taking capacity and a high
goal-orientation. In order to classify runners within 1 of the 4
categories, they will answer 6 questions (Multimedia Appendix
4). Depending on their answers and related classification,
runners will directly receive tailored advice on the website for
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achieving an optimal running practice. Examples of advice will
berelated to strength exercises, running technique improvement,
and use of a training schedule. Advice about a warm-up will
also be given. After receiving the tailored advice, runners can
leavetheir email address on the website so that they will receive
atailored running schedule and a strength exercise schedule
every week. The RunFitCheck intervention will be made
avalable to the participants within the intervention group.
Substantial efforts have been made to develop an intervention
that provides practical injury prevention advice.

Running as Usual

The participantsin the control group will perform their running
activitiesasusual. The RunFitCheck websiteis not secured with
alog-in code for the intervention group as the research team
wantsto avoid any additional barriersfor participantsto usethe
intervention. Participants in the control group will be able to
visit and use the website alongside those in the intervention
group; however, they will not be actively encouraged to do so
during the study period. In order to determine whether control
group participants accessed RunFitCheck, data from control
group participants pertaining to websites they visit during the
study period will be collected. Control group participants who
have visited RunFitCheck will be excluded from the analyses.

I njury-Preventive Behavior

As the intervention developed by Adriaensens et a (Dutch
Consumer Safety Institute) [10] was effective in promoting
injury-preventive behavior but wastime-consuming, the research
team wanted to develop an intervention to stimulate
injury-preventive behavior among novice runners without the
associated time burden. In this study, injury-preventive behavior
is defined as follows: (1) using a (personalized) training
schedule: use of a training schedule that fits the physical
condition of the athlete and represents a realistic running goal
was proposed by running experts as an important factor in
preventing running injuries; (2) performing strength and
technique exercises [12] to improve the amount of force that
can be exerted on the body while running; and (3) performing
an active warm-up prior to running [13]. Each of these
injury-preventive behaviors is divided into preparatory acts,
such as searching for information about strength exercises and
structural injury-preventive measures like performing strength
exercises. All injury-preventive behaviors are assessed through
single questions (yes, no, or not applicable).

Procedures

Upon enrollment, participants will be asked to report the
injury-preventive measures they usually take before or during
their  running  activities.  Participants  demographic
characteristics, including their contact email address, sex, age,
running experience, running motivation, physical fitness, current
injuries and physica complaints, and injury-preventive
measures, will also be collected upon enroliment via a
Web-based enrollment questionnaire (Table 1).
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Research topics

Enrollment questionnaire At 1 month after enrollment

At 3 monthsafter enrollment At 5 months after enrollment

Age Present N/A2
Sex Present N/A
Sports participation other than  Present Absent
running

Running motivation Present Absent
Running experience (in Present Absent
months or years)

Level of running (novice, Present Absent
seminovice, experienced, etc)

Running frequency per week  Present Present
Physical fitness Present Present
Risk perception Present Present
Injury-preventive behavior Present Present
Running-related injuries Present Present
Physical complaints Present Present

N/A N/A

N/A N/A

Absent Absent
Absent Absent
Absent Absent
Absent Absent
Present Present
Present Present
Present Present
Present Present
Present Present
Present Present

8N/A: not applicable.

All personal information and contact information from the
participants will be handled by the principal researcher. This
researcher will export the data from SurveyMonkey and store
it in a password-protected drive. Participant names will be
replaced with numbers and stored as reidentifiable data. The
data with participant numbers will be utilized in the statistical
analyses. Upon the conclusion of the data collection period, the
guestionnaire and associated responses will be deleted from
SurveyMonkey.

Questionnaires will be administered at study commencement
and at 1, 3, and 5 months post-commencement. In these
follow-up questionnaires, participants will be asked to
retrospectively report in detail what they have done in the past
month(s) regarding injury prevention during their running
activities and will be asked questions about their current
injury-preventive behavior, running activities, and running
injuries during running activities. The injury definition utilized
inthisstudy is*any physical complaint arising during arunning
activity that does not alow the participant to complete the
activity or affects their ability to participate in future running
activity” [14-17].

At 4 time points, a Web-based questionnaire will be sent by
email to participants by the principal researcher, using the
Web-based questionnaire system SurveyMonkey. When
participants fail to complete a questionnaire, reminder
notifications will be sent via email by the principal researcher
using the Web-based questionnaire system SurveyMonkey 7
days after a questionnaire is due. A second reminder will be
sent after 2 weeks.

The evaluation of the effectiveness of RunFitCheck will not
take place in an experimental setting. Participants in the
intervention group will be given access to the intervention, but
no further conditions will be applied to the use of the
intervention. In the questionnaires at 1, 3, and 5 months, the
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intervention group will be asked about their use of the
intervention, attractiveness of the intervention, behaviora
actions they take after being exposed to the intervention, their
intention to use this intervention again, and how they would
want to be informed about this intervention. If participants
indicate they do not use the intervention, they will be asked to
give detailed information about why they do not use the
intervention.

Statistical Analysis

Descriptive analyses (mean [SD], frequency, and range) will
be conducted for the different baseline variables in both study
groups. To evaluate the success of the randomization, baseline
variables will be analyzed for differences between the
intervention and control group (chi-square test, independent t
test, and Mann-Whitney test).

Relative risks (RRs) and a 95% CI will be used to analyze
behavioral change according to the intention-to-treat analyses:
(1) using a (personalized) training schedule, (2) performing
strength and technique exercises, (3) performing a warm-up.
Participants who do not execute a certain injury-preventive
measure at study commencement will be selected for analysis,
since among these participants, most behavioral change can be
expected. If there are any differences in descriptive
characteristics at baseline (eg, differencesin sex, age, or running
experience), subanalyses for sex, different age categories, etc
will be performed.

Results

The project was funded in 2016 and enrollment was completed
in 2017. Data analysis is currently under way and the results
are expected to be submitted for publication in 2019.
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Discussion

Principal Findings

This article describes the design of a randomized controlled
trial evaluating the effectiveness of an intervention on
injury-preventive behavior in novicerunners. Thereare 3 major
challenges in this study that can be acknowledged: (1) the
recruitment of participants, (2) their adherence to this study,
and (3) the measurement of injury-preventive behavior.

Recruitment of Participants

For the study results to be meaningful, 1000 novice runners
need to be enrolled. To enhance enrollment and the possibility
to preregister for the study, several strategieswill be used, such
as social media (Facebook, Linkedin, and Twitter), newsletters
from the RDRA (digital), and the magazine Runner’s World
(in print and digital). Preregistration will be possible by filling
in a Web-based form on the website of the Dutch Consumer
Safety Institute. Preregistration for the study will be advertised
on Facebook and Twitter.

Social media has been previoudly utilized by the research team
to recruit runnerswith close to 1000 participants recruited within
2 weeks. Respondents were recruited via social media, such as
Facebook and Twitter, and they were invited to give their
opinion on running, running injuries, and injury prevention. As
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the research team recruited nearly 1000 runnerswithin 2 weeks,
they are confident that they will achieve 1000 participants in
this study with similar recruitment strategies.

Adherenceto the Study

To provide anincentive to completeall components of the study,
enrolled participants who complete all questionnaires will be
entered into a draw to win a €200 gift voucher for running
clothes. Thisstrategy might enhance the respondents’ adherence
to the study. The gift voucher for running clothes will be a gift
from RDRA. RDRA supports the RunFitCheck intervention
but is not otherwise related to this study.

I njury-Preventive Behavior

As the intervention developed by Adriaensens et a (Dutch
Consumer Safety Institute) [10] was effective in promoting
injury-preventive behavior but time-consuming, the Dutch
Consumer Safety Institute wants to develop an intervention to
stimulate injury-preventive behavior among novice runners
without the associated time burden. Therefore, injury-preventive
behavior asa primary outcomein our study instead of the more
traditional RRIs was chosen. It is well known that people find
it difficult to change health-related behavior. Sustaining lasting
change in health-related behavior is a detailed and lengthy
process [18]. Our study assesses a small part of this process,
focusing on a 10% change in injury-preventive behavior as an
indication that the intervention is efficacious.
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Multimedia Appendix 1
M easuring goal-orientation of runners.
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Multimedia Appendix 2

Classification of the physical load-taking capacity of runners and their motivation with regard to achieving their running goals.
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Multimedia Appendix 3
Advice for strength exercises.
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Multimedia Appendix 4
Short questionnaire to classify runners.
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RDRA: Royal Dutch Running Association
RR: relative risks
RRI: running-related injuries
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Abstract

Background: Telemedicine has been successfully used to provide inflammatory bowel disease (IBD) patients with health care
services remotely viathe implementation of information and communications technol ogy, which uses safe and feasible apps that
have been well accepted by patients in remission. However, the design of telemedicine apps in this setting involves difficulties
that hinder the adherence of patients to the follow-up plans and the efficacy of these systems to improve disease activity and
quality of life.

Objective: This study aimed to evaluate the development of a Web platform, Telemonitoring of Crohn Disease and Ulcerative
Calitis (TECCU), for remote monitoring of patients with complex IBD and the design of aclinical trial involving IBD patients
who received standard care (G_Contral), nurse-assisted telephone care (G_NT), or care based on distance monitoring (G_TECCU).

Methods: We describe the devel opment of aremote monitoring system and the difficulties encountered in designing the platform.
A 3-arm randomized controlled trial was designed to evaluate the effectiveness of this Web platform in disease management
compared with G_NT and G_Control.

Results. According to the schedules established for the medical treatment initiated (corticosteroids, immunosuppressants, or
biological agents), atotal of 63 patients (21 patients from each group) answered periodic questionnaires regarding disease activity,
quality of life, therapeutic adherence, adverse effects, satisfaction, work productivity, and socia activities. Blood and stool
analyses (fecal calprotectin) were performed periodically. On the basis of the results of these testsin G_TECCU, aerts were
generated in a Web platform with adapted action plans, including changes in medication and frequency of follow-up. The main
issues found were the development of an easy-to-use Web platform, the selection of validated clinical scores and objective
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biomarkers for remote monitoring, and the design of aclinical trial to compare the 3 main follow-up methods evaluated to date
inIBD.

Conclusions: The development of a Web-based remote management program for safe and adequate control of IBD proved
challenging. The results of this clinical trial will advance knowledge regarding the effectiveness of TECCU Web platform for
improvement of disease activity, quality of life, and use of health care resourcesin complex IBD patients.

Trial Registration: ClinicalTrials.gov NCT02943538; https://clinicaltrial s.gov/ct2/show/NCT02943538 (Archived by WebCite
at http://www.webcitation.org/6y4DQdmt8)

International Registered Report Identifier (IRRID): RR1-10.2196/9639

(JMIR Res Protoc 2018;7(12):€190) doi:10.2196/resprot.9639

KEYWORDS

inflammatory bowel disease; Crohn disease; ulcerative colitis; information technology; eHealth; telemedicine

Introduction

Background

Inflammatory bowel disease (IBD) comprises ulcerative colitis
(UC) and Crohn disease (CD). The incidence of IBD is
increasing gradually [1], and the prevalence of IBD in Spainis
now 1 per 400 inhabitants [2]. Due to its chronic nature, IBD
is associated with high levels of school and work disability,
interference with social activities, and impairment of quality of
life[3-6]. For thesereasons, IBD generatesasignificant medical,
social, and financial impact. Therefore, patientswith IBD must
undergo continuous and individualized monitoring to prevent
structural damage and complications in the medium and long
terms.

Changesin information and communications technology (ICT)
over thelast 10 years have affected the management of chronic
diseases. Telemedicine is an ICT application that provides
remote health care services, that is, without the need for direct
contact with the patient. It has been associated with a high
degree of satisfaction in patients with chronic diseases such as
chronic obstructive pulmonary disease, diabetes mellitus, and
congestive heart disease [7-9].

Telemedicine apps have been used to improve adherence to
treatment and patient education in IBD (teletraining) [10].
Several studies have shown these apps to be feasible and
acceptable for patients with IBD, and the level of satisfaction
with them is at least comparable with that of patients who
receive standard face-to-face care [11-14]. In addition to
teletraining systems, Web-based apps have been developed to
provide educational support to patients, thus potentially giving
them increased independence for starting or maintaining
treatment during a flare-up and for acquiring knowledge about
the disease. However, these findings have not been consistent
across different populations [15,16].

Current evidence suggests that the use of ICT is a safe way of
monitoring patients with IBD, mainly UC in remission or with
mild activity [14,16-18]. However, in some studies carried out
to date, telemedicine apps require homeinstallation and eventual
repairs[14] with differencesin reproducibility according to the
population in which they are applied [16]. These hindrances
interfere with the patients' adherence to follow-up plans and
the efficacy of these systems to improve disease activity and

http://www.researchprotocols.org/2018/12/€190/

quality of life. Moreover, it remains necessary to perform studies
to confirm these findingsin patients with more complex disease
who require treatment with immunosuppressive or biologic
drugs and to analyze the impact of telemedicine on the cost of
care.

Study Objective

Therefore, this study addresses the main questions related with
the use of a Web telemonitoring program in patients with
complex IBD, adifficult context in which telemedicine has not
been previously used and requires a closer follow-up. We
describe the development of the remote monitoring platform
Telemonitorizacion de la Enfermedad de Crohn y Colitis
Ulcerosa(Telemonitoring of Crohn Disease and Ulcerative
Colitis, TECCU) and the clinical trial protocol for evaluation
of theintervention compared with nurse-assisted tel ephone care
(G_NT) and standard care (G_Control). Moreover, we detail
the selection of indices and questionnaires used to measure the
study outcomes, the patient popul ation, and the difficultiesfound
in the design and implementation of the trial, with the aim of
helping other investigatorsin the devel opment of telemonitoring
interventionsin the setting of complex IBD.

Methods

Study Design

We developed a Web-based telemanagement
system—TECCU—for patientswith complex IBD. To evaluate
the effectiveness of the Web app for control of disease activity,
we designed a randomized controlled clinical trial comparing
follow-up of patients through the Web-based app (G_TECCU)
with G_NT and G_Control. Eligible patients were randomized
to 1 of the 3 groupsin a 1:1:1 ratio using a Web-based tool to
generate the random all ocation sequence and ensure allocation
concealment. All patients attended study visits at baseline and
at 12 and 24 weeks, in addition to routinevisitsto the IBD clinic
or telephone consultations based on group assignment at
randomization (Figure 1). Disease activity, hedth-related quality
of life (HRQOL), adverse effects, adherence, and use of health
care resources were measured at baseline and during the
24-week follow-up. In CD patients, disease activity was
measured with the Harvey-Bradshaw index (HBI), and in UC
patients, it was measured with the simpleclinical colitisactivity
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index (SCCAI, also known as the Walmsley index) for remote
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checkups and the 9-point Mayo score for face-to-face visits.

Figurel. Flowchart of study participants. IBD: inflammatory bowel disease; G_Control: standard care; G_NT: nurse-assisted telephone care; G_TECCU:

care based on distance monitoring.
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Patient Selection

Patientswererecruited fromthe IBD unit, LaFe University and
Polytechnic Hospital (tertiary referral center), Valencia, Spain.
The reference population was 320,000 inhabitants in 2016,
although the IBD unit was available to patients from the whole
Autonomous Community of Valencia. Thus, the potential
population comprised 640,000 inhabitants. The hospital serves
more than 1500 patients with IBD (over 400 of them treated
with biological agents), has2 specialist IBD nurses, and provides
an email and telephone consultation structure for IBD patients
to contact the hospital.

http://www.researchprotocols.org/2018/12/€190/

The study participants had been diagnosed with IBD at least 6
months previoudly according to internationally accepted criteria
[19,20] and had to meet all thefollowing inclusion criteria: age
>18years, CD or UC with moderate or severe activity/initiation
of therapy with immunosuppressive or biological agents, and
written informed consent to participate in the study. Patients
were excluded if they met any of the following criteria: inability
to speak or read Spanish; suspicion that monitoring will not be
completed (outpatients); inability to manage a mobile
phoneftablet or internet or not having a telephone line;
uncontrolled medical or psychiatric disease, pregnancy, active
perianal disease, presence of ileorectal or ilea pouch-anal
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anastomosis; receipt of definitive ileostomy; and participation
in another experimental study during patient enrollment.

To evaluate differencesin the percentage of patientsin remission
and changes in the score of activity indices between the 3
groups, we calculated that a sample size of 60 patients (30 CD
patients and 30 UC patients) was necessary. During the study
period, patients wereincluded consecutively from the outpatient
clinic of the IBD unit or the gastroenterol ogy department if they
had been admitted for aflare-up. A total of 68 IBD patientswho
met selection criteria were invited to participate in the study.
Of these, 4% (3/68) declined to participate owing to
inaccessibility to the internet at home and 3% (2/68) did not
meet the inclusion criteria. The remaining 63 eligible patients
provided their informed consent and were randomly assigned
toG_TECCU, G_NT, and G_control (21 patientsin each group).
All patients enrolled were included in a likelihood-based
analysis.

Recruitment and Random Assignment

Patients were included consecutively from the outpatient clinic
of the IBD unit or the gastroenterology department if they had
been admitted for a flare-up of IBD. During the visit, the
inclusion and exclusion criteria were verified and the patient
was informed about the study through the patient information
sheet. If the patient agreed to participate, he or she signed the
informed consent document. Patients were assigned to the
different groups using a secure and i ndependent randomi zation
tool. Once a number was assigned, it could not be reassigned.

Eligible patients were assigned to the groups through acomputer
platform that ensured that the researchers could not modify a
patient's group. This process was performed using a block
randomization method between the groups (1:1:1) with
conceal ed alocation of participants. The blockswere numbered
and ordered using a randomly generated sequence. Members
of the research team who were in contact with patients did not
have access to the randomization tables or lists.

Interventions

Types of I nterventions
Thetrial had 3 armswith 3 different interventions (Figure 1):

1. G_control: Patientsin the control group received the usual
care provided in the IBD unit (outpatient clinic) to patients
with moderately to highly complex IBD. We also provided
on paper al educational material about IBD available for
the remote monitoring patients as well as information on
prevention and written action plans in case of flare-up to
make the 3 groups more comparable. Moreover, the clinical
status of patients was recorded weekly during the first 12
weeks and subsequently every 2 weeks until the end of the
follow-up in a diary designed on paper. This care was
complemented by ad hoc hospital care in the case of
flare-ups or if patients' health deteriorated for any reason.
Ad hoc intensive care was maintained until patients
condition stabilized, at which point he or she returned to
follow-up based on standard care in the unit. The
intervention was limited to recording of baseline variables,
follow-up for identification of end points, and
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administration of activity indices and questionnaires on
HRQOL, satisfaction, and work productivity.

2.  G_NT: Patientsin this group were asked about their health
through atelephone call from nursing staff in the IBD unit,
and we provided these patientswith all educational elements
and action plans available in the other 2 groups. Telephone
assessment was performed periodically using structured
interviews to evaluate clinical status with intensified
schedules, inasimilar manner tothe G_control. The actions
carried out depended on the results of theinterview and the
intervention protocol.

3. G_TECCU: Follow-up and monitoring in this group were
performed telematically using the integrated platform for
management of chronic patients NOMHA Dchronic, which
was set up to meet the specific needs of IBD patients.
Patients connected to the platform viathe internet using a
computer or an app on amobile phone or tablet and had to
complete questionnaires (both scheduled questionnaires
and those requested by the patient at other time points) and
introduce relevant follow-up data (eg, vital signs and
analytical data). They also received advice, reminders,
educational material about their disease, and information
on prevention. Case managers received the information
from each patient, which was filtered using an intelligent
prioritization system and generation of aerts and push
notifications according to an integrated intervention
protocol. Physicians from the IBD unit were aso able to
accessindividual patients’ data and received referral s about
alerts and push notifications that had to be managed by
medical staff.

NOMHADchronic Platform

The NOMHADchronic platform isan innovative technol ogical
system that was designed to boost the rollout of servicesfor the
management of chronically ill patients. The platform coversthe
needs of patients, professional's, and the organi zation managing
the care process and coordinates the work of the professionals
involved. This efficiency-based multiplatform system provides
a flexible, integrated solution that can be adapted to provide
various services. Artificial intelligence enables it to provide
support for decision making. It was developed following the
Health Level 7 (HL7) version 3 standard, thus enabling its easy
integration with the electronic clinical history. It can be set up
in such a way that plans and thresholds can be personalized
according to each patient’s profile. The system also makes it
possible to create combined alerts using several variables, thus
facilitating aholistic approach to the patient and not only to the
specific diseases diagnosed.

This program was initially designed to manage patients with
other chronic diseases such as cardiovascular diseases or
diabetes mellitus. The telemanagement care system was
developed in collaboration with La Fe telemedicine unit,
Tecnologia Salud y Bienestar SA, and patients from our IBD
unit. With the aim of adapting the platform to the particular
needs of complex IBD patients, we performed consecutive
meetings with patients and researchers to modify the original
modules of NOMHADchronic. We changed the elements of the
platform to monitor disease activity and other clinical outcomes
with specific indices, the norma values, and parameters
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recorded in the blood tests and fecal calprotectin aswell asthe
follow-up schedule according to clinical guidelines in the
management of IBD patients. Moreover, we incorporated
educational elementsto improve disease knowledge of patients
and empowerment through interactive materials.

NOMHADchronic comprises NOMHADcore (the nucleus of
the platform), the workstation (for health professionals), the
response center (case managers), and the patient station (on the
Web platform, tablet, or mobile phone). The solution involves
various modules to cover all aspects of management of

Aguaset d

chronically ill patients: clinical information relativeto patients
status, support for coordination of the different health care
providers, logistics management, human resources management,
and integration with monitoring devices and accessories (Figure
2). Thetool concentrates on 4 main functional areas: innovative
education, multimodal care communication, monitoring, and
personal clinical history.

Researchers designed the follow-up protocol according to
national and European guidelines[19-21] and set up the platform
to include the components described in Textbox 1.

Figure 2. Telemonitoring system for patients with complex inflammatory bowel disease. TECCU: Telemonitoring of Crohn Disease and Ulcerative

Calitis.
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Textbox 1. Components of the devel opment of the telemonitoring of Crohn disease and ulcerative colitis (TECCU) platform.

Components of the development of the telemonitoring of Crohn disease and ulcerative colitis (TECCU) platform:

«  Detailed monitoring plan
«  Déefinition of the main indicators and alarms
«  Specificinterventions for the patient

«  Specificinterventions for health professionals

«  Configuration of the user environment in the health professiona’s app

«  Configuration of the user environment in the patient’s app
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Figure 3. Follow-up timeline for G_TECCU receiving treatment with immunosuppressants or biologic agents.
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Follow-Up Schedule

Irrespective of the study arm, the patients included followed a
periodic monitoring program adapted to the type of medication
they were taking (corticosteroids, immunosuppressantsor
biologics). In the case of combined treatment with
immunosuppressants and biol ogics, the follow-up program was
similar to that of patientswho were taking immunosuppressants
alone. Furthermore, patients from the 3 armswho took the same
type of drug underwent identical monitoring, which was
performed aong a time line for patients treated with
immunosuppressive drugs and another for patientstreated with
biologics (Figure 3). The differencelay in the fact that patients
from G_TECCU were monitored via the NOMHADchronic
system, G_NT via a telephone line managed by nursing staff
from the IBD unit, and G_control with the usual face-to-face
visits. Irrespective of the group assigned and treatment
prescribed, all patients had to visit the IBD unit at baseline, 12
weeks, and 24 weeks.

Telemonitoring of Crohn Disease and Ulcerative Colitis
Self-Testing

Patients monitored via the Web-based system used
NOMHADhome, which was installed from a page that was
supplied to the patients and could be accessed via the internet.
The resources of the NOMHADhome platform were also
available on the NOMHADmobile app, which patients could
download onto their mobile phone. After inclusion, these
patients automatically received an email with a personal access
codethat enabled them to accessthe NOMHADhome platform.
Each patient profile contained the following data: contact
information (address, email, and phone number); active IBD
medications; testing schedule (blood and stool tests); log of
disease activity, medication use, body weight, vital signs, and
quality of life; alertsand action plans; progress of inflammatory
activity and vital signs in the form of graphs; electronic
messaging to the study nurse coordinator and the health care
provider; and educational tips (Figures 4 and 5).

Formative sessions of 30 to 60 minwere performed with patients
and investigatorsto improve practical utilization of the platform
before starting follow-up. During telemonitoring, patients
accessed via the internet the Web platform with their personal
password and responded to different aspects of their disease. In
all checkups, they introduced their vital signs, IBD symptoms
to measure disease activity, medication adherence, and adverse
effectsto medication. In the main menu of the platform, patients
accessed the questionnaires by clicking on the specific icons
designed for this purpose and could then answer the multiple
choice and yes or no questions needed to compl ete these items.
When it was necessary to fulfill the results of blood tests or
fecal calprotectin performed in their medical center, patients
could introduce their results in different text boxes for each
parameter similarly. Thus, the patient was able to self-complete
all the clinical and analytical variables necessary to evaluate
his or her disease status at each of the checkups programmed
intheir follow-up timeline. In addition to these fixed monitoring
points, the patient could compl ete the questionnaires voluntarily
if hisor her clinical status deteriorated.

http://www.researchprotocols.org/2018/12/€190/
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To assess disease activity, CD patients cal cul ated their modified
HBI viatext messaging. The HBI is a validated activity index
that has been shown to correlate well with the criteria of the
standard instrument for assessing disease activity for CD, the
CD activity index [22]. The HBI includes 5 clinical variables
that apply to the 24 hours since the previous evaluation on
overall well-being, abdominal pain, number of liquid stools per
day, presence of abdominal mass, and complications. For UC,
patients completed the SCCAI viatext messaging. The SCCAI
has been shown to correlate well with other disease activity
indicesfor UC and was recently validated for self-administration
viaaWeb-based tool [23,24]. The SCCAI contains 6 questions
on number of daytime and nocturnal bowel movements, urgency,
blood in stool, general well-being, and extraintestinal
manifestations of disease. In addition to disease activity, during
clinical controls, patients answered a series of questions about
medication adherence and adverse effects.

After completion of a scheduled or voluntary monitoring
guestionnaire, a personalized action plan was designed
depending on the results obtained. On the basi s of the responses
to the different outcomes evaluated, the platform stratified
patientsin the professional workstation according to the severity
of their health statusin different levels of severity. Health care
providers were then able to respond to patient needs according
to each hedth status. The platform proposed a specific
intervention according to preestablished a gorithms and medical
providers, in coordination with case managers, and finally
implemented a customized action plan for each case as described
in the following section.

Educational materials were also included in a specific section
availablein the main menu of the platform. At any time, patients
could review the information adapted by our research group
and they could answer different questions related to the
information provided to check their IBD knowledge. Moreover,
the platform allowed the interaction with health care providers
through amessaging menu to contact case managers and medical
providers as needed. Patients could ask questionsrelated to their
disease evolution or treatment by texting a message with the
keyboard. These messages were frequently reviewed so that
they were answered by our medical or nurse staff after 24 to 48
hours.

Description of Telemonitoring of Crohn Disease and
Ulcerative Calitis Alerts and Action Plans

We established individualized alerts and action plans based on
the answersto questions about the activity index, adverse effects,
and results of blood and stool parameters. A scale of valueswas
assigned for each alert depending on severity (green, yellow,
orange, and red zone). For example, according to the activity
index score (remission or mild, moderate, or severe disease),
the patient is categorized in the green, yellow, orange, or red
zone, and the health professional can select 1 or several actions
to immediately begin self-testing (Tables 1 and 2). Each level
of alert was associated with a preestablished intervention plan
that involved closer monitoring, changes in drug dose, or even
referral to the hospital emergency service or an outpatient clinic.
These interventions were managed by nursing or medical staff
depending on the degree of severity of thealert. Oncethedisease
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wasin remission again (green zone), the patient had to continue  criteria for entering each zone could be modified by the
with the initially programmed follow-up. In some cases, the researcher to adjust the specific clinical status of each patient.

Figure 4. Home page of the NOMHADhome platform, patient version. Translations for the screenshot: Mafiana: Morning; Mediciones: Statistics;
Cuestionarios: Questionnaires; Evolucion de constants: Vital signs; Educacion: Education; Buenos dias paciente 0001: Good morning patient number
0001; Tecleatu PIN: Please type your PIN number; Otros: Other; Salir: Disconnect.
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Figure 5. Home page of the NOMHADmobile platform and access to vital signs, patient version.
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Table 1. Action plans according to Harvey-Bradshaw index activity index scores.

Harvey-Bradshaw index

Action plan

Score >16: Severe activity?

Score 8-16: Moderate activityb

Score 5-7: Mild activity®

Score <5: Disease in remission®

*  Intervention 1: Send patient to hospital immediately?

* Intervention 1: Request priority appointment in outpatient clinic?
*  Intervention 2: Adjust immunosuppressants and bi ologicsb

*  Intervention 1: Monitor 2-3 times per week®
« Intervention 2: According to new score
« Intervention 3: Adjust new medication or add new treatment

Continue with monitoring programd

%Red zone.
POrange zone.
CYellow zone.
dGreen zone.

Table 2. Action plans according to Simple Clinical Colitis Activity Index (SCCALI) activity index scores.

Simple Clinica Colitis Activity Index (SCCAI) Action plan
Score >52 Contact the physician®
Score 3-5° Follow-up with repeat of SCCAI in5 daysb
Score <2° Continue with the same monitoring program®
8Red zone.
byellow zone.
CGreen zone.

To ensure that patients in the G_TECCU arm adhered to the
requirements of remote monitoring, 2 days before each
monitoring date, they received amessage viaemail if they were
using the NOMHADhome app or a message via their mobile
phone if they were using NOMHADmMobile. Similarly, the
patients were sent areminder if they did not enter their dataon
the scheduled date.
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Furthermore, al patients had access to tools that taught them
about their disease. In G_TECCU, information was available
on the NOMHADhome platform itself; in the G_Control and
G_NT arms, the patients received written documents with the
same information.
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Health Data Security

TECCU Web platform protects the confidentiality of health
data. The access to patient station and to workstation requires
apersonal password only known by the patient and health care
providers, respectively. Moreover, health care providersregister
patients in the platform with a generic name and a code only
identifiable by investigators. Finally, to avoid data correlation
by a nonauthorized person, data included in the Web platform
are not connected to other hospital information systems. Thus,
only case managers and health professionals can see al the
clinical history separately.

Notification of Adverse Effects

TECCU is a minima risk system. The characteristics of the
interventions in this study mean that patients are not expected
to experience direct adverse effects. The interventions were
proposed to control and achieve longer remission periods in
patients with IBD. Therefore, they cannot cause lesions or
damage the patients’ health, since we did not test a new
experimental drug; on the contrary, we used a Web-based
telemonitoring system to give indications when flare-ups are
detected or when these become more severe. With respect to
the platform, arisk minimization study was performed to ensure
the accomplishment of ethical norms and that the appropriate
ethics committees approved the study. In any case, we recorded
all adverse events occurring from the moment the patient gave
his or her consent to participate in the study until 28 days after
the study finished.

Statistical Analysis

Sample Size Calculation

It was decided that the most efficient means of determining
differences between the 3 groups (G_control, G_NT, and
G_TECCU) was by contrasting differences in activity indices
for the diseases treated (CD and UC). Given that the scales
differ, the analysis was stratified by performing a comparison
for patients with UC and another comparison for patients with
CD. Thesample sizewas calculated by estimating that to detect
adifference of 3 pointsin the HBI, taking into account an SD
in the index of 4, a power of 80%, and an alpha significance
level of .05, atotal of 30 patients with CD (10 per arm) would
be needed. Moreover, for a difference in the Mayo index of 2
points, taking into account an SD of 2.5, a power of 80%, and
an aphasignificancelevel of .05, atotal of 30 patientswith UC
(10 per arm) would be needed. Therefore, the overall sample
size was 60 patients (20 per arm).

We also stratified patients globally (CD and UC) by comparing
those in remission or with inflammatory activity, irrespective
of severity (mild, moderate, or severe).

Statistical Analysis Plan

First, we described the characteristics of patientsin the test and
control groups (by applying appropriate estimators according
to the type of variables with their respective Cls for means or
proportions) and evaluated possible differences between the
groups using tests to assess differences in means or proportion.
Second, we evaluated differencesin the main outcome measure
and in the secondary outcomes, again using tests to assess
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differences in means and proportions, as applicable. We then
used linear regression models (or logistic regression models)
to evaluate the significance and magnitude of the effect of the
intervention while controlling for possible differences in the
characteristics of patients from both groups. We generally used
backward-forward models by initially constructing complete
models and excluding nonsignificant variables one by one (P
for removing variables=.10), although we tried to include the
previously removed variables after each exclusion (P for
including variables=.05). Theyield of the model swas evaluated
using the coefficient of determination and, in the case of logistic
regression, by evaluating its discriminative capacity (C-statistic)
and calibration (Hosmer-Lemeshow test). The statistical analyses
were performed using R version 3.5.1 (R Foundation for
Statistical Computing, Vienna, Austria). The anaysis was
performed on an intention-to-treat basis.

Costswere evaluated from a social perspectiveincluding direct
health care costs. The unit cost was obtained by measuring the
consumption of resources and applying the official pricelist of
the Valencian Health Agency or other official bodies. When
these were not available, they were estimated by evaluating the
time and cost of the resources involved.

Ethical Consider ations

The study was carried out in accordance with the Declaration
of Helsinki on ethical principlesfor medical research involving
human subjects, as adopted by the General Assembly of the
World Medical Association (1996). We followed the protocoal,
the principles of Good Clinical Practice, the guidelines of the
International Conference on Harmonization, and the official
regulations of the participating centers. The study protocol was
reviewed and approved by the local independent ethics
committee of La Fe University and Polytechnic Hospital,
Valencia, Spain , the regional independent ethics committee
(Comité Etico Autonémico de Estudios Clinicos de
Medicamentos y Productos Sanitarios de la Comunitat
Valenciana; CAEC), and the Spanish Agency of Medicinesand
Medica Devices (Agencia Espafiola de Medicamentos y
Productos Sanitarios; AEMPS). The study was carried out by
persons with the appropriate scientific and medical
qualifications. The benefits of the study were proportional to
the risks. The rights and well-being of the participants were
respected at al times. According to the physiciansinvolved in
the study, the risks did not outweigh the potential benefits, and
each participant provided his or her informed consent without
coercion. Thetrial was registered at clinicaltrials.gov with the
identifier NCT02943538. The results will be published
according to the CONSORT guidelines.

Study Outcomes

Participants attended study visits at baseline, 12 weeks, and 24
weeks, in addition to routine visits scheduled for their clinical
care. Thevariablesmeasured at baseline were sociodemographic
variables, disease activity, HRQOL, adverse events, adherence,
and patient satisfaction. The results were recorded on a paper
case report form designed ad hoc for the study. The same
approach was used at 12 and 24 weeks. In addition, the hospital
information system was consulted to collect data on mortality
and variables associated with the consumption of hospital
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resources (emergency and scheduled visits to the outpatient
clinic, visits to the emergency department, emergency and
scheduled hospital admissions during follow-up, and surgical
procedures). Thisinformation was used in the cost-effectiveness
study, which was based on direct health care costs.

Primary End Point

The primary objective of the study was to evaluate clinical
remission at 24 weeks. In addition, clinical disease activity was
evaluated at each of the checkups scheduled in the patients
time line. Remission was evaluated using the HBI for patients
with CD [22]. In the case of patients with UC, we used the
SCCAI [23] for remote checkups, together with the partial Mayo
score for face-to-face visits.

Patients with CD and an HBI <5 were considered to be in
clinical remission, whereas patients with scores of 5to 7, 8 to
16, or >16 were classed, respectively, as having mild, moderate,
or severe activity [22]. For remote checkups in patients with
UC, clinical remission was defined as an SCCAI <2, whereas
values of 3to 5 or >5 points were classed as mild-to-moderate
or severe activity, respectively [25]. In the face-to-face visits,
clinical remission was defined as a partial Mayo score <2 and
no individual Mayo subscore >1; scoresof 2to 5, 6t0 8, and 9
points were defined, respectively, as mild, moderate, and severe
disease activity [26].

Laboratory parameters were measured at baseline and at each
subsequent visit according to the individual patient’s schedule
and included complete blood analysis with nutritional profile
and C-reactive protein (mg/L) and fecal calprotectin (ug/g) to
assess inflammatory activity. The results obtained could lead
to changes in the medication prescribed. The aert generated
led toanintervention. Fecal cal protectin was assessed at baseline
and 12 and 24 weeks after inclusion, although their values did
not lead to a specific intervention.

Secondary End Points

Health-Related Quality of Life and Impact on Activities of
Daily Living

The HRQOL of the patients at inclusion and at week 24 or at
the end of thefollow-up visitswas eval uated using the following
2 tools: a specific questionnaire, the IBD Questionnaire 9
(IBDQ-9), and a generic questionnaire, EuroQol-5D (EQ-5D).
IBDQ-9 has been validated for IBD and correlated extremely
well with clinical activity [27]. The Spanish version of IBDQ-9
has been validated and correlated well with the IBDQ-36
guestionnairein Spanish [28]. EQ-5D isageneric questionnaire
that has been used in patients with various chronic diseases,
such as IBD, and has been validated in Spanish [29]. This
instrument provides a global value for HRQOL and a visual
analog scale (VAS). It isknown that responsesto EQ-5D items
and the VAS score are better for patients in remission than for
patients with active disease [30].

Furthermore, the impact of disease on work productivity and
activities of daily living was evaluated using the Work
Productivity and Activity Impairment questionnaire, which
patients completed at baseline and at week 24. The questionnaire
comprises 6 questions on the effect of the disease on work and
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activities of daily living during the previous 7 days. The greater
the score on the questionnaire, the greater the effect is on work
and daily activities. The Spanish version has been validated and
has been shown to be reproducible in patients with CD [31].

Evaluation of Adherence and Adver se Effects

Adherence was eval uated using the Morisky-Green index [32],
which has been used in clinical trials to evaluate adherence in
patients with IBD [14]. We consider adherence to be adequate
when the patient responds to all questions correctly and
inadequate if any answer was associated with nonadherence.

Furthermore, patients responded to a series of questionsrelated
to the onset of specific adverse effects to the drugs they were
taking at the time. These checkups reflect the adverse effects
of immunosuppressive or biologic agents, as preestablished by
the research team in the NOMHADchronic app.

Assessment of Utilization of Health Care Resour ces

We recorded information from each patient on the use of health
careresources, specifically the number of unscheduled visitsto
the outpatient clinic, visits to the emergency department, and
nonscheduled admissions to hospital. This information was
recorded using the hospital information system, Orion Clinic,
which has been certified by the Heath Information and
Management Systems Society and is used in daily clinica
practice in La Fe University Hospital. We also recorded the
following: the reason for the visit to the outpatient clinic, visit
to the emergency department, or hospital admission; whether
or not IBD-related surgery was necessary; and the total length
of hospital stay. In addition, we recorded all deaths during the
study (whether related to IBD or not).

Assessment of Satisfaction With Care

Patient satisfaction with the care received was evaluated at 24
weeks using an adapted version of the Client Satisfaction
Questionnaire, which comprises 6 questions on the quality,
usefulness, and viability of the care received as a result the
intervention [33].

Results

Thisproject wasfunded in 2012, and the platform wasinstalled
and configured from 2013 to 2014. Enroliment started in
October 2014 and it finished in June 2016. At the time of this
protocol’s submission, data analysis was underway, and the
first results are expected to be published in 2018.

Discussion

Importance of the Study Resultsand Principal
Findings

Efforts, to date, have focused on telemonitoring systemsin an
attempt to positively influence adherence to treatment and
knowledge of the disease in the follow-up of patients in
remission or with mild-to-moderate disease [14,16]. This study
is the first randomized controlled clinical trial to evaluate the
efficacy of a remote Web-based management program for the
follow-up of patientswith IBD of moderate-to-high complexity.
We compared standard face-to-face or nurse-assi sted telephone
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follow-up with remote monitoring based on a Web app
(NOMHADchronic) for control of inflammatory activity, quality
of life, adverse effects, adherence, and use of health care
resources over a24-week period. Patients with moderate-to-high
disease complexity are considered to be those who start
treatment with systemic corticosteroids, immunosuppressants,
or biologics for control of inflammatory activity.

There is still little evidence on the role of telemedicine in
monitoring health outcomes and reducing health care costs in
the IBD setting. In 2001, Robinson et al [17] successfully
implemented a self-care plan in patients with UC in remission.
A total of 203 patients were randomized to G_Control or to
self-management. During the 1-year study period, relapsesin
the self-management group weretreated earlier and were shorter
in duration, and utilization of health care resources decreased.
Over a decade later, Cross et a [14] used a remote control
system, Home Automated Telemanagement (HAT), to provide
a secure patient portal to monitor symptoms, generate alerts,
and inform patients about the disease in a randomized clinical
trial. However, in this study, no significant differences were
noted in disease activity and quality of life between patients
followed with the HAT system and usual care, probably due to
the small sample size and the design of the platform, which
required homeinstallation and repairs. To avoid these problems,
the same group designed afterward a Web telemanagement
program via mobile phone [34].

Web-based programs are a new and easy-to-use approach in
telemanagement. Theimplementation of such programsreduces
the costs of telemanagement because home installation is not
required. Elkjaer et a [16] performed a pioneering study in
Web-based management in which the concept of constant care
wasintroduced for patients with UC. A randomized controlled
trial comparing Web-based monitoring and standard follow-up
was carried out with 333 patients with UC treated with
5-aminosalicylic acids (5-ASA) at hospitals in Denmark and
Ireland. The remote care method was safe and feasible. The
authors observed a trend toward higher adherence in patients
managed using a Web-based system and that the duration of
relapses was shorter than that in the G_control. These findings
were associated with the ability of the Web-based program to
empower patients to self-initiate 5-ASA in case of flare-ups.
Moreover, in the experimental arm, patients made more phone
callsand sent more emails but attended fewer face-to-face visits,
and cost savings per patient-year were recorded.

Given that telemonitoring apps are well accepted by patients
and seem to be a safe approach for follow-up of patients with
less complex IBD (in remission or with mild activity), we
designed a controlled, 3-arm clinical tria to compare the
effectivenessof G_TECCU for the monitoring of inflammatory
activity in patients with IBD of moderate-to-high complexity
with G_control and G_NT. Our study enabled us to compare
the main strategies applied to date in the follow-up of patients
with IBD (standard or tel ephone support by anurse) with remote
monitoring. In particular, an easy-to-use Web-based program
with a Web app (NOMHADchronic) would likely improve
health outcomes and reduce costs more than other systems for
remote management of the disease (eg, those that could require
reparations at home) [35].
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Another critical issue was the selection of activity index and
biological tools for measuring disease activity and secondary
outcomes remotely. We used clinical activity indices (HBI,
SCCAI, and partial Mayo score) to evaluate the primary
objective of the study. The SCCAI was previously used to
evaluate the ability to control disease viatelemonitoring systems
[16] and was shown to correl ate well with other, more complex
activity indices that require endoscopy [36]. Similarly, the
reduced 6- and 9-point versions of the Mayo index, which do
not require endoscopy, have proven to be capable of detecting
aclinical responseto treatment, asisthe case with the full Mayo
score [26]. The partial Mayo scoreis only used at face-to-face
visits because one of itsitems must be assessed by a physician.
Nevertheless, as clinical indices may not reflect the true
inflammatory activity of the disease, biologica markers
(C-reactive protein and fecal calprotectin) were used for the
global evaluation and comparison of the 3 groups at the baseline
and follow-up visits, which are sensitive enough to detect
mucosal inflammation [37].

Strengthsand Limitations

Regarding the development of the TECCU Web program, the
main difficulties were related to the design of an easy-to-use
system, which is compatible with abroad group of devices. We
designed an interactive tool, which allows patients to register
their evolution at each moment, through asimple and structured
main menu containing all relevant aspects to control IBD
activity. A practical problem with the use of TECCU was its
incompatibility with Microsoft Internet Explorer Web browser,
but patients and researchers were able to open the TECCU
platform using Mozilla Firefox or Google Chrome, and there
wasaversion availablefor Windows and Mac operating system
computers and Android or iOS mobile phones. Another issue
was the absence of videoconference, but the electronic
messaging and theintelligent a ert plansincluded in the platform
allowed coordination of health care providers to provide
response to medical problems after 24 to 48 hours. Our study
is subject to a series of limitations. First, we included patients
with IBD managed at a tertiary referral hospital, and the
exclusion of patientswith suspicion that monitoring will not be
completed is subject to difficulties in determining the ability
and willingness to use ICT in each case, which represent a
potential source of bias. According to guidelines for
management of IBD, patients evaluated at referral centersoften
have more complex disease, are often more difficult to treat,
and need aggressive therapies. Patients treated in community
hospitals, on the other hand, generally have milder disease and
require less aggressive treatment. However, the
NOMHADchronic program may aso help community
physiciansto be more aware of the guidelines, and it could even
be more effective in patients who can self-manage with less
aggressive treatments, which may be easier to implement.
Second, we did not perform colonoscopy in al patients because
it would increase the costs of the clinical trial, and col onoscopy
is not performed routinely in all patients in clinical practice.
Nevertheless, we intend to analyze the subgroup of patients
who underwent routine colonoscopy. Third, due to the kind of
interventions assessed, neither the patients nor the researchers
were blinded with respect to the intervention, but the results
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were analyzed by an independent statistician who was blinded
to group identification.

Conclusions

In conclusion, the development of a Web-based program for
the management of patients with IBD proved challenging in
terms of providing adequate remote monitoring of the disease
and acceptance of the system, mainly as a result of including
patients with moderate-to-severe disease. We describe the
difficulties we faced during the design of arandomized clinical
trial to compare Web-based monitoring of patientswith standard
face-to-face monitoring and tel ephone monitoring. We aimed
to aid other investigatorsin the development of telemonitoring
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