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Abstract

Background: Employees in an office setting are more likely to remain physically inactive. Physical inactivity has become one
of the major barriers to overcoming the risk factors for anxiety, depression, coronary heart disease, certain cancers, and type 2
diabetes. Currently, there is a gap in mobile health (mHealth) apps to promote physical activity (PA) for workers in the workplace.
Studies on behavior change theories have concluded that health apps generally lack the use of theoretical constructs.

Objective: The objective of this study was to study the feasibility of a persuasive app aimed at encouraging PA among employees
and to understand the motivational aspects behind the implementation of mHealth apps among office workers.

Methods: A 4-week study using a mixed methods (quantitative and qualitative) design was conducted with office-based
employees in cities in 4 countries: Oulu, Finland; Carlow, Ireland; London, United Kingdom; and Dhaka, Bangladesh. Of the
220 invited participants (experimental group, n=115; control group, n=105), 84 participated (experimental group, n=56; control
group, n=28), consisting of working-age volunteers working in an office setting. Participants used 2 different interventions: The
experimental group used an mHealth app for PA motivation, and the control group used a paper diary. The purpose was to motivate
employees to engage in healthier behavior regarding the promotion of PA in the workplace. A user-centered design process was
followed to design, develop, and evaluate the mHealth app, incorporating self-determination theory (SDT) and using game
elements. The paper diary had no specific theory-driven approach, design technique, nor game elements.

Results: Compliance with app usage remained relatively low, with 27 participants (experimental group, n=20; control group,
n=7) completing the study. The results support the original hypothesis that the mHealth app would help increase PA (ie, promoting
daily walking in the workplace) in comparison to a paper diary (P=.033). The mHealth app supported 2 of the basic SDT
psychological needs, namely autonomy (P=.004) and competence (P=.014), but not the needs of relatedness (P=.535).

Conclusions: The SDT-based mHealth application motivated employees to increase their PA in the workplace. However,
compliance with app usage remained low. Future research should further develop the app based on user feedback and test it in a
larger sample.

(JMIR Form Res 2020;4(5):e15083)   doi:10.2196/15083
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Introduction

Lack of physical activity (PA) affects normal physiological
processes in the human body, which may destabilize the body's
energy balance, cause muscle atrophy, and diminish exercise
capability [1]. Physical inactivity has become one of the major
barriers to overcoming the risk factors for obesity, stroke, type
2 diabetes, and mental health issues. These risk factors can cause
long-term disease that lead to death [2]. Several factors may
discourage participation in PA (eg, a lack of parks, paved areas,
and sports or recreation facilities), and the World Health
Organization member states have set a target to reduce physical
inactivity up to 10% by 2025 [3]. Despite this, some individuals
remain persistently physically inactive, thus leading to a high
risk of medical complications and causing significant health
care expense [4,5]. The consequences may be compounded by
physical inactivity in the workplace. Interventions that are
designed and developed for the workplace environment are
encouraged and may result in progress in PA [6].

Technology-enhanced solutions are a promising approach to
motivating people and promoting PA. Mobile health (mHealth),
using smartphones for health-oriented applications, has emerged
as a vital tool for health-oriented behavioral change interventions
[7] and to reduce health problems [8].

Persuasive health apps have been proposed as a technique to
foster behavioral change [9-11]. State-of-the-art behavioral
change efforts are essential for increasing PA promotion [12].
However, mHealth apps are not generally grounded in behavior
change theories [13-15].

According to the self-determination theory (SDT), people can
be intrinsically and extrinsically motivated to perform an action
[16,17]. An intrinsic level of motivation is completed through
the fulfillment of the 3 psychological needs: autonomy,
competence, and relatedness. Autonomy shows a sense of having
the option to measure the social environment and distributing
selections that conform to carrying out a daily task [18].
Competence indicates a sense of completing the task in a social
environment. Relatedness specifies the feeling of working to
connect with others [18]. Hence, SDT is a promising method
for overcoming the challenges of physical inactivity in the work
environment and a lack of social interaction among employees.
Workers can be motivated intrinsically (ie, they feel gratified
in performing their daily walking routine). Then, they are
extrinsically more motivated to complete their PA task, since
they want to finish the job (eg, they can track their progress by
scoring points and earning badges based on a leaderboard during
their daily walk). However, employees who are amotivated may
not demonstrate an awareness to perform any level of their daily
PA task. Thus, intervention strategies that are purported to
satisfy the 3 needs of SDT might encourage positive behavioral
change [19].

Gamification is the use of game elements in non-gaming
contexts [20] and motivating individuals by making their
experience more fun and playful [21]. Human behavior is
motivated by extrinsic aspects such as incentives or rewards
that have been utilized to encourage motivation among
employees [22,23]. Virtual points and badges are ways of

representing rewards [24]. Furthermore, competition is a
persuasive technique derived from the Theory of Competition
[25], referring to “the act of seeking or endeavoring to gain what
another is endeavoring to gain at the same time” [26]. A
leaderboard is a way to represent competition in which users’
activities are demonstrated [27]. The implementation of rewards
is a practical way to foster users’ behaviors in non-gaming
contexts [28]. In PA research, points, badges [29-35], and
leaderboards [29-31,34,35] (PBL) can persuade individuals to
complete a specific activity.

As a potential solution to increase PA in the workplace, this
study designed and developed a persuasive mHealth app called
iGO that incorporates SDT. SDT was selected for its
acknowledgment in PA research [36] and its capability to
support an individual’s behavior by offering reinforcement of
the 3 basic psychological needs: autonomy, competence, and
relatedness. The design followed the user-centered design
(UCD) process [37]. The iGO mHealth app allowed users to set
goals for PA after breakfast and lunch sessions and enabled
them to track their walking performance. The purpose was to
motivate employees to increase their daily PA and social
interaction among colleagues and others. This study aimed to
answer the following research questions:

1. What is the feasibility that the persuasive iGO app will
motivate employees to increase their daily walking in the
workplace?

2. What is the employees’ view of the persuasive iGO app
regarding the needs of autonomy, competence, and
relatedness for promoting daily walking?

To answer the research questions, we evaluated the iGO
mHealth app during a 4-week study with a mixed methods
(quantitative and qualitative) design. We hypothesized that iGO
would motivate employees to increase their daily walking and
increase their autonomy (confidence level and ability to choose
regular walking to reach their goal), competence, and
relatedness.

Methods

Study Design
An experimental study was conducted with a group of
office-based employees for 4 weeks. Participants were randomly
assigned to 1 of 2 groups. The experimental group used the iGO
mHealth app, and the control group used a paper diary on
weekdays for 4 consecutive weeks.

App Design
iGO was iteratively developed in previous studies, and the app
design has been presented elsewhere [38,39]. Briefly, we
designed and developed the gamified, persuasive mHealth app
iGO [39] to encourage employees to walk more often and to
break up long sitting periods during working hours. iGO is based
on the SDT-driven system model [38]. This model is a
combination of the SDT theory, game elements, and motivating
outcomes (exercise, walking, and weight control). The SDT
theory model of health behavioral change defined by Ryan et
al [40] was adopted. The iGO app utilizes the 3 basic SDT
psychological needs and aims to motivate users to increase their
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daily PA by increasing their levels of autonomy (ability to
choose a daily walking task to reach a 10-minute goal after
breakfast and lunch breaks), competence (feeling effective in
their ongoing interactions with the social environment and to
reach the daily walking goals), and relatedness (feeling
connected with colleagues for the purpose of PA).

User-Centered Design (UCD)
Our proposed gamified system model was used to design and
develop a low-fidelity prototype (paper prototype) of iGO
applying the UCD process, consisting of 5 steps: empathize,
define, ideate, prototype, and test. The details have been
published elsewhere [38]. The prototype allowed users to enter
their information, such as name, age, and weight. By logging
into the app, the user had the option to participate in PA with
others or alone [38]. Every 5 minutes of PA resulted in 1 point;
therefore, a 5-minute walk was awarded 1 point, and a 10-minute

walk was awarded 2 points. The users could monitor their
activities on the leaderboard. The iGO app prototype [38] was
tested by 5 volunteers. Based on the users’ recommendations,
a high-fidelity prototype of the iGO mHealth app was designed
and evaluated during a 1-week study [39] and further upgraded
to a newer version of the iGO mHealth app, as presented in the
following sections.

Working Version of the iGO mHealth App
The overall concept of the iGO app is shown in Figure 1. Users'
key characteristics (comprising intrinsic motivation and levels
of autonomy, competence, and relatedness with regard to their
PA participation) and responses were collected from the system.
In addition, their daily walking activity was logged automatically
by the system. Users received notifications and their
progress-related rewards are displayed on the leaderboard.

Figure 1. Overall concept of the mobile health app iGO, developed using the user-centered design process.

The flow within the iGO mHealth app is shown in Figure 2.

The iGO app (Multimedia Appendix 1) provides a choice in the
main menu to select “yes” or “no” regarding the user’s breakfast
or lunch status. If the user selects “no” to indicate he or she did
not have breakfast, the alarm reappears after 10 minutes and
asks the user to select an option to proceed. Selecting “yes” will
ask the user for a preference — either “physical activity with
others” or “physical activity alone” — and the activity is timed
for 10 minutes. Users have the choice to accept or skip the app
function by pressing the “yes” or “no” button when they are
asked whether they had breakfast or lunch. Users express their
views and are able to select their choices through the app. Thus,
the iGO provides autonomous support. Moreover, the
autonomous choice of “physical activity alone” allows users to
walk up to 10 minutes or more if they wish (their walking data
are stored in the data server). We included rewards such as PBL
game elements in the system to motivate participants to walk
for 10 minutes and add points to meet their goal.

The accelerometer sensor in the smartphone tracks the footsteps
of the users, targeting 1000 steps in 10 minutes, based on the

recommendation of 3000 steps in 30 minutes [41]. Here, 500
steps are counted as 1 reward point. Reminders are sent via an
alarm/vibration during breakfast and lunch. The leaderboard
appears as an interactive social display when the users select
“View points” from the main menu. The leaderboard shows the
ranked list of users, their names, photos, and earned points.
Users can customize their picture and name visibility settings
when signing into their iGO account. Additional details of the
user interface of the functionality pages of the iGO mHealth
app have been published elsewhere [42]. Walking data are
gathered on the web server (Figure 3).

An 8-week usability evaluation of the final iGO mHealth app
was conducted earlier, utilizing the unified theory of acceptance
and technology model. The details have been published
elsewhere [42]. Briefly, the usability was evaluated based on
performance expectancy, effort expectancy, social influence,
facilitating conditions, behavioral intention, and use behavior.
The results showed success in motivating the users to participate
in PA.
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Figure 2. Flow within the iGO mobile health app.

Figure 3. A user’s walk and step count after the lunch recess are tracked, and the data are gathered in the web server.

Participants
The 4-week experimental study was conducted at 4 sites in 4
countries: the city of Oulu, Northern Finland (population,
~199,000); Carlow, South Leinster, Ireland (population,
~26,000); the megacity of London, United Kingdom (population,
~8,136,000); and the megacity of Dhaka, Bangladesh
(population, ~1,984,000). The 4 countries were selected due to
practical reasons owing to existing collaborations. To recruit
the participants, we selected 10 multinational information and
communications technology companies (2 in the United
Kingdom, 2 in Ireland, 3 in Finland, and 3 in Bangladesh), 1
research institute from each country (University of Oulu,
Finland; Queen Mary University of London, United Kingdom;
Institute of Technology, Carlow, Ireland; and Bangladesh
University of Professionals, Bangladesh), and people in startup
companies (Finland, United Kingdom, Ireland, Bangladesh).
The list of the companies was collected, and we personally

communicated with university researchers and professors.
People working in the information technology sector were
invited to participate, owing to the relationship between
information technology skills and technology acceptance. We
contacted each site by email and asked for an invitation email
to be forwarded to their employees. The first author of the study
contacted the people at the startup companies directly. A total
of 220 people was invited. The people were randomized to the
experimental (n=115) and control (n=105) groups before sending
the invitations (Figure 4). Participants were randomized to the
groups manually in a blindfolded randomly mixed order. They
were contacted to confirm their willingness to participate in a
4-week trial. We obtained informed consent (Multimedia
Appendix 2) from all participants before conducting the study.
The consent form was in English in all countries. The
participants were able to withdraw from the study in any phase.
Based on the study design, a review by an ethical committee
was not required.
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Figure 4. Flow chart of the study participants.

The flow chart of the study participants is shown in Figure 4.
The final study population consisted of 84 working-age
volunteers working in an office setting who completed the
consent form. The characteristics of the participants are given
in Tables 1 and 2. A participant was considered to have
completed the study if he or she used the app or paper diary for
4 weeks and returned the final questionnaire.

In the experimental group, 115 people were asked to participate
in the 4-week trial using the iGO app. Of these participants, 56
completed the consent procedure (mean age 39 years, range
24-49 years), and 20 participants completed the study (12 men
and 8 women; mean weight 72.2 kg; mean BMI 24.8 kg/m²).
The reasons given for dropping out of the trial (n=36) were a
lack of time, holidays, laziness, or personal issues (16/36, 44%);
unwillingness to use the mHealth app because they disliked its

appearance or were already using an mHealth app (6/36, 17%);
did not feel a need for this type of service or were already taking
care of themselves (3/36, 8%); and other reasons (7/36, 20%).
A further 11% (4/36) did not give a reason for declining.

The control group (n=105) was asked to participate in the
4-week trial using a paper diary. Of these 105 people, 28
completed the consent procedure (mean age, 39 years; range
26-49 years), and 7 participants completed the study (5 men
and 2 women; mean weight 71.4 kg; mean BMI 24.5 kg/m²).
The reasons given for dropping out (n=21) were a lack of time,
holidays, laziness, or personal issues (6/21, 28%); unwillingness
to use the paper diary because they disliked it, since it was only
paper, with no alarm (7/21, 35%); did not feel a need for this
type of service or they were already taking care of themselves
(3/21, 13%); and other reasons (6/21, 26%).
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Table 1. Baseline characteristics of the participants.

Completed, n=27Consented, n=84Invited, N=220Variable

C, n=7E, n=20C, n=28E, n=56Cb, n=105Ea, n=115

Gender, n (%)

4 (57.1)10 (50.0)12 (42.9)23 (41.0)42 (40.0)44 (38.3)Female

3 (42.9)10 (50.0)16 (57.1)33 (59.0)63 (60.0)71 (61.7)Male

Work situation, n (%)

————c50 (47.6)62 (53.9)University

————41 (39.0)36 (31.3)ITd industry

————14 (13.4)17 (14.8)Startup company

Country, n (%)

2 (28.6)6 (30.0)9 (32.1)18 (32.1)30 (28.5)32 (27.8)United Kingdom

1 (14.3)6 (30.0)5 (17.9)12 (21.4)19 (18.1)22 (19.1)Ireland

3 (42.9)5 (25.0)8 (28.6)15 (26.8)24 (22.9)26 (22.6)Finland

1 (14.3)3 (25.0)6 (21.4)11 (19.6)32 (30.5)35 (30.4)Bangladesh

aE: experimental group.
bC: control group.
cData were not available.
dIT: information technology.

Table 2. Baseline characteristics of the participants by country.

Completed, n=27Consented, n=84Invited, N=220Variable

C, n=7E, n=20C, n=28E, n=56Cb, n=105Ea, n=115

United Kingdom, n (%)

1 (50.0)2 (33.3)3 (33.3)7 (38.9)13 (43.3)11 (34.4)Female

1 (50.0)4 (66.7)6 (66.7)11 (61.1)17 (56.7)21 (65.6)Male

Ireland, n (%)

0 (0)3 (50.0)1 (20.0)5 (41.7)7 (36.8)10 (45.5)Female

1 (100)3 (50.0)4 (80.0)7 (58.3)12 (63.2)12 (54.5)Male

Finland, n (%)

2 (66.7)3 (60.0)4 (50.0)6 (40.0)9 (37.5)11 (42.3)Female

1 (33.3)2 (40.0)4 (50.0)9 (60.0)15 (62.5)15 (57.7)Male

Bangladesh, n (%)

1 (100)2 (66.7)4 (66.7)5 (45.5)13 (40.6)12 (34.3)Female

0 (0)1 (33.3)2 (33.3)6 (54.5)19 (59.4)23 (65.7)Male

aE: experimental group.
bC: control group.

Paper Diary
The paper diary had a simple chart to record walking after
breakfast and lunch. The diary did not incorporate SDT needs
and PBL elements. Users entered their data manually.
Participants were instructed to complete their walking record
on the paper diary during their breakfast and lunch breaks every
weekday for 4 weeks. An alarm/vibration as a reminder was
not included with the paper diary (Multimedia Appendix 3).

Questionnaire
Based on the users’ feedback in the previous study [38], a
quantitative questionnaire (Multimedia Appendix 4) was initially
designed, validated, and tested. The validation was conducted
by 4 experts with similar research backgrounds. The
questionnaire was co-designed by 6 end users living in Finland
and Ireland. The questionnaire used a 7-point Likert scale, with
answers ranging from “Much worse” to “Much better” (for
increasing PA) and “Completely disagree” to “Completely
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agree” (for autonomy, competence, and relatedness). Similarly,
a set of qualitative questions (Multimedia Appendix 4) was
designed and tested to determine how the mHealth app or paper
diary helped users improve their PA, any personal approaches
used in the app or paper diary to help with their PA, any ways
in which the iGO mHealth app or paper diary failed to help
users or made their PA worse, and how the app could be
improved.

Interview
Semistructured 20-minute interviews [43] were conducted and
audio recorded with all participants in the experimental group
who completed the study. They were asked about the external
contexts as well as their opinions and feelings on the usage of
the iGO app. To evaluate the responses to open questions,
conventional content analyses were performed by the first
author. Microsoft Excel (Microsoft Corp, Redmond, WA) was
used to store and organize the data collected during the
interviews. Analysis was carried out in three steps: (1) the data
were repeatedly read for familiarity, (2) words or phrases
corresponding to the key themes were highlighted and coded,
and (3) the context and frequency of theme-related sentences
were recorded.

Procedure
The iGO app was first installed on the participant’s smart device.
Samsung (Seoul, South Korea) Android phones were lent to
any participants who did not have a compatible phone.
Participants were instructed to use the mHealth app or paper

diary for 4 weeks. Participants in the experimental group were
asked to use the mHealth app daily for at least 10 minutes after
breakfast and 10 minutes after lunch, while walking during their
break time. The participants customized the breakfast and lunch
times to their preferred times. Based on the set time, the phone
initiated a vibration/alarm as a reminder for participants to start
walking. After walking for 10 minutes, the participants were
notified by the iGO app that they completed their goal. The
participants filled in the quantitative questionnaires at the end
of the study.

Statistical Analysis
The statistical tool SPSS 25.0 (IBM Corp, Armonk, NY) was
used to analyze the quantitative data. Differences between the
experimental group and control group were compared using t
tests. The P value for each of the psychological needs of
autonomy, relatedness, and competence was calculated
separately. P<.05 was considered statistically significant.

Results

Quantitative Results
An overview of the quantitative questionnaire results is shown
in Table 3. The answers were rated using a 7-point Likert scale,
with scores of 1 to 7 corresponding to responses ranging from
“Much worse” to “Much better” (for increasing physical
inactivity) and to responses ranging from “Completely disagree”
to “Completely agree” (for autonomy, competence, and
relatedness).

Table 3. User ratings of whether the iGO app (experimental group) or paper diary (control group) increased physical activity, autonomy, competence,
and relatedness, rated using a 7-point Likert scale.

P valueControl group (n=7), meanExperimental group (n=20), meanCondition

.0334.306.15Increasing physical activity

.0043.305.05Autonomy

.0142.004.86Competence

.5353.433.15Relatedness

The score for increasing physical activity was significantly
higher for participants in the experimental group than for those
in the control group (P=.033). Also, participants in the
experimental group were significantly more likely to consider
that the mHealth app increased their motivation to participate
in PA alone, compared with the control group (P=.004).

Participants in the experimental group were significantly more
likely to consider that the mHealth app increased their feeling
of competence to view themselves in a social environment (ie,
on the leaderboard), compared with the control group (P=.014).
There was no difference between the experimental and control
groups in their reported motivation to participate in PA with
others.

Participants inputted their weight when installing the iGO app
on the smartphone and transferred this information to the
postexperimental questionnaires. A trend for weight loss was
found when using iGO, with borderline statistical significance
(pre-intervention mean weight, 72.2 kg vs post-intervention
mean weight, 71.4 kg, P=.054).

Open Questions

Autonomy
Based on the interview, most experimental group participants
(14/20, 70%) were motivated, set their daily goal of 10-minute
walking after breakfast and lunch, and tracked their daily
walking when using the iGO app, which indicated autonomy.

I sort of liked the way how it influenced me to go for
a walk and became my daily routine, liked it.

I felt like using the app has changed my habit of
sitting idle in the office after breakfast/lunch.

Competence
Participants (13/20, 65%) felt competent when using the iGO
app to view themselves in a social environment to walk daily.

[It] assisted me to interact with the phone and to walk
with others
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[It] became a habit, but I wanted to see more in the
apps like more connection [among] people who are
using it!

They felt competent using the mHealth app, which indicates
fulfillment of the psychological need of competence.

Relatedness
Only few participants (5/20, 25%) were motivated to participate
in PA (eg, walking with others) when using iGO. One participant
felt connected with their colleagues and noted: “[I] walked with
colleagues and friends and made me mix with others while
walking; a social platform.” Perhaps iGO allowed the participant
to walk daily with colleagues from the same office and track
their progress from the data server. In this way, they might feel
connected with colleagues. However, one participant stated: “I
cannot feel any betterment to walk with others.” The sense of
being connected to others using the gamified prototype is not
valid in this case. Therefore, we cannot agree that the last
psychological need, relatedness, was fulfilled.

Game Elements
One participant ranked in the leaderboard reported: “I liked the
way … it influenced me to go … walking and [it] became my
daily routine, liked it.”

However, the social, fun part of the game elements was not
apparent among the participants who reported:

Maybe add a way to create events to [attend].

Should add more socializing features.

Maybe more social fun activities options.

Participants wanted to see different points for the 2 walking
conditions. One participant mentioned, “Some difference in the
points for walking alone and walking with others.”

Other Comments
The log data showed that some regular users did not upload
their name and photo so they were visible on the leaderboard,
even though users preferred a leaderboard that included their
details when prototyping the iGO app. Within the control group,
most participants suggested that some sort of reminder should
be added in the paper diary.

I wish there were a kind of alarm type feature or
image that [could] draw … attention towards the
paper.

[A] paper diary can be easily ignored in the busy
schedule, so it should be more attractive.

Of the participants who completed the study using the iGO app,
8 (8/20, 40%) participants used a provisioned Samsung phone,
whereas the remaining participants used their own smartphones.
The log data showed that those who used their own phone had
more points and ranked higher on the leaderboard. Moreover,
the data from the participants who completed the study in Ireland
showed that those who ranked highly on the leaderboard (4/6,
66%) were colleagues from the same offices and building.

Discussion

Principal Findings
This study presents the feasibility of an mHealth app designed
for promoting walking in the workplace during breaks. Based
on the examination, the iGO app helped to overcome physical
inactivity by increasing walking. The data supported compliance
with 2 of the basic psychological needs, namely autonomy and
competence, but not for the needs of relatedness. However,
compliance in using the app remained low.

Satisfaction with the SDT basic needs for autonomy,
competence, and relatedness is essential for establishing
intrinsically motivated and sustained PA behavior [44]. In this
study, most participants were motivated and set their daily goal
of 10-minute walking after breakfast and lunch. Participants
felt competent using iGO to view themselves in a social
environment to walk daily.

Discontinuation is a central problem in technology-enhanced
intervention studies [45], and participant age, gender, education
level, and employment status can influence the risk of dropping
out during the study [46]. In this study, the number of consented
participants who did not continue the study was comparatively
high. Participants were busy in their work life. They were young
developers or programmers working in technology-based
industries. This may indicate that the reasons for discontinuation
were their young age and employment status.

Studies have shown that interventions targeting PA promotion
can be designed to focus on setting-specific issues that are open
to change within demographic settings differentiated by gender,
age, social disadvantage, and geographic location [47]. Our
users were from 4 different countries. Apart from those in the
United Kingdom and Ireland who were native English speakers,
participants from Finland and Bangladesh had their own native
language (Finnish and Bengali, respectively). However, they
all spoke English due to their international working environment.
Thus, participants were not affected by the language factor when
the app was in English. Instead, cultural differences may have
a significant effect on the use of behavior change apps and need
to be studied in more detail in future.

On the other hand, weather conditions may affect outdoor PA,
as demonstrated for older adults [48]. The United Kingdom,
Ireland, and Finland have varying day lengths and seasonal
outdoor temperatures, in contrast to Bangladesh. Extremely
cold temperatures and slippery conditions may reduce
participation in outdoor activities during the winter period (eg,
in Finland) but may not affect indoor behaviors. Similarly,
extreme heat levels have a negative impact on human health
and productivity [49], which may have limited walking outside
of the office buildings in Bangladesh. The office interiors were
well-equipped with air conditioning systems but may have had
comparatively limited space to even walk in the office corridors.
However, because the mHealth app was designed to encourage
workers to walk during their breakfast or break, which they
were able to do in the office area, they were not much affected
by weather factors.
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We did not examine the users’ recommendations, age, and
gender based on the specific geographic location but averaged
all users’ preferences from the 4 different countries when
designing the app. The SDT needs of relatedness were absent
in this study (ie, the participants did not connect with others
while walking). Previous research has suggested that being
connected to more people may help with PA promotion [50,51]
and users tend to do more PA if they are socially connected
with others for the same purpose. In this study, the environment
appeared to not fully support regular PA by the participants,
perhaps due to the lack of actual daily interaction with
colleagues. The low levels of relatedness may be explained by
the fact that few colleagues were using the iGO app at the same
time. The social features of an mHealth tool have been shown
to initiate positive changes in social interaction among
colleagues and signing up for the tool [52]. In this study, the
leaderboard included participants from the 4 countries. However,
this may have demotivated participants, since it may be more
motivating to compete against participants that people know
personally.

Cognitive, emotional, and social benefits are credited to
gamification [53]. Building positive social relationships and
fostering a sense of integration are the core social benefits noted
for gamification [54]. In the present study, the game elements
may not have provided enough social benefits for the users.
Additional features could have been added for scoring. For
instance, walking with others might have scored additional
points. Competition allows users to identify their situation and
compare their activities to others [55]. Although a leaderboard
is a way to represent competition based on users’ activity [27],
competition was not noticed among the users in this study.
Participants who focused more on PA than points may have
earned more points than those who focused on earning points.
To facilitate PA promotion, strengthening of motivation and
changes in self-awareness are two essential mechanisms [56].
This suggests that participants may have been motivated
intrinsically by using the mHealth app and that their
self-awareness of PA in the workplace was increased through
the use of the mHealth app.

Using mobile reminders is a conventional approach in health
research [57-59]. The use of digital triggers (eg, alarm or
vibration) can be automated in smartphones so that the users
recognize the meaning of the alert. Triggers such as an adaptive
control mechanism are framed to meet the needs and goals for
short-term actions and longer-term behavioral change [60]. The
reminders programmed in our mHealth app helped the users
react for a near-term response (eg, a reminder to walk).
Researchers have highlighted that mHealth solutions are still
methodological and need to resolve privacy issues [61], such
as security features that include secure encryption and two-factor
authentication [62]. Some participants might have chosen to
omit their name or photo on the leaderboard because of their
preference to not disclose their daily PA-based track record (eg,
total minutes of walking, earned points) to others.

Compliance with the paper diary was comparatively low,
compared with that of the mHealth app. Participants forgot to
complete the paper diary, it was less attractive, there was no

alarm system, and it was difficult to record walking time on
paper.

Walking can be beneficial for weight loss [63] and other health
outcomes [64,65]. mHealth interventions with theory-based
podcasts, social support [66], encouraged self-tracking [66,67],
and health coaching [68] have been shown to result in weight
loss. During this 4-week study, there was a trend for weight
reduction among the experimental group. It is unknown whether
the mHealth app influenced weight loss, since the follow-up
time was relatively short, the sample size was limited, and only
self-reported weight data were used.

Limitations and Future Study
This study has some limitations. First, the final sample size was
relatively small. Larger-scale studies are needed to confirm the
findings. Many consented participants, who typically were
young programmers or developers, discontinued the 4-week
study. A next-generation solution should be designed based on
the feedback received, in order to increase compliance. Second,
participants were randomized before they received their
invitations. This may have influenced the difference in the
number of participants between the groups.

Another limitation of the study is that the weight was
self-reported and collected only at the beginning and end of the
study. However, this study targeted an increase in PA, not
weight loss, which may reduce the possibility for bias.

The iGO app was still a prototype with somewhat limited
graphical design and user interface. Some participants may have
failed to connect with others due to the contemporary design
of the mHealth app. PA measured by a smartphone can
underestimate the number of steps, as people may leave their
phone on their office desks. Fewer measured minutes of walking
may result in fewer points and therefore an inaccurate
leaderboard, which could demotivate participants to follow
ranks and points on the leaderboard. Furthermore, the
accelerometer sensor was not installed in some smartphones,
and users were not able to track their steps. Hence, the actual
walking data may be different from the data in the web server.
The measured increase in PA was obtained from questionnaire
data. We used the accelerometer-based step count to calculate
the rewards. However, we did not use the objective PA data for
other purposes in this study.

More features and options could be added, such as socializing
functions and social, fun activities allowing users to interact
with others [69,70]. Adding a gamified social networking
platform [71,72] with more user-friendly social features, such
as a more specific social game element, might allow users to
interact with others via chat messages in the mHealth app. Points
could be awarded and redeemed in schemes such as the Tesco
Clubcard [73,74] and Carrots Rewards App [75]. The iGO app
could have options for users to share each other’s points and
perhaps exchange points for social voucher cards.

Conclusions
In the research for this paper, we conducted a feasibility study
on the mHealth persuasive app for promoting PA in the
workplace. This mHealth app was developed by incorporating
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the SDT theory and applying game design elements. The design
of the app followed the UCD process. A 4-week study was
conducted with a group of office workers. The mHealth app
supported users to increase their PA at the workplace, when
compared with a paper diary. The iGO app fulfilled the SDT
basic needs of autonomy and competence, but not relatedness
(ie, it did not support participants in feeling connected with

others). This study demonstrates how even a simple mHealth
app can help employees increase their PA. The design of the
app appeared to be a successful approach that is viable for future
persuasive apps. Future research should aim to develop the app
further based on users’ feedback and test it on a larger scale,
enabling the critical components within the mHealth intervention
to be studied.
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Abstract

Background: Collaborative privacy-preserving training methods allow for the integration of locally stored private data sets
into machine learning approaches while ensuring confidentiality and nondisclosure.

Objective: In this work we assess the performance of a state-of-the-art neural network approach for the detection of protected
health information in texts trained in a collaborative privacy-preserving way.

Methods: The training adopts distributed selective stochastic gradient descent (ie, it works by exchanging local learning results
achieved on private data sets). Five networks were trained on separated real-world clinical data sets by using the privacy-protecting
protocol. In total, the data sets contain 1304 real longitudinal patient records for 296 patients.

Results: These networks reached a mean F1 value of 0.955. The gold standard centralized training that is based on the union
of all sets and does not take data security into consideration reaches a final value of 0.962.

Conclusions: Using real-world clinical data, our study shows that detection of protected health information can be secured by
collaborative privacy-preserving training. In general, the approach shows the feasibility of deep learning on distributed and
confidential clinical data while ensuring data protection.

(JMIR Form Res 2020;4(5):e14064)   doi:10.2196/14064
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Introduction

Background
Data protection is a major issue in health care, but clinical
research and medical care also rely on high accessibility of
patient data. The problem is aggravated in the context of
data-driven medicine, where the amount of data needed exceeds
the capacity of manual data curation and manual deidentification
that would be necessary to protect patient privacy. In the United
States, the Health Insurance Portability and Accountability Act
of 1996 obliges data curators to remove protected health
information (PHI) from medical records before they are shared
with researchers. The same holds true for many other countries

(see, for instance, §6 GDSG NW [Germany], SI 1438/2002 reg.
7 [England and Wales]). Computer-based data deidentification
primarily needs to solve the task of detecting personal
information like names, phone numbers, locations, etc.
Deidentification systems must meet two opposed interests. To
ensure privacy, they must work with high sensitivity (ie, avoid
overlooking personal data). Additionally, these systems need
to maintain high specificity (ie, avoid removing data
unnecessarily). Otherwise, deidentified texts would contain
little valuable information compared with the original inputs.

Many approaches to finding protected personal information in
health records are based on supervised machine learning [1-3].
Such systems have proven to be very efficient for the
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deidentification task. One presented by Dernoncourt et al [3]
even outperformed other state-of-the-art approaches in 2016.
The general shortcoming of such approaches in this context is
that they depend heavily on labeled training data. These training
data usually consist of original health records containing
personal information. Thus, these data cannot be shared among
researchers for distributed training due to the above-mentioned
problem. Consequently, there are many small training data sets
at medical research institutes which can only be used locally.
An additional challenge arises from the fact that even trained
neural networks (NNs) can be abused to recover PHI that has
been used for training [4,5]. Hence, a trained network for
deidentification cannot be shared with other researchers or the
public without causing a threat to patient privacy.

Related Work
Several systems for the deidentification of PHI have been
presented in the last 20 years. Meystre et al [6] state that most
of the systems introduced before 2010 are rule-based or rely on
pattern matching. The underlying patterns and rules are typically
hand-crafted. Thus, domain experts are needed for the costly
generation of such systems resulting in limited generalizability
[6]. More recent approaches are mainly based on machine
learning or, more precisely, conditional random fields and
support vector machines [7]. For these systems, only features
of the input data must be specified by hand. Several such tools,
however, use additional rules for identifying certain classes of
PHI or postprocessing [1,2,8]. The method proposed by
Dernoncourt et al [3] is one of the first that solely makes use of
NNs and thus is independent of manual feature selection. Liu
et al [9] compare several rule-based and NN-based approaches
to the deidentification task. Moreover, they introduce an
ensemble method that combines these systems.

Collaborative privacy-preserving machine learning has already
been studied by several authors. Many systems introduced in
this field homomorphically encrypt local data and share the
ciphered information for centralized training [10-12]. Thus,
these systems need an authority trusted by all parties to start
encrypted communication. Another issue of cryptographic
centralized training is the cost for encryption and decryption
which can become untenable for high-dimensional data in
practical applications [10]. By using a decentralized training
which obviates the need for sharing individually identifiable
health information, these problems vanish. Chang et al [13]
experimented with several nonparallel distributed training
heuristics. In their proposed framework, local workers conceal
their training data but share full sets of learned network
parameters. According to Shokri and Shmatikov [4], this transfer
of local parameters might still lead to indirect leakage of
personal information. Moreover, Fredrikson et al [5] investigated
model inversion attacks that infer sensitive information included
in the training data from a given trained model. The authors
distinguish between black- versus white-box attacks: black-box
attacks exploit prediction/classification queries via functional
access to a model without knowing its internal details, while
white-box attacks additionally use details of the model (eg,
network topology and weight matrices). Fredrikson et al [5]
demonstrated the feasibility of model inversion attacks
especially in the case of white-box approaches using real-world

data and publicly available trained classifiers. Their experiments
included NNs used for facial recognition. A model inversion
attack was able to reconstruct faces of the training set after
entering the corresponding names, which can well be considered
a relevant violation of privacy.

Hence, we decided to use the collaborative and parallel training
method introduced by Shokri and Shmatikov [4]. It reduces the
risk of indirect leakage and allows the cooperation of institutes
with different computational capacities. For this training scheme,
no encryption or any other data protection is needed except the
local data and computations must be secured. Like most other
collaborative privacy-preserving learning approaches, it only
protects from honest-but-curious adversaries. That means
malicious participants can hamper the learning or even render
it unusable, but they cannot gain information not meant for
them. A similar training approach was used by Liu et al [14].
In contrast to our study, they trained feedforward NNs and
investigated the effect of using mobile devices to conduct the
local training.

Aim of the Study
Our study is aimed at showing the feasibility of a collaborative
privacy-preserving learning approach for deep NNs trained to
detect personal information in real-world clinical data. We
adopted the network topology of the mentioned deidentification
approach described by Dernoncourt et al [3]. To overcome the
problem of small data sets and privacy issues, we used
collaborative privacy-preserving learning suggested by Shokri
and Shmatikov [4]. This technique allows the integration of
many local data sets into the training while minimizing the risk
of leaking protected information. It restricts the training to the
local site of each data provider (ie, own data stay with each
provider) and only relies on the sharing of small fractions of
the local improvements.

We evaluated the performance of the deidentification network
trained in a collaborative and privacy-preserving manner. For
this purpose, we used an existing set of longitudinal clinical
narratives published in the course of the Informatics for
Integrating Biology and the Bedside (i2b2) 2014 deidentification
challenge hosted by the National Center for Biomedical
Computing [7,15] (deidentified clinical records used in this
research were provided by the i2b2 National Center for
Biomedical Computing funded by U54LM008748 and were
originally prepared for the Shared Tasks for Challenges in
Natural Language Processing for Clinical Data organized by
Dr. Özlem Uzuner, i2b2, and the State University of New York).

Methods

Recurrent Neural Network for Deidentification

General Topology and Training Goal
The recurrent neural network (RNN) presented by Dernoncourt
et al [3] is constructed to work on fragments of medical notes.
The computed output is a sequence of labels with each label
corresponding to one term (also called a token) of the input text.
In our adapted version, a label can either be non-PHI or one of
28 PHI classes or subclasses adopted from the definitions of
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the i2b2 deidentification challenge (Table 1). If there is at least
one subclass, the general class is not used as a label.

The network topology shows two different layers. The first layer
consists of long short-term memory (LSTM) RNNs and is called

the character-enhanced token embedding layer. The actual label
assignment is conducted in the label prediction layer seen in
Figure 1.

Table 1. Possible protected health information classes of terms.

SubclassesClass

Patient, clinician, usernameName

—Profession

Hospital, organization, street, city, state, country, zip, otherLocation

—Age

—Date

Phone, fax, email, URL, Internet Protocol addressaContact

Social security numbera, medical record number, health plan number, account numbera, license numbera, vehicle identificationa,
device identification, biometric identification, identification number

Identification

aClasses that are not present in the published data set [7].

Figure 1. Network topology of the recurrent neural network used for deidentification [3].

Preprocessing
During preprocessing, the input text is subdivided into terms ti

which are then transformed into their vector representations xi

∈ 300. For the transformation we use the Word2Vec approach
which can map words into a low-dimensional vector space while
keeping some semantic and syntactic information [16]. This
transformation from word to vector is depicted by the red-dashed
arrows (Figure 1). As a result of the preprocessing, the input
text T = (t1, ... , tn) is available as a sequence of Word2Vec
vectors X = (x1, ... , xn).

In the second preprocessing step, every term ti is further divided
into its individual characters (ti_1, ... , ti_len(ti )). Again, every

character is translated into a vector yi_j ∈ {0,1}128 of low
dimensionality. The translation is represented by blue-dotted
arrows (Figure 1). In contrast to the word embedding, characters
are encoded by a simple one-hot method (ie, by vectors with
exactly one nonzero component). The dimension being nonzero

is obtained by taking the Unicode representation of the
corresponding character if it is smaller than 127. For all other
characters, the last dimension is set to 1. In this way, all ASCII
punctuations and symbols as well as the basic Latin alphabet
can be encoded. All letters are mapped to corresponding one-hot
vectors without taking any syntactic information into account.

To sum up, at the end of the preprocessing there are vectors xi

(word embeddings) representing every input term and vectors
yi_j (character embeddings) each representing one occurrence
of a character.

Character-Enhanced Token Embedding Layer
For every word, the first layer contains an independent instance
of a bidirectional LSTM. Hence, the number of RNNs changes
for every input text.

LSTMs integrate new parts of an input sequence into their
computation in every step. Furthermore, they keep some
information of the already processed prefix of the sequence.
This makes them capable of learning long-term dependencies
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between vectors whose positions in the input are far apart [17].
Mathematically, a general unidirectional LSTM can be described
as follows.

Let Wi, Wc, Wo be three weight matrices and bi, bc, bo be three
bias vectors. These parameters are learned during the training.
If the input sequence equals (z1, ... , zm), the LSTM conducts

m steps. In the tth iteration, the hidden state ht and the memory
state ct are computed using zt, ht-1, and ct-1 as inputs and the
following formulas:

it = σ(Wi · concat(zt, ht-1) + bi + 1)

ct = it ⊙ ct-1 + (1 – it) ⊙ tanh(Wc · concat(zt, ht-1) + bc)

ot = σ(Wo ⋅ concat(zt, ht-1) + bo)

ht = ot ⊙ tanh(ct)

where ⊙ denotes the element-wise multiplication, σ the
element-wise logistic sigmoid function, and tanh the
element-wise hyperbolic tangent function. For the first iteration
the hidden state h0 and the cell state c0 must be initialized
arbitrarily. Sometimes the full sequence of hidden states (h1, ...
, hm) is considered the output of the LSTM and sometimes just
the last hidden state hm is seen as the output.

A bidirectional LSTM consists of two independent unidirectional
LSTMs. The first one works on the original input sequence (z1,
... , zm), whereas the second one computes the output for the
reversed sequence (zm, … , z1).

By combining the two output sequences (h1
for, ... , hmfor) and

(h1
back, ... , hmback) one gets the overall output (concat(h1

for, ...

, h1
back),..., concat(hmfor, ... , hmback)) or concat(hm

for, ... ,

hm
back), respectively.

The token embedding layer contains one bidirectional LSTM
per term ti of the input text. Every such LSTM works on the
corresponding sequence of character embeddings
(yi_1,...,yi_len(ti)). At this stage no information are exchanged
between LSTMs working on different tokens. However, they
all share the same weight matrices and bias vectors. The output

of the ith RNN can be written as i =concat(hi_len(t_i)
for,

hi_len(t_i)
back).

This vector is used as an additional word embedding to
overcome shortcomings of Word2Vec [3]. The presented
computation always leads to a reproducible vector representation
of a token, whereas Word2Vec cannot handle vocabulary that
was not used during training. Moreover, this strategy keeps
more semantic information than pure Word2Vec combined with
a preceding lemmatization step. However, in comparison to the
Word2Vec embedding, those LSTMs compute vectors that do
not contain any information of interword dependencies.

To keep the advantages of both strategies, the two word
embeddings of every token are combined in one vector ei =

concat(xi, i). In summary, it can be stated that for the input
sequence (t1, ... , tn) the character-enhanced token embedding
layer computes the output (e1, ... , en).

Label Prediction Layer
The subsequent layer evaluates the dependencies between
different words of the input text. Again, a bidirectional LSTM
is used for the task. In contrast to the previous layer, only one
LSTM is used independent of the number of tokens. This RNN
uses the output sequence (e1, ... , en) of the previous layer as its
input. The output consists of the full sequence (d1, ... , dn) where

di = concat(h1
for, ... , h1

back).

Every di is further processed by a two-layer, fully connected
feedforward network. The parameters are the same for every
input di and are trained jointly for every sequence (d1, ... , dn).
The network works as follows:

li = tanh(W1 · d1 + b1) hidden layer

ai = softmax(W2 · li + b2) output layer

Thus, the results ai ∈ [0,1]29 can be interpreted as conditional
posterior probabilities of the possible labels given the input
token ti. By choosing label(ti) = argmaxj∈{1,...,29}ai_j, every word
is uniquely assigned one of the 28 PHI classes (Table 1) or the
non-PHI label. The loss is defined pursuant to the cross-entropy
and minimized during training.

Collaborative Training

Aim
The aim of collaborative learning is the integration of many
(private) training sets into the learning process. Note that this
goal is different from the one of distributed training that solely
aims at faster training through the use of several computation
nodes. The following sections summarize three alternative
collaborative approaches: the nonprotective standard method,
a round robin technique, and the privacy-preserving distributed
selective stochastic gradient descent (DSSGD).

Nonprotective Training
The nonconfidential training (Figure 2) relies on central data
processing. The dashed arrows denote the disclosure of the local
training data, which leads to a large central data set. Usually
only one entity controls the training by distributing tasks and
data to workers of a large computing cluster [18]. The jagged
arrow marks the distributed training supervised by the central
server. The server has full control over all data and over the
training procedure. Hence, this method is not suitable for
protecting local data but enables fast training with full
information integration.
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Figure 2. Nonprotected training with shared data.

Semiprotective Round Robin Training
An initial step toward privacy protecting training is to keep
local training data secret and just share the NN that is trained
by applying a round robin algorithm (Figure 3). In a first step,
worker A trains the network using only its local data (jagged
arrow [1]). After it is finished, the trained network is handed to
the second worker (solid arrow [2]) who improves the network
further by training with its local data (jagged arrow [3]). The

other workers contribute analogously until the first training
epoch is finished. Afterward the next round can be conducted
in the same way. This training is similar to the cyclical weight
transfer presented by Chang et al [13].

Although this protocol allows the workers to initially keep the
local data secret, it does not prevent leakage of personal
information through the passing on of the trained network. The
parameters might still reveal parts of confidential information
that have been used for training.
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Figure 3. Semiprotective round robin training with local data.

Distributed Selective Stochastic Gradient Descent
DSSGD enables an exclusively local training and additionally
allows every participant to decide how much information about
local parameters is shared (Figure 4). The following description
of DSSGD solely corresponds to the version used for our
experiments. We would like to point out that there are several
other options suggested by Shokri and Shmatikov [4].

The basic idea of gradient descent in general is to find a (local)
minimum of the loss function by adapting the weights along
their negative gradients. In the fully stochastic version, every
gradient is computed over only one sample at a time. Hereafter,
the phrase stochastic gradient descent refers to this kind of
gradient computation.

Let p be the flattened vector representing all parameters of the
network (ie, Wi, Wc, Wo, bi, bc, bo of both LSTM types and W1,
W2, b1, b2 of the feedforward layers). The cross-entropy error
of the weights with respect to one training text T is defined as

E(p) = –∑i=1,…,n (class(ti)⋅ln(ai))

where class(ti) ∈{0,1}29 is the one-hot representation of the
correct class of token ti.

After the error has been computed in the forward pass, the
gradient of E(p) can be determined in the backward pass using
backpropagation. The individual parameters are then updated
in the following way:

pj = pj – η ⋅ ∂E/∂pj (p)

where η denotes a fixed learning rate.
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Figure 4. Distributed selective stochastic gradient descent with local data.

The peculiarity of DSSGD is that the learning is conducted in
a collaborative fashion but without a central manager (Figure
4). Every participating worker computes error gradients by using
only its local data (jagged arrows). A certain number of local
partial derivatives is shared with the other workers (dotted
arrows) via the central server after every epoch. This fraction
of shared derivatives θ can be set by local data curators. In order
to prevent unwanted divulgation of private information, the
absolute values of shared scalars can be clipped to an
individually defined minimum/maximum γ. Moreover, some
lower bound τ can be chosen to omit sharing updates with
information that is too small. All those additional settings are
unknown to other workers.

The central server is solely used to upload and download subsets
of local derivatives asynchronously. It does not manage the
local workers like a central manager and does not have access
to the local training data.

In the following text, the local training as well as the parameter
exchange is described in more detail. In the beginning, different
parties agree upon a topology of the network and a learning
rate. On this basis, the global weights pglo are initialized at the
server. Beside the single set of weights, the server maintains a
statistic for every weight indicating how often it has been
updated by workers.

Figure 5 summarizes the work conducted by one single worker
where D denotes the local training set. In the beginning, a
worker builds a local copy of the network collectively agreed
upon. Additionally, the local learning rate is set to the globally
fixed value. A single epoch of the local training begins with the
download of a subset of the global weights. The size of this set
is specified by the local hyperparameter θd. The θd ⋅ len(pglo)
parameters with the highest global update statistics are chosen
for the download. By adjusting θd, the worker can decide how
much other workers can influence its final result. In the
subsequent step, simple stochastic gradient descent is used to
improve local weights. After one epoch, the weight updates that
are sent to the server are chosen. For this purpose, the first step
is to check for every update whether its absolute value exceeds
the threshold τ determined in the beginning. If this is not the
case, this single update value is not communicated. Second, the
remaining updates are clamped to the interval [–γ,+γ]. The third
and last part of the selection process is based on randomness.
To meet the upload rate θu, the set of possible updates is sampled
uniformly at random. The training is ended when a minimum
or any other stopping criterion is reached. A comprehensive
assessment of the passive protection assured by the presented
method can be found in the original paper [4].
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Figure 5. Local training procedure [4].

Experiments
To evaluate the performance of the network for deidentification
and the different training methods, we used a data set also used
by Dernoncourt et al [3] for training the noncollaborative
version. The basis of this data set is 1304 real longitudinal
patient records for 296 diabetic patients provided by Partners
Healthcare and adapted by Stubbs and Uzuner [15] for the 2014
i2b2 deidentification challenge. These notes were collected at
different hospitals and are written in natural language (English)
by caregivers to document or communicate patients’ medical
history, physical and mental state, prescriptions, and other
events. During the generation of this gold standard set, several
human annotators marked critical PHI in the notes, which was
later replaced by realistic surrogate data. Names, for example,
have been replaced by imaginary names. See Stubbs and Uzuner
[15] for a detailed description of the data set and the replacement
methods.

The full training subset contains around 598,000 tokens with
approximately 17,000 instances of PHI, while the subset used
for testing consists of approximately 387,000 tokens including
more than 11,000 instances of PHI. Records of patients
represented in the training set are not contained in the test set.
Due to the class imbalance, the F1 measure was used to quantify
performances during experiments.

For the tokenization of the data sets, we made use of the tokenize
package published as part of the Natural Language Toolkit. The
Word2Vec embedding was generated with the help of the
Gensim library and was trained on all English Wikipedia articles
available in the beginning of November 2018. All networks
were implemented with the help of the open source software
library TensorFlow. We used graphics processing unit support
based on the CUDA platform to accelerate training.

The first experiment (A) was conducted to get baseline results.
We trained one RNN as described in section Recurrent Neural
Network for deidentification using the full training data set.
This training corresponds to the nonprotective case outlined in

section Nonprotective Training. Plain stochastic gradient descent
with a learning rate of 0.9 was used for the optimization. After
every epoch, the performance was determined with respect to
the test set. The hidden states, the cell states, and the biases of
LSTMs used in the token embedding layer were of size 128.

Thus, the weight matrices were in space 128×256 and ei ∈ 556.
During training, dropout with probability 0.5 was applied to the
sequence (e1,..., en) to counteract overfitting that might have
been introduced by the large number of training epochs. The
single LSTM of the label prediction layer held parameter vectors
that were all of size 100 and hence output the sequence (d1,...,

dn) with di ∈ 200. For the final two feedforward layers, the

weights were W1 ∈ 100×200 and W1 ∈ 29×100.

Experiment B was performed according to the description in
section Semiprotective Round Robin Training. The full training
set was subdivided into 5 disjoint private sets of similar size.
All records of one patient were kept in the same subset. The
training was performed in a round robin fashion using stochastic
gradient descent with a learning rate of 0.9 at each worker. The
test set was, as in all experiments, left untouched and tested
against after every full epoch (ie, after 5 local epochs).

In a third experiment (C_0.1), the collaborative
privacy-preserving training (Distributed Selective Stochastic
Gradient Descent section) was tested. For this purpose, the
global network topology was chosen, as in the previous
experiments. We trained 5 RNNs collaboratively that
asynchronously shared some of their weight updates. The
training data were distributed as in experiment B. In contrast
to the previous experiment, the nets were tested against the
global test set after every local epoch, since there is no global
epoch in this setup.

Thus, there are 5 results for every epoch. The training
hyperparameters for all nets were θd=0.1, θu=0.5, γ=10,
τ=0.0001, while the global learning rate of DSSGD was set to
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0.9. Afterward we conducted a similar experiment with the only
difference being that θd was set to 0.5 (experiment C_0.5).

Experiment D was run in the same way as experiment C_0.1
except for the fact that this time the 5 networks did not

communicate at all and just trained on their local sets. Again,
we made use of simple stochastic gradient descent with a
learning rate of 0.9. A summary of all experiments can be found
in Table 2.

Table 2. Summary of the experiments.

Learning strategyName

Centralized training using stochastic gradient descent (learning rate: 0.9)A

Collaborative training of 5 workers using the round robin method (learning rate: 0.9)B

Collaborative privacy preserving training of 5 workers with DSSGDa (θd = 0.1, θu = 0.5, γ = 10, τ = 0.0001; learning rate: 0.9)C_0.1

Collaborative privacy preserving training of 5 workers with DSSGD (θd = 0.5, θu = 0.5, γ = 10, τ = 0.0001; learning rate: 0.9)C_0.5

Local training without collaboration of 5 workers using stochastic gradient descentD

aDSSGD: distributed selective stochastic gradient descent.

Results

To obtain results that can be compared to the outcomes achieved
by Dernoncourt et al [3], we adopted their scoring. Thus, every
token labeled as PHI by the network was considered a true
positive result if and only if this token was actually some PHI.
The scoring, therefore, does not consider the PHI classes but
only the decision PHI versus non-PHI.

In all experiments the nets underwent 200 epochs of training.
The illustration on the left in Figure 6 depicts the development
of F1 scores achieved on the test set. The black line corresponds

to experiment A and the magenta one to experiment B. Note
that both lines are very similar and partially overlap. For the
other experiments, there are 5 results per time point. The solid
green line depicts the mean F1 values achieved in experiment
C_0.1, while the area colored in green indicates the full range
in which the values fell. Similarly, the results of experiment D
are represented. For these measurements, the color red was used.
For reasons of clarity, the results of experiment C_0.5 are
depicted in the image on the right. Again, these results are shown
in green. The remaining lines are the same as in the illustration
on the left. The final scores are given in Table 3.

Figure 6. Performances achieved on the test set during the experiments including C_0.1 (left) or C_0.5 (right).

Table 3. Scores after 200 training epochs.

F1Experiment

MaximumMeanMinimum

—0.962—A

—0.961—B

0.9560.9550.955C_0.1

0.9440.8400.694C_0.5

0.9110.9050.900D

JMIR Form Res 2020 | vol. 4 | iss. 5 |e14064 | p.25https://formative.jmir.org/2020/5/e14064
(page number not for citation purposes)

Festag & SpreckelsenJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Discussion

Using real-world clinical data, our study shows that collaborative
privacy-preserving training enables a NN-based detection of
PHI in clinical free-text records. The approach, thus, solves the
dilemma of requiring machine learning techniques for easily
adapting a PHI detection system to heterogeneous clinical
documentation while avoiding disclosure of locally stored
patient data.

Comparisons of the results achieved by the networks trained
with plain stochastic gradient descent (A and D) underline the
intuitive assumption that larger training data sets lead to better
performances.

The similarity between the results of experiments A and B
originates from the fact that both training methods are equivalent
except for the kind of shuffling of samples during training. If
the only aim is to keep the exact local data private and not to
protect as much private information as possible, the round robin
technique (or cyclic weight transfer) is the best choice. If,
however, a real privacy-preserving collaborative learning
mechanism is need as in the presented medical domain, DSSGD
is the correct training algorithm. It offers both privacy

preservation and good performance. The results of experiments
C_0.1 and D show that a lack of sufficiently large local training
data sets can be compensated by applying collaborative
privacy-preserving training based on DSSGD. This finding is
in line with the observations made by Shokri and Shmatikov
[4] and the results obtained by Liu et al [14] who tested the
protocol with some smaller nonrecurrent neural networks. By
applying the collaborative training, all workers reach similar
outcomes rapidly. After 25 epochs, all nets perform better than
the ones trained with the corresponding noncollaborative version
(D). The local F1 values all tend to the results achieved in the
centralized version (A). During all experiments, a rather high
learning rate was used that might have led to nonoptimal
solutions. However, since it was kept constant throughout all 5
experiments, the insights gained by comparison are still valid.
Another shortcoming of our experiments is that the γ value was
set without using a calibrating data set as is suggested by Shokri
and Shmatikov [4].

During experiments C_0.1 and C_0.5, the importance of
well-chosen communication parameters θu, θd became apparent.
If the download rate is set to high, the global results interfere
too much with local training sessions. This leads to high
fluctuations and prevents the local weights from converging.
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Abstract

Background: Electronic health (eHealth) programs are often based on protocols developed for the original face-to-face therapies.
However, in practice, therapists and patients may not always follow the original therapy protocols. This form of personalization
may also interfere with the intended implementation and effects of eHealth interventions if designers do not take these practices
into account.

Objective: The aim of this explorative study was to gain insights into the personalization practices of therapists and patients
using cognitive behavioral therapy, one of the most commonly applied types of psychotherapy, in a youth addiction care center
as a case context.

Methods: Focus group discussions were conducted asking therapists and patients to estimate the extent to which a therapy
protocol was followed and about the type and reasons for personalization of a given therapy protocol. A total of 7 focus group
sessions were organized involving therapists and patients. We used a commonly applied protocol for cognitive behavioral therapy
as a therapy protocol example in youth mental health care. The first focus group discussions aimed at assessing the extent to
which patients (N=5) or therapists (N=6) adapted the protocol. The second focus group discussions aimed at estimating the extent
to which the therapy protocol is applied and personalized based on findings from the first focus groups to gain further qualitative
insight into the reasons for personalization with groups of therapists and patients together (N=7). Qualitative data were analyzed
using thematic analysis.

Results: Therapists used the protocol as a “toolbox” comprising different therapy tools, and personalized the protocol to enhance
the therapeutic alliance and based on their therapy-provision experiences. Therapists estimated that they strictly follow 48% of
the protocol, adapt 30%, and replace 22% by other nonprotocol therapeutic components. Patients personalized their own therapy
to conform the assignments to their daily lives and routines, and to reduce their levels of stress and worry. Patients estimated that
29% of the provided therapy had been strictly followed by the therapist, 48% had been adjusted, and 23% had been replaced by
other nonprotocol therapeutic components.

Conclusions: A standard cognitive behavioral therapy protocol is not strictly and fully applied but is mainly personalized. Based
on these results, the following recommendations for eHealth designers are proposed to enhance alignment of eHealth to therapeutic
practice and implementation: (1) study and copy at least the applied parts of a protocol, (2) co-design eHealth with therapists and
patients so they can allocate the components that should be open for user customization, and (3) investigate if components of the
therapy protocol that are not applied should remain part of the eHealth applied. To best generate this information, we suggest
that eHealth designers should collaborate with therapists, patients, protocol developers, and mental health care managers during
the development process.
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Introduction

Adequate treatment is needed to reduce the risk of adolescents
developing adverse consequences due to mental health disorders
(eg, [1,2]). Therapy protocols contribute to the implementation
of evidence-based therapeutic practice and help therapists to
structure their face-to-face therapy sessions [3]. Although
psychosocial therapies are effective in reducing psychiatric
symptoms in adolescents with mental disorders, the available
therapies show only modest effects and not all adolescents
benefit [4,5]. The use of information and communication
technologies in therapeutic practice, including electronic health
(eHealth) interventions, in the delivery of (mental) health care
[6] is a promising means to improve patient engagement and
therapeutic effectiveness (eg, [7-9]).

The therapy protocols that form the basis for face-to-face
therapies are typically used as a basis for the design of eHealth
strategies [10]. Therapy protocols play a large role in the success
of evidence-based therapies [11], and therefore their
implementation is recommended as much as possible. However,
both therapists and patients can personalize or only partly apply
a therapy protocol in therapeutic practice (eg, [12-17]). For
example, therapists might consider that following therapy
protocols can be a hindrance to forming a strong therapeutic
alliance [18]. Moreover, strict adherence to protocols may be
perceived to come at the expense of building trust between a
patient and therapist, which is an indicator for positive therapy
outcomes by allowing them to work together in an effective
way [19].

The gap between therapy protocols and their implementation
in therapeutic practice has serious consequences for eHealth
design. If the possibilities of personalization in therapeutic
practices are not taken into account during the design stage,
eHealth may not suit current therapy practice, thereby severely
limiting its implementation. This can occur when eHealth does
not suit how therapists use the therapy protocol or if therapists
have negative expectations about the benefits of eHealth
compared to face-to-face therapy [20-22]. Indeed, many eHealth
interventions have failed to integrate personalization to the
individual user in the design [23].

To align eHealth to the reality of therapeutic practice, it is
important to understand the content of the existing therapy
protocols and how they are applied in practice by both therapists
and patients. Designers of eHealth can then use this information
to ensure that eHealth matches the needs of therapeutic practice,
consequently improving the quality and enhancing the
implementation potential of the intervention. Toward this goal,
the aim of this explorative study was to gain insight into
personalization practices in a mental health care context and
provide recommendations to eHealth designers on how they

can best access and involve the need for protocol personalization
in eHealth design. To achieve this, we examined therapists’ and
patients’perceptions of protocol application in a youth addiction
treatment facility as a case study by generating both quantitative
and qualitative data. First, we conducted focus groups to assess
the extent to which therapists and patients personalized and
applied a common therapeutic protocol in therapeutic practice.
Second, we conducted focus groups with patients and therapists
together to assess the degree to which they applied and
personalized the therapy using the quantitative data generated
from the first focus group as input for discussion.

Methods

Therapy Protocol
The commonly applied protocol for cognitive behavioral therapy
(CBT) in adolescent addiction care was used as a case protocol
[24]. The protocol consists of 9 sessions, followed by 4 “sessions
of choice” (selected from 7 optional sessions in consensus with
patients). In each session, patients set specific short-term goals
with regard to the therapeutic homework. Part of the therapy
protocol is a therapy workbook that patients can bring home
and to therapy sessions. The activities described in the workbook
correspond to the content of therapy sessions.

Procedure
We conducted semistructured focus group sessions in two phases
at two locations of one large outpatient treatment facility center
for adolescent addiction care in the Netherlands (see Table 1).
The aim of the first phase was to investigate therapists’ and
patients’ estimations of the amount and type of protocol
personalization.

Therapists estimated how much of their therapy consisted of a
strictly followed and adapted therapy protocol and patients
indicated how much of the therapy provided by their therapist
they strictly followed and adapted. Of note, the patient could
be receiving a personalized therapy protocol in practice. Both
the therapists and patients also indicated how much other
(nonprotocol) therapeutic components were added in practice,
which were represented by percentages for a total of 100% (ie,
the whole therapy). The second phase involved an independent
group of therapists and patients who did not participate in the
first phase, in which the results of the first phase were applied
to the discussion to gain insight into the reasons for
personalization. Participants were brought together with a
moderator (the first author MvD) for a discussion lasting 1 hour.
Before starting the group discussions, the participants provided
informed consent and the concept of personalization was
explained (ie, changing a designed end product such as a therapy
protocol to match the needs and capacities of the end user and
enhance effectivity of the product [25]).
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Table 1. Setup of the focus group sessions with therapists and patients on protocol application and personalization.

ParticipantsPhaseGoal

Group discussion with therapists (location A N=3, location
B N=3), group discussion with patients (location A N=2,
location B N=2), and interview with a patient (N=1, location
B).

1Generate information with separate groups of either therapists or patients
about how much of their therapy consisted of a strictly followed therapy
protocol, adapted therapy protocol, and added therapeutic parts.

One mixed group discussion with a therapist and two patients
at location A and one mixed group discussion with two
therapists and two patients at location B.

2Joint evaluation of the results from Phase 1 with combined groups of both
patients and therapists.

Participants
We invited experienced therapists who received training in the
CBT protocol to participate in focus group sessions. Patients,
who were at least 18 years old and receiving CBT, were
recruited by their therapists to participate in the study. Therapists
received an information leaflet to inform their patients about
the study. A therapist informed us if a patient wanted to
participate. In turn, we contacted the patient to schedule an
appointment for the focus group discussion. In the first phase,
6 therapists (3 women, 3 men) and 5 patients (1 woman, 4 men)
participated. In the second phase, 3 therapists (1 man, 2 women)
and 4 patients (1 woman, 3 men) participated. All interviews
took place at the youth mental health care facility.

Data Analysis
The data are presented according to the standards of reporting
qualitative research proposed by O’Brien et al [26]. We used
thematic analysis instead of grounded theory to analyze the
data. With grounded theory, the goal is to generate an
exploratory and overarching framework or theory [27], which
was not the goal of this study. Alternatively, with thematic
analysis, the themes are derived from the data [28-30], which
can offer direct guidance for eHealth designers. We focused on
the phases described by Braun and Clarke [28] for data analysis.
The interviewer (MvD) is a PhD candidate with two masters
degrees in clinical and health psychology. She is therefore
qualified in conducting qualitative interviews, and did not have
any assumptions or prior relationships with the participants
before the discussions. All interviews took place at the youth
mental health care facilities of the therapists and patients.
Experienced therapists were invited to participate in the study.
They had to be trained in the new CBT protocol that was the
focus of the study. Patients who had received CBT were
informed about and invited to participate in the focus group
discussions by their therapists. In this way, more patients were
informed about the study, which enhanced the chance that more
patients would be willing to participate. After the patients
provided consent to participate, the researcher contacted the
patient by phone to ensure that they clearly understood the study
and to make an appointment for the focus group discussion.

We received formal ethics approval from the Human Research
Ethics Committee of the Delft University of Technology in the
Netherlands. All discussions were recorded with an audio
recording device after receiving verbal consent from
participants. Quantitative data were saved with only a link to
the type of participant (ie, therapist or patient). All focus group
sessions took 1 hour each and were audio recorded and

transcribed by one author (MvD). Interview guides were used
during the discussions, and field notes were taken both during
and after the discussions.

After transcribing the data, all recordings were checked again
to ensure the accuracy of the transcripts in line with the
recommendations of O’Brien et al [26]. All of the transcripts
were then reviewed multiple times before coding the data by
the same author (MvD). This ensured that the themes generated
from the codes were not based on only a few examples. Similar
themes were grouped together into higher-level themes. When
analyzing the data, the themes were linked to each other,
ensuring a coherent story. Sufficient time was allocated to
analyze the data adequately.

The fourth topic of O’Brien et al [26] focuses on the results
(topics 16 and 17) that are described in the following section.
Supportive quotes were chosen to substantiate analytic findings.
This was followed by the fifth topic that describes the discussion
section (topics 18 and 19) and the “other” topic that deals with
conflicts of interests and funding (topics 20 and 21).

Results

Phase 1: Focus Group Sessions With Therapists
Therapists indicated that they strictly applied 30%-75% (mean
48%) of the therapy protocol and adapted between 10% and
50% (mean 30%) of the therapy protocol. They further reported
adding 10%–33% (mean 22%) nonprotocol-related therapeutic
components. The percentages of one therapist were excluded
because the percentages of strict application and personalization
overlapped.

We first scrutinized the quotes several times and generated
codes from the quotes that focused on reasons for therapists
choosing to personalize the therapy protocol. These codes
referred to therapists who personalized the protocol based on a
patient’s needs (“Tweaking works the best, adapting [the
therapy] to where the patient is”: Therapist 1A); what they
thought would be more beneficial for the patient (“It is more
related to whether they have stopped [using substances] than
focusing on cravings. Also, if they already went to therapy
before, elements considered to be repetitive are removed”:
Therapist 2A); and because therapists were aware of other
therapy protocols that could help patients with different
problems at the same time (“I also give group therapy, and some
elements that I notice work [during group therapy] I also use
during individual therapy”: Therapist 1B). In addition, the codes
reflected that therapists personalized the protocol to enhance
the therapeutic alliance (“Much is related to the connection, the
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therapeutic alliance is important so I invest a lot of time in
building one”: Therapist 1B). Further analysis of the codes
resulted in higher-level themes.

The main theme derived from the codes of the therapists was
that they used the protocol as a “toolbox” (ie, a bundle of therapy
tools that they could choose from). The code that did not fit this
main theme focused on adding elements from other therapy
protocols. However, all therapists mentioned that they did not
apply the order of the therapy protocol in a strict manner. The
protocol was not considered as a step-by-step manual but rather
as a manual comprising all possible interventions: “I do not use
the CBT toolbox as a step-by-step manual but I can choose
interventions from the toolbox that I find relevant” (Therapist
1B). Three subthemes were derived: therapists who personalized
based on what they thought their patient needed, on their own
therapy-provision experiences, or because they thought it
enhanced the therapeutic alliance.

The first subtheme under the grand toolbox theme consisted of
therapists who personalized the therapy protocol based on what
they thought their patient needed. They considered that by
adapting the therapy, their patients would be better prepared to
handle specific situations. This was influenced by the (possibly
difficult) situations that patients experienced prior to the therapy
session (eg, had an argument with their parents), how the
motivation of patients could change their behavior, and if
patients understood all elements of the therapy protocol. For
example, therapists tried to enhance the trust of patients by
ensuring them that they could achieve the goals they set or by
mainly focusing on the homework that a patient did well instead
of focusing on the homework that a patient did not do well:

What is important for patients, such as dealing with
social pressure. In general, I follow the therapy
protocol but if you notice that patients have difficulties
with it [social pressure] you focus on that. [Therapist
3A]

The second subtheme to the grand toolbox theme consisted of
therapists who personalized the therapy protocol based on their
own therapy-providing experiences. During the discussions,
they commented that they might not apply or only partly apply
the workbook to prevent their patients from experiencing
feelings of failure, since patients generally forget to bring it to
therapy or fill in the homework assignments. Therapists thought
that not applying the workbook prevented their patients from
experiencing feelings of failure:

I always estimate if they [the patient] are the type of
person that can do homework at home, if they [the
patient] are someone who will really do it [the
homework], you want to prevent experiences of
failure. [Therapist 3B]

In addition, more experienced therapists have more knowledge
of and experience with other types of therapy protocols.
Therefore, more experienced therapists tend to apply elements
from other therapy protocols during therapy more often
compared to less experienced therapists.

The third subtheme to the grand toolbox theme consisted of
therapists who personalized the therapy protocol because they
thought it would enhance the therapeutic alliance:

It depends on the connection [between me and the
patient]. The therapeutic alliance is important, on
which I spend a lot of time. [Therapist 1B]

They would try to work on the bond with a patient by focusing
more on the positive steps a patient made rather than focusing
on what a patient did not do. In addition, this was expected to
enhance the motivation of patients to continue with therapy and
try to achieve the tasks they agreed on.

Phase 1: Focus Group Sessions With Patients
Patients indicated that they strictly applied 12%-65% (mean
29%) of the therapy provided by their therapist, adapted between
9%-64% (mean 48%), and added between 18%-26% (mean
23%). The percentages of one patient were excluded, because
the percentages of strict application and personalization
overlapped.

After scrutinizing the quotes several times, we generated codes
that focused on reasons for patients choosing to personalize
their therapy. These codes referred to patients who personalized
how they achieved their homework because they preferred to
personalize the tasks, “Actually I try to think of some rules for
myself” (Patient 1B), and because they were somewhat careless
and forgot to complete their homework, “It is quite hard to keep
up with it and it is not really in my routine, like brushing my
teeth” (Patient 2A). In addition, the personalization of patients
was influenced by the connection they had with their therapist:
“The connection you have with your therapist influences how
well therapy works” (Patient 2A). We went through the codes
again, resulting in higher-level themes.

The main theme that was derived from the codes of the patients
was that they personalized the therapy based on their own
situation. The code that did not match the main theme focused
on personalization of therapy by the therapists. Even though
therapists and patients decided on the homework the patient
would work on together, all patients mentioned that they
personalized their homework. Two subthemes were derived:
personalization to better match therapy with the daily life of the
patient, and personalization that was influenced by the varying
motivation of patients.

The first subtheme to the grand own situation theme focused
on patients who mentioned that they personalized their therapy
to better match the therapy with their daily lives. That is, they
personalized the therapy to achieve a better match with their
own situation, personality, and preferences. This helped to
reduce their feelings of stress and worry:

I always change it [doing the homework assignments]
a little bit so that it is in line with my personality and
how I want to be seen by others. [Patient 2A]

…It is the intention [to do the workbook assignments],
but I don’t do it. I would rather talk about it
[cravings] than write these experiences down. [Patient
1B]
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The second subtheme to the grand own situation theme consisted
of patients who mentioned that the extent of their personalization
was influenced by their varying motivation. In some cases, they
simply did not want to or forgot to do the homework
assignments. In addition, a relapse could influence the
motivation to continue therapy in either a positive or a negative
way: “Sometimes, I just do not feel like doing it [workbook
assignments] and I just do not do it” (Patient 1A). One patient
said that doing the workbook assignments for a longer period
of time helped him to generate insights into his triggers for

cravings. The therapeutic alliance influenced their motivation,
mainly because a therapist would put things into perspective
(including when a patient had a relapse).

Along with the thematic analysis, we analyzed the quantitative
data of the patients and therapists. All of the percentages related
to therapy protocol application and personalization by therapist
and patients are combined in Figure 1, and these data were used
in the second phase of the focus group discussions with a
separate group of patients and therapists together.

Figure 1. Range and median percentage of cognitive behavioral therapy application by therapists and patients.

Phase 2: Focus Group Sessions With Both Patients and
Therapists
We first analyzed the quotes that focused on reasons for patients
and therapists to personalize the therapy protocol and generated
codes from these quotes. The codes of the therapists referred to
personalization aimed at maintaining or enhancing the
motivation of patients, to work on a connection of trust with
their patient, and to align the therapy to the problem of the
patient. The codes of the patients referred to personalization by
discussing what was happening in their life during a therapy
session, and personalization of homework based on how they
felt during therapy and at home. Further analysis of the codes
resulted in higher-level themes.

Since therapists reported that they always personalize the
therapy to some extent, most therapists and some patients had
expected more personalization. One therapist thought that
therapists could also have interpreted a strict therapy protocol
application from the guideline, meaning that therapists did not
apply the detailed and precise content of the therapy protocol
sessions but rather used the content to assist them in making
decisions about which elements of the therapy protocol sessions
would be most appropriate for a given case: “I think that the

therapists do follow the therapy protocol as a guideline, but that
they noted this [strict application] down as applying it in an
unchanged way” (Therapist 5B). Other themes derived from
the codes in the second phase focused on enhancing the
therapeutic alliance and on personalization based on the
experience of therapists.

The first main theme of therapists derived from the quotes
focused on enhancing the therapeutic alliance: “Aligning to the
need of the other [the patient] and small talk [with the patient]
contributes to the personal connection with a therapist, which
contributes to a more personal relationship that is needed to
create openness and allowing a patient to accept help from a
therapist” (Therapist 4B). Fostering an alliance was seen as
crucial in order for a patient to trust the therapist and work
together to solve the problem of the patient. Two subthemes
were derived: personalization based on the individual situation
of a patient and keeping or enhancing the motivation of a patient.

The first subtheme to the grand therapeutic alliance theme
focused on the individual situation of a patient. In general,
therapists first focus on the individual situation of a patient,
followed by the relevant therapy protocol session that best suits
the situation. They could also apply elements from different
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therapy protocols when a patient had other psychological
problems. In this way, patients were helped with all of their
problems at the same time: “The patients often have multiple
problems, so you have anxiety and mood protocols, or other
ones” (Therapist 4B).

The second subtheme to the grand therapeutic alliance theme
focused on keeping or enhancing the motivation of patients.
They either did or did not apply the therapy workbook, mainly
to prevent experiences of failure and maintain motivation to
adhere to therapy if a patient forgets the workbook: “You also
have to prevent that it [filling in the workbook] becomes a
failing experience…they can think, well if I can’t even do that
well…” (Therapist 4B). In addition, therapists applied
motivational interviewing to enhance the motivation of patients:
“It is part of the attitude as a therapist that you are empathetic,
you listen and align” (Therapist 4B).

The therapy protocol helped therapists to structure the therapy,
but therapists differed in their opinion regarding protocol
application. One therapist from location A followed the therapy
protocol as strictly as possible, whereas another therapist from
location B only used the therapy protocol to guide the therapy
sessions. The therapist from location A mentioned that the
therapy protocols helped to provide guidance to the therapy
sessions, whereas the therapist from location B found it more
important to focus on the situation of a patient.

The second grand theme of the therapists focused on the
experience of therapists that influenced the amount of
personalization. More experienced therapists often have
experience with different therapy protocols, since therapy
protocols often change or improve over time. This increased
their knowledge, preferences, and possibilities to personalize
therapy protocols compared to less experienced therapists.
Therefore, two therapists mentioned that the experience of
therapists could also influence therapy protocol application and
personalization.

Based on the quotes of the patients, we derived two main
themes. The first grand theme focused on personalization based
on their own personal situation. They personalized their
homework based on possible relapses and how they felt:

I had to do exposure exercises once a day. But if I do
not feel well, it does not work and I’m not going to
let myself feel worse by doing another exercise.
[Patient 4B]

The second grand theme focused on personalization based on
the personal preferences of patients. The strategies applied to
work on their therapy and prepare for a therapy session differed
among patients based on their personal preferences, such as by
shutting down the mobile phone when starting therapy or
working on assignments on a computer instead of in the
workbook. The main themes and subthemes emerging from
both phases of the discussion groups are summarized in Table
2.

Table 2. Themes and subthemes of the focus group discussions with therapists and patients.

SubthemesMain themeParticipant

Personalization based on patient needs; personalization based on
own therapy-provision experiences; personalization to enhance
therapeutic alliance

Use protocol as a toolboxTherapists: Phase 1

Personalization to better match therapy with daily lives; personaliza-
tion influenced by varying motivation

Personalization based on own situationPatients: Phase 1

Personalization based on the individual situation of a patient; person-
alization to maintain or enhance the motivation of patient

Personalization to enhance therapeutic alliance;
personalization based on experience

Therapists: Phase 2

NonePersonalization based on personal situation;
personalization based on personal preferences

Patients: Phase 2

Discussion

Principal Findings
Existing research focusing on the effect of eHealth in mental
health care suggests overall small to medium effect sizes
[7,8,31-33]. Moreover, research suggests that combining eHealth
with therapist contact (ie, blended eHealth) is more effective
compared to fully online eHealth without therapist contact
[9,34]. One main contributor to the effectiveness of eHealth is
that it can extend the reach of psychological therapy beyond
the clinical setting, as the technologies can be used anytime and
anywhere [35,36]. eHealth designers typically use the therapy
protocols of evidence-based face-to-face therapies as a basis
for the design of eHealth. However, not all parts of therapy
protocols are always applied in therapeutic practice [16,37]. If
eHealth designers do not take this into account, the designed

eHealth might not optimally fit the existing therapeutic practice,
which will consequently impede implementation and motivation
to adopt the eHealth by both therapists and patients. In the
present study, we analyzed the proportion, type, and reasons
for personalization of a given therapy protocol by therapists
and patients in focus group studies.

The results showed that the therapy protocol is not fully applied
in clinical practice but is also personalized (see Table 2), which
is in line with previous studies [13,38]. The available therapy
protocol is thus only one factor considered in a therapeutic
process. Other factors that influence the therapeutic process are
the personalization practices of therapists based on the needs
of a patient, motivation of a patient, therapy-provision
experiences of therapists, and the therapeutic alliance between
the therapist and patient. Therapists estimated that they only
strictly followed 48% of the protocol, adapted 30% of the
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protocol, and replaced 22% of the protocol by other nonprotocol
therapeutic components such as other therapy protocol elements.
Other personalization practices that influence the amount of
therapy protocol application is personalization of patients to
better match the therapy with their daily lives, personal
situations, and preferences, which was also influenced by their
varying motivation. Patients estimated that they strictly followed
29% of the therapy assigned, 48% of which was adapted, and
they estimated that they replaced 23% of the therapy by other
nontherapeutic elements.

It is important to mention the clear difference in personalization
between therapists and patients. The estimations of patients and
therapists regarding their amount of personalization are not only
different because they may personalize less or more but also
because of their own share in the personalization process.
Therapists already personalize a therapy protocol, and their
patients further personalize the elements provided according to
their daily lives. Moreover, therapists are aware of the entire
content of the therapy protocol, whereas patients are not. Since
therapists provide the patient with a partly personalized therapy,
patients can never fully know the entire possible content of a
therapy protocol and have less personalization options of the
standard therapy protocol. For example, therapists often
mentioned that they did not use the therapy workbook to avoid
patients from experiencing feelings of failure if they either did
not do the homework assignments or forgot to bring the
workbook to therapy. However, by doing so, they also prevented
patients from trying to execute the homework assignments in
their workbook. Moreover, personalization by therapists can
have both positive, neutral, and negative effects [39-42]. For
example, the elements that are personalized by a therapist or
how a therapist personalizes specific protocol elements may
not match with the preferences of a patient. This may influence
the alignment of the therapy to a patient and may possibly lower
motivation of a patient to adhere to the therapy. In general, most
therapists in the second phase had expected that therapists would
personalize more than suggested by the estimated percentages
of protocol application from therapists in the first phase. A
previous study that only focused on personalization by therapists
found that therapists personalize more than our results suggest
[43]. A possible explanation for this difference is that the
previous study aimed at assessing all types of activities in the
general psychotherapeutic practice of eating disorders, whereas
we focused specifically on the personalization practices of both
patients and therapists using a CBT protocol in youth addiction
care as a case protocol.

Implications and Recommendations
The results of our study have important implications for eHealth
clients and eHealth developers by providing insight into the
protocol elements in eHealth that should and should not be open
for personalization to facilitate implementation and patient
engagement. Designers can implement the personalization
practices by focusing on the function that personalization has
in therapeutic practice (ie, enhancing the motivation of patients
to adhere to the therapy). However, since personalization may
have both positive and negative therapeutic effects, it is
important to know what elements are crucial to apply in practice
to enhance therapeutic effects. This is particularly relevant since

design can influence and enhance motivation to adhere to or
execute specific behaviors. One such example is the application
of motivating elements from entertainment games (also called
“gamification”). Gamification design has shown potential in
health care, and in mental health care in particular [44-46], such
as by improving healthy behaviors [46-57]. Based on the results
of this study, it is recommended that eHealth designers: (1)
study and copy at least the actual applied parts of a therapy
protocol in eHealth, (2) co-design eHealth with therapists and
patients so they can allocate the components that should be open
for user customization, and (3) investigate if components of the
therapy protocol that are not actually applied by therapists or
patients should remain part of the eHealth. Without such
considerations, implementation would be negatively impacted
owing to a mismatch from the habits of therapists [20] or the
complexity of mental problems that patients experience [58].
In addition, validation studies of therapy protocols should focus
on the actual application of these protocols in therapeutic
practice, which can be considered to be generally overestimated
[18,59,60]. This may in turn overestimate the benefit of therapy
protocols to therapeutic effects. Below, we elaborate on these
three recommendations.

With regard to the first recommendation, our study showed that
therapists and patients do not fully apply the therapy protocol.
This information should be generated and implemented in the
second product design phase of a personalized design process
[25]. In this phase, stakeholders such as therapists, patients, and
protocol developers can be involved to ensure that the design
of the product is suitable to support the user during therapy,
that it is technically possible to use during therapy, and that the
eHealth design suits the therapeutic practice of a treatment
center. In this phase, the information of the applied therapy
protocol elements by therapists and patients is generated so that
eHealth designers can at least copy these components in the
eHealth. One method of generating this information is to record
therapy sessions of patients with therapists. Therapy protocol
developers can then listen to these recordings and rate the parts
of a therapy protocol that are applied in therapeutic practice.

As a second recommendation, the results of our study showed
that therapists and patients personalized the therapy protocol
by adjusting specific protocol components and adding other
(nonprotocol) therapeutic components. Understanding why and
how therapists and patients personalize a therapeutic protocol
is important information for eHealth designers to select the
components of eHealth that should be open to personalization
for therapists and patients. This information can be generated
and implemented in the last tailoring phase of a personalized
design process [25] with patients and for more and less
experienced therapists. In this phase, the designed product is
tailored to the individual user using two main types of tailoring:
user-controlled customization and use-dependent adaptation.
With user-controlled customization, a user can tailor a product
themselves according to their own preferences and needs.
Patients noted that they personalized the therapy based on their
own personal situation and personal preferences; thus, it is also
important to give them the opportunity to do so when using an
eHealth product. Therapists mentioned that they personalize a
therapy protocol based on the patient situation or their
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therapeutic experiences. By providing therapists the possibility
to tailor the elements in eHealth, they can choose whether or
not to use these elements during therapy with a specific patient,
while not being forced to use all elements of the eHealth app.
With use-dependent adaptation, a product automatically adapts
itself to the user, for example by not showing specific parts of
a therapy protocol if the therapist always skips these in
therapeutic practice or by tailoring the moment reminder popups
to a patient who typically experiences cravings after dinner.

As a third recommendation, eHealth designers should investigate
if there are components of the therapy protocol that are not
actually applied by therapists or patients but should be part of
the eHealth since they are crucial for the effect of therapy. The
eHealth designer can generate this information by interviewing
therapy protocol developers about the crucial therapy protocol
components. This information can be generated by involving
stakeholders in the second product design phase of a
personalized design process [25]. One approach would be to
allow the therapist to use the eHealth app as a toolbox, which
can ensure that crucial elements are not too easily personalized
or skipped.

Limitations
Our study has two main limitations. The first concerns asking
therapists and patients to quantify their own behavior, which
may be challenging. Previous research also found that therapists
overestimated the extent of therapy protocol application [61]
or that self-reporting had very poor reliability [62]. For example,
not all respondents understood the assignment, as the indicated
percentages of strict therapy protocol application of a patient
and therapist overlapped with their other percentages. This
overlapping is impossible, as one cannot both strictly follow
and change a therapy protocol at the same time. However, asking
therapists and patients to quantify their own behavior may still
be a suitable technique when asking them only to estimate the
amount of therapy protocol application and personalization they
adopt. Accordingly, this approach is considered suitable to
generate first insights, but results cannot be solely based on this
technique. A second limitation is that we did not take the
therapeutic experience of the therapists and severity of the
patients’ conditions into account [63]. Compared to less
experienced therapists, more experienced therapists generally

have more experience with other therapy protocols, which may
influence their personalization practices. In addition, it is
possible that the severity of a patient’s condition could have
influenced recruitment and results. Another limitation is that
this study was conducted with a limited number of participants,
which might have enhanced the possible influence of individual
preferences regarding protocol application and personalization
on the results [64]. Future research should take this into account,
such as by conducting the study with a larger sample size while
taking into account these background variables. In addition,
future designs of a toolkit should consider involving actual
eHealth designers, eHealth design employers, and researchers.
This is important since the toolkit may otherwise not correspond
with current practices of target groups, which would negatively
influence its implementation.

Conclusions
To optimize eHealth implementation, our study indicates that
eHealth designers should have information as to which
therapeutic components should be duplicated, which components
should be open to personalization possibilities, and which
components that are not applied in practice should remain part
of the eHealth design. To generate this information, we suggest
that eHealth designers collaborate with therapists, patients,
protocol developers, and mental health care managers during
the design process of eHealth [25]. Not involving all of these
stakeholders increases the risk that the designed eHealth might
not optimally fit the therapeutic practice, which would impede
implementation. For example, therapy protocol designers
typically know what protocol components are crucial for the
therapeutic effect but do not know how the protocols are applied
and personalized in therapeutic practice. Personalization
practices can be implemented by actively co-designing with
patients and therapists with different levels of experience to
ensure that the eHealth is aligned to their preferences and
capacities. Based on the present research, we expect that the
implementation of eHealth can be facilitated when stakeholder
representatives (eg, patients, therapists, protocol developers,
and mental health care managers) are collectively involved in
the design process by providing the eHealth developer with
their needs and demands of therapy protocol application and
personalization.
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Abstract

Background: Mobile messaging is often used in behavioral weight loss interventions, yet little is known as to the extent to
which they contribute to weight loss when part of a multicomponent treatment package. The multiphase optimization strategy
(MOST) is a framework that researchers can use to systematically investigate interventions that achieve desirable outcomes given
specified constraints.

Objective: This study describes the use of MOST to develop a messaging intervention as a component to test as part of a weight
loss treatment package in a subsequent optimization trial.

Methods: On the basis of our conceptual model, a text message intervention was created to support self-regulation of
weight-related behaviors. We tested the messages in the ENLIGHTEN feasibility pilot study. Adults with overweight and obesity
were recruited to participate in an 8-week weight loss program. Participants received a commercially available self-monitoring
smartphone app, coaching calls, and text messages. The number and frequency of text messages sent were determined by individual
preferences, and weight was assessed at 8 weeks.

Results: Participants (n=9) in the feasibility pilot study lost 3.2% of their initial body weight over the 8-week intervention and
preferred to receive 1.8 texts per day for 4.3 days per week. Researcher burden in manually sending messages was high, and the
cost of receiving text messages was a concern. Therefore, a fully automated push notification system was developed to facilitate
sending tailored daily messages to participants to support weight loss.

Conclusions: Following the completion of specifying the conceptual model and the feasibility pilot study, the message intervention
went through a final iteration. Theory and feasibility pilot study results during the preparation phase informed critical decisions
about automation, frequency, triggers, and content before inclusion as a treatment component in a factorial optimization trial.

Trial Registration: ClinicalTrials.gov NCT01814072; https://clinicaltrials.gov/ct2/show/NCT01814072

(JMIR Form Res 2020;4(5):e16297)   doi:10.2196/16297
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Introduction

Background
Mobile device use is ubiquitous in the United States: in 2018,
95% of adults owned a cell phone and 77% owned a smartphone
[1,2]. Text messaging, or SMS, is a common feature of many
users’ plans, with 81% of users indicating that they send or
receive text messages as a part of regular phone use [3]. More
than half of Americans look for health information on their
mobile phone [4]. Thus, research on effectively using mobile
systems to deliver health interventions has proliferated in recent
years.

Messaging (also referred to as texting, sending messages, or
text messaging system) affords many attractive features for
mobile health interventions. Messaging systems can have broad
reach using few resources compared with intervention
components requiring consistent human labor or in-person
delivery. Furthermore, message delivery can be systematically
automated per predetermined decision rules, reducing the
personnel costs associated with requiring an interventionist to
monitor and trigger messages in real time. Text messages can
be sent to the most basic of mobile phones at little cost, or the
same content can be sent through a native smartphone app as a
push notification at no cost to the recipient. Hence, mobile
messaging can be implemented cost-efficiently on mobile
devices in a variety of ways to fit the needs of the target
population.

Although the first randomized controlled trial examining
messaging as a health intervention was only conducted in 2005
[5,6], messaging has now been used in a variety of health
interventions. Messages delivered by phones have shown
positive effects on multiple health behaviors [6-9]. Yet, many
questions about what content and at what frequency remain
regarding the effective use of messaging to promote weight loss
specifically [10]. These questions have become more compelling
now that new technological innovations (such as real-time
monitoring of continuous data from mobile sensors) make it
possible to perform real-time data analytics as a basis for
delivering just-in-time adaptive messaging interventions.

One common functionality of messaging is merely to deliver
prompts or reminders about behaviors that need to be performed
daily or multiple times per day. The complexity of reminders
can vary from a once daily prompt (eg, to take medication [11])
to multiple daily prompts to take medications at particular times
or to perform other behaviors (eg, physical activity [12])
multiple times daily. For more complex health targets such as
weight loss that involve multiple behaviors that typically occur
many times a day, thought needs to be invested in message
timing and frequency [13]. If messages are not experienced as
more helpful than burdensome, users may fail to attend to
messages altogether. Customizing a messaging program to
deliver messages flexibly, in a manner responsive to the needs
of the user, could provide new opportunities to optimize positive
effects of message interventions for more complex multiple
behavioral demands.

Message Tailoring
Personalized and tailored messages are established to be more
effective than generic messages [6,8] in part because a message
is perceived to be more relevant or actionable if tailored to be
targeting the individual, some specific aspect of their behavior,
or goal attainment. The question then becomes: What level of
tailoring is necessary and on what variables should messages
be tailored to garner a positive behavioral effect? Message
tailoring for most behavioral interventions to date has been
restricted to surface level features: for example, personalizing
with name, gender, or another baseline variable that does not
change over time [6,8,14]. For health behaviors that require
recurrent messages over long periods of time, lightly tailored
messages could become repetitive and ineffective. One strategy
that is now possible involves tailoring messages in real time to
respond to the user’s current state [15], thereby increasing the
receptivity of the person to the message and its intended effect.
Consistent with evaluations of other tailored interventions and
learning theory, giving participants real-time feedback can
improve engagement with the intervention, thereby producing
improvement in desired health behaviors [16,17]. At this time,
it is technically possible to create a messaging system for weight
loss that could pull known data regarding self-monitoring
consumption, physical activity, and weight to facilitate the
participant’s performance of positive health behaviors over
time. Therefore, we sought to leverage new technology
capabilities of messaging to support weight loss as a potential
component of a weight loss program, first by using the
preparation phase of the multiphase optimization strategy
(MOST).

The Multiphase Optimization Strategy: Preparation
Phase
MOST comprises several phases as depicted in Figure 1 [18]
that support the design, assembly, and evaluation of a treatment
package that meets optimization criteria, guided by some need
as determined by an investigator. MOST provides a framework
to systematically and efficiently improve interventions and
thereby move intervention science forward. One use of the first
phase, the preparation phase, of MOST is to engage in formative
work and feasibility or pilot testing of treatment aspects, levels,
or components before moving on to the optimization phase. The
purpose of this paper is to describe the preparation phase of our
project, when we engaged in a review of the literature and
behavioral theory, conducted a pre-post feasibility pilot, and
elicited user feedback and preferences to develop an automated,
responsive, tailored messaging program to support weight loss
as one component of a treatment package. By doing so, we
ensure that the messaging component is based on sound
behavioral theory, is feasible to deliver, and meets the needs of
participants before implementing the component in a larger
factorial trial (Optimization of Remotely Delivered INtensive
Lifestyle Treatment for Obesity Study [Opt-IN];
ClinicalTrials.gov NCT01814072). Opt-IN, described in detail
elsewhere [19,20], is a 6-month behavioral weight loss study
comprising 32 experimental conditions.
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Figure 1. The multiphase optimization strategy (MOST).

Methods

Objectives
The first objective in the preparation phase of this work was to
define a conceptual model to guide the message component
development and testing. We did so in alignment with social
cognitive theory. The second objective was to determine the
feasibility of constructing and delivering messages to
participants and the acceptability and preferences regarding the
messages to inform implementation of the message component
in the future optimization trial. Finally, we structured the logic
and fully programmed the component to be tailored and
automatically delivered with fidelity.

Preparation Phase Part 1: Specifying a Conceptual
Model
Social cognitive theory is one model for behavioral change that
can be helpful in describing how a messaging intervention could
contribute to weight loss [21]. Specifically, the provision of
behavioral facilitation and supportive accountability via
messaging could build self-efficacy, and the confidence about
being able to perform a specific behavior despite the presence
of challenges and barriers.

Behavioral facilitation, or the provision of instrumental and
informational support, refers to supporting the individual with
knowledge, skills, resources, or adjustments to the environment
that can make unhealthy behaviors easier to change [22]. When
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an individual receives tips, directions, or aids in problem
solving, they may perceive navigating difficult behavior changes
as less overwhelming and vicariously learn how to perform
self-regulatory behaviors [23]. Building the ability to do the
behavior is an essential ingredient of self-efficacy.

Supportive accountability refers to a relationship of
encouragement and accountability that is established between
two individuals, such as participant and coach, and that has been
demonstrated to enhance adherence to positive behavior change
[24-26]. The supportive accountability model postulates that
adherence is strengthened when participants and coaches
maintain a therapeutic bond, wherein the expectations of being
cared about and monitored throughout the intervention are
clearly stated. The provision of verbal persuasion and
performance feedback can enhance a sense of mastery and
further build self-efficacy.

The proposed conceptual model (Figure 2) postulates that
providing both behavioral facilitation and facilitation guide
individuals toward experience with behavioral changes that
increase self-efficacy. We hypothesize in our theoretical model
that these two domains, facilitated by messages we send, will
both produce increases in self-efficacy, thereby increasing
self-regulation. Self-regulation, an internal process, involves
the use of self-control, internal monitoring of behaviors in
relation to a goal or value in the face of temptation, and is a
well-established and important capacity that is strongly tied to
success in weight loss [27]. When an individual gains
self-efficacy for the health behaviors, the social cognitive model
posits that self-regulation, or the internal capacity to
independently regulate desires in favor of healthy behaviors, is
strengthened.

Figure 2. Optimization of Remotely Delivered INtensive Lifestyle Treatment for Obesity Study (Opt-IN) messaging conceptual model.

Preparation Phase Part 2: The ENLIGHTEN
Feasibility Pilot Study
To test feasibility and acceptability of messaging and
preliminary efficacy for producing weight loss, an 8-week
weight loss pre-post feasibility pilot study was conducted using
a commercially available smartphone app (ie, Lose It!), coaching
calls, and text messaging. The purpose of this feasibility pilot
study was to determine whether the messaging strategy was
acceptable to participants and to determine the feasibility of
messages. As such, the feasibility pilot study was not powered.
The ENLIGHTEN study was approved by Northwestern
University’s Institutional Review Board (STU00078810).

Participants
Participants were recruited from a large Chicago area employer.
Enrollees had to be between 18 and 60 years of age, have a BMI

between 25 and 40 kg/m2, weight <300 lb, be weight stable,
and own an Android (Google Mobile Services) or iPhone
(Apple) smartphone. Participants were excluded if they had
unstable medical conditions, high risk for cardiovascular
symptoms with physical activity, diabetes requiring insulin,

Crohn’s disease, obstructive sleep apnea, active binge eating,
substance abuse or dependence, or active suicidal ideation.
Participants were also excluded if they took medication known
to cause significant weight gain or loss, used an assistive device
for mobility (eg, wheelchair, walker, cane), had been
hospitalized for a psychiatric disorder within the past 5 years
or could not read the study questionnaires. Female participants
could not be pregnant, trying to get pregnant, or lactating. Each
participant completed an informed consent process and selected
the timing and frequency of text messages (up to 3× per day,
including weekends) that were manually sent to them by a coach
throughout the week. Text messages addressed the topics of
diet, physical activity, and weight change. Each message either
targeted the construct of supportive accountability (eg, “Way
to get that exercise in this week!”) or facilitation (eg, “It’s a
beautiful day, get out, and enjoy an after dinner walk!”).

Results

Results of Preparation Phase 2
The ENLIGHTEN feasibility pilot study enrolled 9 participants
(6/9, 67% female; 5/9, 56% black; mean age 42.4 years, mean
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weight 197.2 lb, mean BMI 31.8 kg/m2). Participants who
completed the intervention (n=8) lost an average of 3% of their
initial body weight (range: +0.75 lb to −14.75 lb) and preferred
to be sent an average of 1.8 texts per day, on 4.3 days of the
week, with a range of 2 to 7 texts per week.

Preparation Phase Part 3: Final Development of
Message Treatment Component
The final stage of our preparation phase was to fully develop
the message treatment component such that it could be
implemented in the next phase, the optimization trial. To reduce
the burden on staff and ensure fidelity of the treatment, we
automated message sending by specifying programming logic
for frequency and timing, content sent, and tailoring in response
to user status.

Automation of Messaging
One limitation of the feasibility trial to note was the significant
staff burden required to manually send text messages to
participants. As such, automation of sending messages was of
paramount importance during further message program
development. Automating, via a push notification protocol, not
only reduces staff time but also enables the interventionist to
maintain treatment fidelity due to the lack of human error that
can produce untimely, missed, or poorly constructed text
messages. Text messages are typically sent via SMS, which
utilizes a 160-character restricted protocol. In contrast, we use
Apple’s push notification service for iOS and Google Cloud
Messaging service for Android. In style, length, and prominence,
push notification messages are intended to be similar to SMS

text messages. The advantages of the technology structure or
architecture are 2-fold. First, neither participants nor study staff
pays text message charges through their phone plan. Second,
messages are integrated within the smartphone app to be used
for self-monitoring in the optimization trial. Participants are
alerted when a message arrives through content that pops up on
either the iPhone’s lock screen or the Android’s notification
bar. Clicking on the message opens the smartphone app and
guides the participant to the message, providing an opportunity
for the participant to continue engaging with the app after
opening the message.

Message Frequency and Triggers
Specific timing of the messages was structured to balance the
message value with the burden that notifications place on the
participant [28]. The feasibility pilot study revealed a frequency
preference of 1 or 2 messages per day on average, but the
number preferred varied widely. Due to the wide variability in
preference, and given the Enlighten feasibility pilot study
average of 1.8 texts per day on 4.3 days of the week
(corresponding to approximately 7.7 texts per week), participants
in the optimization trial chose what times were most convenient
and least burdensome to receive a minimum dose of 7 text
messages each week (Table 1). Timing choices included
receiving a text at random times between 8 AM and 5 PM, only
in the AM between 8 AM and noon, only in the PM between
12 PM and 5 PM, or a rotation where texts were alternately sent
in the AM or PM. Participants could also choose whether to
receive 2 bonus messages per week that were sent on their own
varied schedule.

Table 1. Message preference schedules for participant selection.

SundaySaturdayFridayThursdayWednesdayTuesdayMondayPreference optiona

T7T6T5T4T3T2T1bA

T7N/AT5/T6N/AT3/T4N/AcT1/T2B

T7T5/T6N/AT3/T4N/AT1/T2N/AC

aSchedule of text messages to be sent across a week.
bT: Text.
cN/A: not applicable.

The message trigger acted as the beginning of a logic structure
that we hypothesize to increase likelihood of seeing the message
(Figure 3), which supports fidelity of treatment receipt of our
message component. If the participant opens the app during one
of their preferred day and time windows, we infer that they are
ready to receive a message, and thus a message will be sent
(Figure 3). A slight delay is in place to avoid bombardment,
giving the user time after they first open the app to complete a
self-monitoring entry (eg, weight, food intake) before compiling

and sending any pending messages. However, not all participants
will interact with the app during their preference windows. To
account for this, a message was automatically sent at the end
of the preference period if no interaction with the smartphone
app occurred. For example, if a participant’s preference is to
receive one message every day in the morning (between 8 AM
and 12 PM) and they have not opened the app at all during that
window, a message is sent at midnight.
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Figure 3. Logic structure for Optimization of Remotely Delivered INtensive Lifestyle Treatment for Obesity Study (Opt-IN) text message triggers.

Message Content
The content of all messages relates to behavioral facilitation or
supportive accountability from the conceptual model in Figure
2. To make all messages relevant and engaging, a schedule of
messages was created to target all aspects of weight loss and
associated behaviors without becoming monotonous. Thus,
participants received at least 7 messages per week, each with
content from one of 7 behavioral categories: weight, physical
activity, behavioral activation, adherence, physical activity goal

attainment, calorie consumption goal attainment, or fat gram
consumption goal attainment. The first message each week is
from the weight category, which updates the participant on
weight change over the previous week. The order of the
remaining topics is different but predetermined each week for
consistency across participants (Table 2). For example, a
participant in week 2 of the study would receive a behavior
activation message as their second text of the week, but someone
in week 11 would receive a calorie consumption goal attainment
text as their second text.

Table 2. Sample weekly text schedule with example content.

SundaySaturdayFridayThursdayWednesdayTuesdayMondayWeekly

example

Calorie goal

attainment

Fat goal

attainment

MVPABehavioral

activation

AdherenceMVPAa goal

attainment

WeightTopic

It looks like you
went over your
calorie goal yes-
terday. Don't
worry, slips are
normal! Get back
on track today.

If you're having
trouble adding
the right kinds of
fat into your diet
or recording your
foods, don't be
afraid to ask for
suggestions on
your next call.

Nice work exer-
cising this week!
Keep it up for the
rest of the week.

Adding in a small
breakfast like a
yogurt or an ap-
ple can make a
big impact on
your weight loss
success!

Focus on getting
back on track
with food entry
on your phone in
order to help you
know your
caloric and fat in-
take!

Try to schedule
in your activity!
Make it a priority
so you can meet
those goals!

You have lost X
pounds in the
past week! Way
to go—remember
to maintain these
behavior changes
as you continue
with your weight
loss!

Message

aMVPA: moderate-vigorous physical activity.
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Tailoring in Response to User Status
To increase relevance and engagement, the text content is
tailored to the individual’s personal progression toward study
goal attainment (ie, weight loss, daily calorie intake, daily fat
gram intake, and physical activity). As such, most messages
delivered are based on what the participant has (or has not)
self-monitored within the smartphone app. The texts are
designed to encourage and reinforce positive participant
behaviors, not to be negatively critical or discouraging. Hence,
content was written to reinforce not only achieving goals, but

also coming close to goal attainment, much like a human health
coach might. For example, if a participant with a 1200 daily
calorie goal enters 1220 calories, a calorie goal attainment text
message would still reflect that they did well staying in the
calorie range, rather than telling them they exceeded their daily
calorie goal. Similarly, if a participant had not self-monitored
food in the app on the day an adherence to self-monitoring text
was to be sent, but had self-monitored food the prior day, the
adherence to self-monitoring text would reinforce their recording
on some days, while encouraging them to continue setting
patterns (Figure 4).

Figure 4. Optimization of Remotely Delivered INtensive Lifestyle Treatment for Obesity Study (Opt-IN) message tailoring: adherence to self-monitoring
example.

Tailoring messages to make them feel both personalized and as
if they are coming directly from the health coach was also
considered an important factor in maintaining a strong
therapeutic alliance between participant and their coach. Based
on the assumption of this kind of social presence, we posit that
the simulated human connection through messages created with
this structure will be more efficacious than a robot or automated
machine [6,24,29].

Discussion

Summary of Findings
As part of the MOST framework, critical preparation work was
completed to develop a messaging protocol that was
theoretically grounded, responsive to user feedback, easy to
scale in a remotely delivered intervention, tailored to the
individual’s current state, and feasible to deliver with fidelity

in a factorial trial. Despite widespread use of messaging as a
component of health behavior change interventions, information
about the derivation of message content is often absent, leaving
it unclear how and why the messages were developed and
implemented in a particular way [6]. Furthermore, message
interventions are often delivered as part of a treatment package
and may not be able to be compartmentalized to test unique
effects on outcomes due to overlapping function with other
treatment components. Therefore, before embarking on an
attempt to use a factorial design to optimize a treatment package
for obesity, it was critical to spend time in the preparation phase
to fully develop the messaging treatment component we wanted
to test for effect on weight loss.

The development of our messaging component included
designing messages based on theory, testing the feasibility and
acceptability of the messages, and identifying participant
preferences regarding message receipt. The resulting messages
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are personalized, timely, and relevant to the participant, which
may increase the likelihood that the participant will respond in
a desirable manner by maintaining or improving a targeted
behavior. The preparation work also allowed us to create a
component with potential for high treatment fidelity, a critical
need in intervention trials and especially for factorial trials with
a high number of randomized conditions. The resulting
technology has the unique ability to deploy messages either in
response to interaction with the smartphone app or based on the
participant’s preferred schedule. This capitalizes on participant
receptivity: when the individual is actively using the app, a time
they are most likely thinking about their health behaviors. If an
individual is not interacting with the study app, sending
messages based on their preferred schedule may provide a real
time-time helpful reminder to re-engage with target health
behaviors to prevent a lapse.

Artificial Intelligence
The features of our message component may very well be
perceived as an artificially intelligent system. Messages are sent
at times of high receptivity, with content that uses current
participant status, and that responds in a way to support the
self-efficacy of an individual much in the way a live health
coach might. Human staff have availability constraints, cost a
significant amount, and are prone to make errors in intervention
delivery. Therefore, using human staff to coach individuals in
a weight loss program has many barriers to scalability. The
message program design described, if effective, may well be a
first foray into artificial intelligent coaching that can provide
just-in-time adaptive interventions. In sum, these essential
preparatory activities supported the development of a
theoretically sound, scalable, and low-cost treatment component
that was feasible to deliver in our optimization trial design.

Critiques and Strengths
One possible critique of our work is that it had a significant
upfront cost to design and program sufficient to meet our
requirements and confer a realistic and human feel. The overall
cost might be worth time and effort downstream if it relieves
staff time across enough participants over enough time. One
benefit is that once programmed, as we have done, it can be

scaled up and distributed widely with a relatively low
maintenance cost, an important requirement set during our
preparation phase. Comparatively, many intervention
components are developed as part of multicomponent treatment
packages, sometimes without critical preparatory work, and
tested as such in a randomized controlled trial, the results of
which are unable to reveal whether the component has any
important or significant effect on the outcome. We believe the
upfront cost of preparation in the context of MOST is warranted
to develop rigorous, robust, and testable components.

Future Work
Although weight loss programs that include a text messaging
component have been effective [8,30-32], current evidence is
not clear if it is an essential active component of a treatment
package. In the next phase of this research, the optimization
phase, the Opt-IN study will include messages as a factor that
participants will be randomized to receive or not receive in a
factorial research design. By using a factorial design, we will
answer whether this type of messaging program provides a
meaningful effect in a weight loss intervention package. It is
critical to test the messaging component in this way because it
provides significant advantages to investigators in that they are
low-cost, easy-to-use, and can be delivered in real-time. This
is an appealing alternative to costly human coaches who may
not be able to deliver interventions at a time when the person
needs it in everyday life [10,33-36].

Although our preparation phase work and the subsequent Opt-IN
trial will make progress in optimizing a cost-contained treatment
package for obesity, its limitation relevant to mobile messaging
is that it will inform the utility of including messaging in a
one-size fits all treatment package. One could also optimize
weight loss by testing the use of message systems in stepped
sequences as in a sequential multiple assignment randomized
trial [37,38] or in specific just in time contexts as in a
microrandomized trial [39]. The current lack of optimization is
not limited to obesity treatment but has rather been unaddressed
across various health interventions [7,15,40,41]. Thus, future
research is needed to optimize all aspects of mobile messaging
as a treatment component to fully realize its potential.
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Abstract

Background: Polycystic ovary syndrome (PCOS) is an endocrine disrupting disorder affecting about 10% of reproductive-aged
women. PCOS diagnosis may be delayed several years and may require multiple physicians, resulting in lost time for risk-reducing
interventions. Menstrual tracking apps are a potential tool to alert women of their risk while also prompting evaluation from a
medical professional.

Objective: The primary objective of this study was to develop and pilot test the irregular cycle feature, a predictive model that
generated a PCOS risk score, in the menstrual tracking app, Clue. The secondary objectives were to run the model using virtual
test subjects, create a quantitative risk score, compare the feature’s risk score with that of a physician, and determine the sensitivity
and specificity of the model before empirical testing on human subjects.

Methods: A literature review was conducted to generate a list of signs and symptoms of PCOS, termed variables. Variables
were then assigned a probability and built into a Bayesian network. Questions were created based on these variables. A total of
9 virtual test subjects were identified using self-reported menstrual cycles and answers to the feature’s questions. Upon completion
of the questionnaire, a Result Screen and Doctor’s Report summarizing the probability of having PCOS was displayed. This
provided information about PCOS and data to facilitate diagnosis by a medical professional. To assess the accuracy of the feature,
the same set of 9 virtual test subjects was assigned probabilities by the feature and the physician, who served as the gold standard.
The feature recommended individuals with a score greater than or equal to 25% to follow-up with a physician. Differences between
the feature and physician scores were evaluated using a t test and a Pearson correlation coefficient in 8 of the 9 virtual test subjects.
A second iteration was conducted to assess the feature’s probability capabilities.

Results: The irregular cycle feature’s first iteration produced 1 false-positive compared with the physician score and had an
absolute mean difference of 15.5% (SD 15.1%) among the virtual test subjects. The second iteration had 2 false positives compared
with the physician score and had an absolute mean difference of 18.8% (SD 13.6%). The feature overpredicted the virtual test
subjects’ risk of PCOS compared with the physician. However, a significant positive correlation existed between the feature and
physician score (Pearson correlation coefficient=0.82; P=.01). The second iteration performed worse, with a Pearson correlation
coefficient of 0.73 (P=.03).
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Conclusions: The first iteration of the feature outperformed the second and better predicted the probability of PCOS. Although
further research is needed with a more robust sample size, this pilot study indicates the potential value for developing a screening
tool to prompt high-risk subjects to seek evaluation by a medical professional.

(JMIR Form Res 2020;4(5):e15094)   doi:10.2196/15094

KEYWORDS

polycystic ovary syndrome; mobile health app; Clue; menstrual irregularities; telemedicine; mHealth, mobile phone

Introduction

Background
According to the Rotterdam criteria, polycystic ovary syndrome
(PCOS) is clinically diagnosed by the presence of at least two
of the following: androgen excess, menstrual irregularity, or
presence of polycystic ovary morphology on ultrasound
examination [1]. The Androgen Excess and PCOS Society has
also proposed guidelines for diagnosis, which include
hyperandrogenism, ovarian dysfunction, and exclusion of other
androgen excess or related disorders [2]. Women with menstrual
irregularities, particularly those with PCOS, have an increased
risk of developing comorbidities, such as metabolic syndrome,
heart disease, or diabetes [3]. In 2005, the economic burden of
evaluating and providing care to women of reproductive age
with PCOS was US $4.36 billion, which was equivalent to US
$5.65 billion in 2018 [4]. This assessment included the costs of
infertility treatments, living and treating metabolic disorders,
and addressing hirsutism. The calculated expenses of PCOS are
likely an underestimate of the actual cost of providing care
because many women will live beyond reproductive age with
expensive metabolic disorders such as metabolic syndrome,
which adds at least US $2000 more of health care expenses
annually [4,5].

In the current era of ubiquitous smartphones, individuals are
turning to mobile phone apps for immediate health tracking and
care [6,7]. Women, in particular, have reported higher rates of
downloading health apps [8]. By having menstrual cycle data
collected in real time, women are able to share accurate details
with their medical providers [9]. Thus, these apps can have
significant implications for women with menstrual irregularities.

For women at high risk of developing PCOS, having a mobile
health app that identifies and tracks menstrual cycles may help
facilitate symptom tracking and prevent inaccurate reporting of
signs and symptoms [10]. However, current menstrual tracking
apps are not well equipped to deal with irregular menstrual
cycles [11].

Objectives
The primary objective was to develop and pilot test the irregular
cycle feature. The irregular cycle feature is a predictive model
that generates a PCOS risk score for a user based on responses
to an adaptive questionnaire. The secondary objectives were to
run the model using 9 virtual subjects, create a quantitative risk
score, compare the model’s risk score with that of a
board-certified reproductive endocrinology and infertility
physician-scientist (physician), and determine the sensitivity
and specificity of the model before empirical testing on human
subjects.

Methods

Creating the Framework
Clue is an app created by BioWink GmbH, which allows users
to track menstrual cycles and related health information [12].
Data collected include, but are not limited to, menstrual cycle
length, duration of flow, menstruation-related pain symptoms,
and method of birth control. To create a user profile, the app
also prompts individuals to input age, height, and weight.
Personally identifiable information is collected by Clue and
stored in a secure backend system where it is encrypted [13].

An adaptive questionnaire, or a question set modified based on
answers to previous questions, was developed. To create the
framework for the adaptive questionnaire, the physician from
Boston University and researchers at Clue compiled signs and
symptoms (variables) associated with PCOS based on the
Rotterdam criteria and common diseases that display similar
variables based on the physician’s clinical experience. For the
purpose of developing this tool, other common diseases
accounted for in the Bayesian network created with overlapping
signs and symptoms included Cushing syndrome,
hypothyroidism, hyperprolactinemia, and functional amenorrhea.
The physician developed a list of common variables for these
disorders based on clinical experience and the Rotterdam
diagnostic criteria [1]. These variables included irregular
menstrual cycles, hirsutism, alopecia, and acne. A literature
review was then conducted to determine the prevalence of these
variables specifically in women with PCOS. The literature
review consisted of searches in UpToDate (Wolters Kluwer
Health’s) for the prevalence of each included variable. When a
search yielded no prevalence, an additional search was
conducted on PubMed to determine the appropriate prevalence.
For example, the team’s PubMed search using the MeSH term
hyperandrogenism for clinical hyperandrogenism yielded a 10%
prevalence in women of reproductive age [14]. Each variable
and associated prevalence were then incorporated into a
Bayesian network to generate joint probabilities (Figure 1). A
total for 40 unique articles were used to determine the
prevalence for the 4 variables

A Bayesian network is a modeling tool that integrates
independent and dependent probabilities to calculate an overall
probability based on each variable [15]. The Bayesian network
was created manually using Netica. For each variable, the
prevalence of symptoms, given the presence or absence of a
disease, was manually encoded in the Bayesian network. The
prevalence of each symptom determined in the literature review
was then inserted as the probability for each variable. The
physician was consulted when published values were widely
variable. For nodes in the network with many parents, such as
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long or variable cycles, there were many possible combinations
of dependencies. For simplicity, they were assumed to be
uncorrelated. The software tool then constructed the Bayesian

network. Figure 1 is reflective of the Bayesian network that was
generated using the Netica software with probabilities omitted.
Specific parameters for each variable are proprietary to Clue.

Figure 1. Green, checkered boxes indicate major diagnostic concerns for polycystic ovary syndrome. Purple, solid boxes are representative of the
questions that are on the screen. The blue, dotted boxes are additional questions asked by the irregular cycle feature. PCOS: polycystic ovary syndrome.

Phase 1: Development of Question Sets

Virtual Test Subjects
A virtual test subject is an algorithmic model representative of
how an individual or a group of individuals may appear or
behave in the real world [16]. These computer models have
proven useful in creating predictive models for epidemics, such
as the spread of influenza or serving as educational materials
for physicians [17,18]. Virtual test subjects have also previously
been used to train physicians on the administration of glucose
clamp procedures [16]. To conduct the pilot testing of this
feature, a set of virtual test subjects was created. Each virtual
test subject was generated by a designated team member and
had a unique set of answers to preformulated questions that
were built into the irregular cycle feature. For example, 1 virtual
test subject would be asked whether or not they experienced
excess hair growth and would respond yes, whereas a different
virtual test subject would respond no. These slight changes in
responses allowed the team to run an analysis to understand the
validity of the network. The scores of the irregular cycle feature
generated for each of these virtual subjects were then compared
with the score provided by a physician. The answers to each

question for all virtual test subjects remained consistent between
the irregular cycle feature and physician scoring. Only 14 virtual
test subjects were created for ease of testing the feature.

Eligibility Requirements
The inclusion criteria, which were based on the definitions of
abnormal uterine bleeding from the International Federation of
Gynecology and Obstetrics, for prompting with the irregular
cycle feature included logging irregular cycles for at least 6
months or have not logged a period in 90 days, cycles longer
than 38 days, or a cycle length variation that is higher than
average for their age group. For individuals aged between 16
and 26 years, the cycle length variation threshold is >9 days
cycle to cycle. For users aged >27 years, the cycle length
variation should be >7 days [19]. A virtual test subject would
be excluded from the study if these criteria were not met.

Screener Questions
Once the network was established, questions were written to
assess signs and symptoms deemed relevant by the literature
review. Questions were separated into a screener and the
adaptive questionnaire, within the irregular cycle feature. The
screener consisted of 7 questions used to collect information
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regarding height, weight, age, birth control use, medical
conditions, life stage, and age at menarche. The specific
questions and abbreviated answers are shown in Multimedia
Appendix 1.

Adaptive Questionnaire
After the screener, the subject was presented with the adaptive
questionnaire, which features questions aimed at completing
the picture of risk factors for PCOS. These questions were based
on the Ovulation and Menstruation Health Study conducted at
Boston University [20], which measures androgen excess, levels
of stress, and eating patterns. Questions in the adaptive survey
portion of the irregular cycle feature included measures of body
hair, medications that can affect the menstrual cycle, hair loss,
acne, irregular sleep, stress, strenuous physical work, and eating
habits. Although this was not an exhaustive medical history,
these variables were deemed useful for preliminary identification
of PCOS based on the current literature. A complete list of
additional questions assessed by the feature is shown in
Multimedia Appendix 2. As some symptoms vary by racial and
ethnic groups, virtual test subjects were also able to report their
background. In total, 14 virtual test subjects were created to
assess the functionality of the Bayesian network. Each of the
virtual test subjects had unique answers to the irregular cycle
feature screener and the adaptive questionnaire to test the ability

of the network to produce an accurate PCOS probability. Each
virtual test subject had a different combination of questions left
blank. Leaving questions blank allowed the team to determine
how accurate the irregular cycle feature could score virtual test
subjects compared with the physician in the setting of missing
data. The questions left blank were selected based on the relative
missing data that currently exist in the user-entered data in the
Clue app. The 14 virtual test subjects created were generated
to be comparable with aggregated, deidentified Clue user data.
Nine virtual test subjects were considered representative of
cycles, birth control usage reporting, and symptom tracking
available from the Clue user base and were included in the
analysis.

Phase 2: Question Flow
As the irregular cycle feature is adaptive, not every question is
asked to every subject. For instance, Figure 2 shows that if a
virtual test subject reported that they were not concerned about
excess hair growth, the tool would not ask about how much hair
was present on their body. In this manner, the model streamlined
the data collection and reduced the time it took a subject to
complete the module. Compiling this information, the network
then calculated whether menstrual cycle irregularities were an
indicator of PCOS or if the menstrual irregularities were possibly
because of a different condition.

Figure 2. This figure highlights the adaptive nature of irregular cycle feature by modeling with questions assessing hair growth. The orange, starred
box indicates the end of the question set.

Phase 3: Assignment of Thresholds for Risk
The physician on the team assigned 4 categories of risk: low,
indeterminate, moderate, or high to each virtual test subject
based on her assessment of the virtual test subject’s symptoms
compared with the Rotterdam diagnostic criteria for PCOS.
According to the Rotterdam criteria, PCOS is clinically
diagnosed by the presence of at least two of the following:
androgen excess, menstrual irregularity, or presence of
polycystic ovary morphology on ultrasound examination [1].
TThe physician was shown the responses from each of the
virtual test subjects that were run through the irregular cycle
feature. She then determined a category of risk based on the
Rotterdam diagnostic criteria excluding hypothalamic and
thyroid causes based on responses to questions. For example,
if a virtual test subject presented with increased body hair but
also reported a history of disordered eating, the body hair was
more likely to be associated with anorexia than with PCOS.

The physician would then assign a low risk category. To
compare this with the quantitative values generated by the
irregular cycle feature, the team determined a set of numerical
ranges for the categories based on proposed definitions for
converting qualitative and quantitative classifications by Hillson
[21].

Virtual test subjects that were determined to have a low risk of
PCOS were assigned a value within the range of 0% to 9%. The
numerical range for indeterminate risk was assigned as 10% to
29%. These values were selected based on the unlikely and
possible qualitative terms in the proposal by Hillson [21]. Virtual
test subjects with moderate individual risk were assigned
percentages within the range of 30% to 59%. These values
encompassed the categories of probable and good chance as
defined by Hillson [21]. Virtual test subjects with high
individual risk were assigned a value within the range of 60%
to 100%. These values were selected based on the Hillson’s
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interpretation of highly probable to definite terms [21]. These
probability scales are summarized in Figure 3.

During the evaluation of the virtual test subjects, the physician
determined that 2 virtual test subjects were confounded by
additional variables and could not be accurately assessed
because of lack of data. These 2 cases were assigned a
probability of 10%, as they fell into the indeterminate category.
A total of 10% was arbitrarily chosen for this study because it
is reflective of a low but possible risk of developing PCOS.

Results Screens were created to provide feedback at the end of
the assessment based on each of these thresholds. Distinct and
direct recommendations were given based on the calculated
probability of PCOS yielded by the irregular cycle feature. There
were 3 possible screens, including a Positive Result Screen, a
Neutral Result Screen, and an Inconclusive Result Screen. All
screens include a brief description of how the result was reached
and a disclaimer that the result was not a diagnosis.

Users calculated as having a probability of PCOS that was
greater than or equal to 25% by the irregular cycle feature were
prompted with a Positive Result Screen (Multimedia Appendix
3). This screen displays a description of PCOS, related health
risks, and a call to action encouraging the user to seek medical
attention. In addition, it described the steps a physician may
take to diagnose the individual with PCOS or another related
disorder affecting menstrual cycle regularity.

The Neutral Result Screen (Multimedia Appendix 4) was
presented to users with an irregular cycle feature probability of
less than 25%. It stated that a prediction could not be made
regarding what was causing the irregularities. It included other
potential causes such as lifestyle factors, hypothyroidism, and
Cushing syndrome. The user was also prompted to seek advice
from a medical professional. The text described that the

physician would likely perform a detailed history regarding
symptoms, a simple physical examination, and blood tests if
necessary.

The Inconclusive Screen (Multimedia Appendix 5) was
presented to users who have reported confounding variables or
too much missing data. These variables included, but were not
limited to, the use or recent discontinuation of hormonal birth
control, age outside applicable range, recent pregnancy, and
breastfeeding. The potential use of medications, particularly
those with hormones, in individuals creates too many
confounding variables and is beyond the capabilities of the
network’s calculations. Thus, when an individual reported a
confounding variable that also causes hormonal dysregulation,
the screen prompted them with a suggestion to visit a medical
professional who can perform additional testing to determine
the reason behind their menstrual irregularity. Of the 14 virtual
test subjects, 6 were ultimately prompted with an Inconclusive
Screen because of their answers.

The Doctor’s Report was a shareable document that was
generated at the end of each assessment for presentation to a
medical professional (Multimedia Appendices 6 and 7). It
included details regarding the virtual test subject’s menstrual
cycle characteristics and history as well as the signs and
symptoms reported via the irregular cycle feature questionnaire.
The medical board at Clue and the physician from Boston
University were consulted in its design to ensure that it
appropriately highlighted a user’s health data. The Doctor’s
Report was generated to determine whether the individual was
expected to have PCOS or not. This ensured that the individual
was able to provide important medical information to their
provider regardless of the output so long as their cycles were
irregular.
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Figure 3. Sliding scale percent probability ranges. The blue bar indicates the range of percentages that fall into the high, moderate, indeterminate, and
low categories. The purple circle illustrates the percentage typically used in the assignment of percent probability.

Phase 4: Validation of the Tool
To validate the usability and accuracy of the network, the
physician-generated probabilities from phase 3 were compared
with those predicted by the irregular cycle feature. This helped

determine whether the feature could make assessments similar
to those performed in a clinical setting. A summary of the
probability assignments by both the irregular cycle feature and
the physician is shown in Table 1.

Table 1. Probability assignmentsa

Irregular cycle feature’s assigned probability, %Physician’s assigned probability, %Physician’s assessmentVirtual test subject #

9180HighSubject 1

9380HighSubject 2

6630PCOSb: 30%; hypothalamic pitu-
itary: 70%

Subject 8

1010Currently taking hormones: this is
a special case—indication of irreg-
ular cycles means the feature
should direct them to talk to their
physician

Subject 12

345Low PCOSSubject 14

3770Moderate to high PCOSSubject 17

910IndeterminableSubject 5

1480HighSubject 7

10NoneSubject 15

aSummary of the physician’s assessments (categorical probabilities), physician’s assigned probabilities, and the irregular cycle feature calculated
probability for all test subjects that went through the irregular cycle feature questionnaire during the first iteration.
bPCOS: polycystic ovary syndrome.

Statistical Analysis
Microsoft Excel version 16.16 was used to conduct all statistical
analyses. The utility of the irregular cycle feature was assessed
by (1) comparing the sensitivity (false-negatives) and specificity

(false-positives) with the assessment made by the physician,
(2) mean difference among virtual test subject scores, and (3)
the Pearson correlation coefficient. Normality was assessed by
plotting the data points. The correlation between the irregular
cycle feature and physician, a P value from the correlation, and
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a Pearson correlation coefficient were calculated using the 9
eligible virtual test subjects. Multimedia Appendix 8 illustrates
the sensitivity, specificity, and mean difference for the 9 virtual
test subjects. A second analysis was then conducted, excluding
1 virtual test subject. When the outlier data point was removed,
there was a normal distribution in the scores. As this data point
significantly skewed the values, the data resulted in a final set
of 8 virtual test subjects that were used to assess the sensitivity
and specificity, mean difference, and Pearson correlation
coefficient.

An additional iteration of the irregular cycle feature’s Bayesian
network was also completed to determine the effect of hirsutism
on the accuracy of scoring for PCOS in the virtual test subjects.
To assess whether the prevalence previously selected for
hirsutism was reflective of current literature, a second literature
review was conducted. This review yielded a slightly lower
prevalence of hirsutism in PCOS. As such, this new prevalence
was integrated into the irregular cycle feature’s Bayesian
network. The virtual test subjects were run through the feature
again. A summary of the statistical tests and outcomes for the
old and new prevalence can be seen in Tables 2-5.

Table 2. Summary of statistical calculations for 9 virtual test subjects.a

ValueStatistical test

0.62Pearson correlation coefficient

.08P value

aStatistics for all virtual test subjects that were created by the team, including subject 7, who was ultimately excluded because it was a statistical outlier.

Table 3. Summary of statistical calculations for 8 virtual test subjects.a

ValueStatistical test

0.82Pearson correlation coefficient

.01P value

aStatistics for 8 test subjects created by the team. It excludes subject 7, who was suspected to be an outlier based on the mean difference.

Table 4. Summary of statistical calculations for 8 virtual test subjects on the second iteration of the irregular cycle feature.a

ValueStatistical test

0.73Pearson correlation coefficient

.03P value

aStatistics calculated with lowered probabilities of hirsutism in polycystic ovary syndrome for all test cases excluding subject 7 (the suspected outlier).
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Table 5. Sensitivity, specificity, and mean difference of irregular cycle feature and physician scores by iteration.

Difference (%)SensitivitySpecificityPhysician (%)Feature (%)Virtual test subject

Iteration number 1a

110080911

130080932

360030668

000101012

290153414

−3300703717

−1001095

1000115

Iteration number 2b

80080881

120080922

260030568

000101012

190152614

−3100702917

120010225

420104215

aAbsolute mean difference for iteration 1 was 15.5% (SD 15.1%); mean difference 7%.
bAbsolute mean difference for iteration 1 was 18.8% (SD 13.6%); mean difference: 11%.

Results

The majority of virtual test subjects had an irregular cycle
feature score that overpredicted PCOS when compared with the
physician screening score (Table 5). The first iteration of the
irregular cycle feature produced only 1 false-positive compared
with the physician screening score and had an absolute mean
difference of 15.5% (SD 15.1%) among virtual test subjects.
The second iteration of the irregular cycle feature had 2 false
positives compared with the physician screening score and had
an absolute mean difference of 18.8% (SD 13.6%). The first
iteration irregular cycle feature score overpredicted the
probability of PCOS compared with the physician with a mean
absolute difference of 7. The correlation value was calculated
to be 0.82 for the 8 virtual test subjects. The same 8 virtual test
subjects were also used to generate a linear regression (Figure
4). The P value was then determined to be .01 (Table 3). As the
P value was less than .05, the team determined that the
predictive capabilities of the irregular cycle feature were
statistically significantly different from the assessments made
by the physician, although the risk difference was not considered
to be clinically significant. A few sample virtual test subjects
are shown in Table 6 to demonstrate the questions, answers,
and predictions generated by the irregular cycle feature.

The results generated by the irregular cycle feature compared
with those assigned by the physician are shown in Table 1. For
virtual test subject 1, the physician assigned an 80% probability,
compared with the 91% probability calculated by the feature.
In both cases, the virtual test subject would be prompted with
a Positive Result Screen and the Doctor’s Report stating PCOS
as a possible cause for irregular menstrual cycles.

In virtual test subject 8, the physician assigned a 30% probability
of PCOS and further suggested a hypothalamic or pituitary
cause of the menstrual irregularities. The irregular cycle feature,
which predicted a 66% probability, would prompt the individual
to seek advice from a medical professional via the Positive
Result Screen and also suggest PCOS as a possible cause for
signs and symptoms reported.

For virtual test subject 12, the physician assigned a 10%
probability of PCOS. The irregular cycle feature also suggested
a 10% probability of PCOS. The physician determined that the
hormones taken by the individual indicated a special case, and
that recommendations could not be made based on the answers
provided. The feature’s Inconclusive Screen was presented to
this virtual test subject.

For virtual test subject 15, both the physician and the irregular
cycle feature predicted a 0% to 1% chance of PCOS, and the
subject received the Neutral Result Screen and Doctor’s Report
stating PCOS as an unlikely cause of menstrual irregularities.
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Figure 4. This graph demonstrates the linear regression for 8 test cases, excluding subject 7 (the suspected outlier).

Table 6. Sample questions, answers, and probabilities using irregular cycle feature.a

Subject 15Subject 12Subject 8Subject 1Question

NoYesYesYesConcerned about hair growth?

—bSeveralSeveralLots of HairHow much thick hair?

NoYesYesYesMajority of cycles ≥38 days?c

—YesNoNoTaking meds that could affect the cycle?

—NoNoNoBMI >25 kg/m2c

No——YesCycle variation out of range?c

——YesNoEating disorder?c

——NoNoHair loss?

——NoNoAcne?

———NoMenarche during last 2 years?c

——19-40—Age range?c

————Of East Asian heritage?c

————Diagnosed with hypothyroidism?c

————Irregular sleep?

————Stress?

————Strenuous physical work?

————Limiting food?

————Diagnosed with hyperprolactinemia?

1%10%66%91%Polycystic ovary syndrome probabilityd

aThis table displays the virtual test subject answers to the irregular cycle feature questionnaire
bData not included in a virtual test subject’s answer (ie, sections left blank)
cScreener questions.
dPolycystic ovary syndrome percent probability generated by the irregular cycle feature
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Discussion

Principal Findings
To the best of our knowledge, this is the first app developed by
an interdisciplinary team to calculate the probability that an
individual may have a risk of PCOS. As seen in virtual test
subject 1, the similarly high probabilities assigned by the
physician and irregular cycle feature demonstrate that in
textbook cases of PCOS, the feature accurately prompts
individuals to seek out a medical professional. This will be
important for the identification of several risk factors for PCOS.
Virtual test subject 8 highlights the overpredictive nature of the
irregular cycle feature. Although the irregular cycle feature
probability is slightly higher than the physician’s prediction,
the tool still proves useful, as it advises an individual to seek a
health care provider for further testing. In addition, the lack of
data input for virtual test subject 8, specifically for menstrual
variation and confounding diagnoses, can be improved once
data are collected from actual Clue users to make more accurate
predictions. Virtual test subject 12, who used hormonal birth
control, demonstrates how the feature calculates a probability
for individuals inputting the minimum amount of information
and confounders while also indicating menstrual irregularities.
The irregular cycle feature would prompt similar individuals to
seek a medical professional for any issues regarding their
menstrual irregularities. Virtual test subject 15 did not report
menstrual irregularities nor did they indicate areas of concern,
such as those associated with hyperandrogenism: acne, alopecia,
or hirsutism. This illustrates that the model can accurately
eliminate individuals who are unlikely to have a disorder.

Strengths and Limitations
The team was composed of data and health scientists, software
engineers, and a medical expert. Together we constructed a
mobile health tool to facilitate identification of possible
indicators of PCOS in an app-using population. Furthermore,
the irregular cycle feature allows users to self-report menstrual
information to facilitate discussion with their physicians. Since
a summary generated based on the answers to the interactive
survey is specific to each individual, more control is in the hands
of the user. In addition, by providing the user with an outline
of what the next steps are in terms of testing and visiting a
medical professional’s office, on rollout to Clue users, this novel
tool could shorten the time for a PCOS diagnosis.

The limitations of this study include (1) the use of only a small
number of virtual test subjects, (2) the lack of a clinical
validation, and (3) the limited applicability of the feature to

other disorders that alter menstrual cycle regularity. The small
number of virtual test subjects eligible for the irregular cycle
feature assessment allowed for modeling how predictive the
tool could be with a significant number of missing data points.
In a setting where all data points are captured, the feature may
have better predictability. Furthermore, because of the nature
of this pilot project, the tool has not yet been clinically validated
in a human population, and thus, the probability generated by
the tool is not a diagnosis. At present, the model cannot make
predictions for individuals who report the use of hormone-based
medications or facilitate risk prediction for other syndromes
that lead to menstrual irregularity, such as Cushing syndrome
or hypothyroidism. Further limitations of this study include
assigning a single quantitative value to the physician’s
qualitative assignment of risk (low, indeterminate, medium, and
high). Since there is currently no way to assign a range of
probabilities to the physician’s qualitative score, the team was
limited to assigning a single, estimated probability value.
Finally, the irregular cycle feature is currently modeled to have
a high sensitivity and low specificity, erring on the side of
sending more individuals to the physician’s office as an attempt
to capture the majority of individuals at risk for PCOS. It
remains to be seen whether the predictive model will be
adaptable to actual human users.

Under appropriate institutional review board approval, a future
validation study of the irregular cycle feature will be necessary
to assess the utility of the tool between physicians by following
up with users at variable time intervals to determine if a medical
professional diagnosed PCOS or another condition. Future
iterations of this study will use real Clue users to assess the
validity of the irregular cycle feature. In addition, other sources
of data will be considered to train the network to establish
improved conditional dependencies and make additional
adjustments to the Bayesian network.

Conclusions
Despite the limitations of the study, the irregular cycle feature
is an example of how mobile technology may help users manage
their own health and promote subject self-advocacy. By
providing more information about PCOS and giving users
feedback based on information they have collected, the research
team predicts that this feature will provide important information
to those at high risk of the disease and potentially shorten the
time for diagnosis [22,23]. The creation of the irregular cycle
feature may reduce the time to PCOS diagnosis and facilitate
conversations between users and physicians through the Results
Screens and Doctor’s Report.
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Multimedia Appendix 1
Illustrates the questions in the irregular cycle feature screener and the associated abbreviated answer choices.
[PNG File , 58 KB - formative_v4i5e15094_app1.png ]

Multimedia Appendix 2
Categories to assess menstrual irregularities. Three different categories for assessing risk of PCOS were established based on the
Ovulation and Menstruation Health Study. Each of the questions in the ICF questionnaire (excluding the Screener) is included
in the table.
[PNG File , 79 KB - formative_v4i5e15094_app2.png ]

Multimedia Appendix 3
Supplemental Figure 1. The Positive Result Screen that would appear for users with a risk score of 25% or higher in the Clue
app.
[PNG File , 68 KB - formative_v4i5e15094_app3.png ]

Multimedia Appendix 4
Supplemental Figure 2. The Neutral Result Screen that would appear for users with a risk score of 25% or lower in the Clue app.
[PNG File , 62 KB - formative_v4i5e15094_app4.png ]

Multimedia Appendix 5
Supplemental Figure 3. The Inconclusive Result Screen that would appear for users with confounding variables or too much
missing data in the Clue app.
[PNG File , 69 KB - formative_v4i5e15094_app5.png ]

Multimedia Appendix 6
Supplemental Figure 4. The Doctor's Report that would appear for users who had a Positive Result Screen generated in the Clue
app.
[PNG File , 101 KB - formative_v4i5e15094_app6.png ]

Multimedia Appendix 7
Supplemental Figure 5. The Doctor's Report that would appear for users who had a Neutral or Inconclusive Result Screen generated
in the Clue app.
[PNG File , 100 KB - formative_v4i5e15094_app7.png ]

Multimedia Appendix 8
Sensitivity, specificity, and mean difference of irregular cycle feature and physician scores for the 9 virtual test subjects.
[PNG File , 189 KB - formative_v4i5e15094_app8.png ]
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Abstract

Background: Problem gambling is a growing public health issue that is characterized by low rates of face-to-face help seeking.
Helplines and real-time chat services could reduce shortfalls in treatment.

Objective: This study aimed to (1) describe the characteristics of gamblers contacting a government-funded help service, (2)
study the evolution of their characteristics over time, (3) evaluate the differences between subgroups (ie, gender, media used for
gambling, and media used to contact the service), and (4) explore factors influencing referral to care.

Methods: From January 2011 to December 2015, a government-funded gambling helpline and real-time chat website in France
received 9474 contacts from gamblers. Counselors filled in a form for each contact, collecting demographics, gambling
characteristics, and referrals. Time-series analyses were performed. Univariate logistic models were used to assess differences
across subgroups. A multivariate analysis was conducted to determine the variables related to an actual referral.

Results: Gamblers were predominantly men (7017/9474, 74.07%); the average age was 41 years (SD 14). Compared with the
men, the women were older (mean 50.7 years, SD 14.0 vs mean 37.9 years, SD 13.0, respectively; P<.001), were more often
solely offline gamblers (1922/2457, 78.23% vs 4386/7017, 62.51%, respectively; P<.001), and had different gambling patterns.
Compared with helpline contacts, real-time chat contacts were more often men (124/150, 82.7% vs 3643/4881, 74.64%, respectively;
P=.04), younger (mean 32.8 years, SD 12.9 vs mean 41.3 years, SD 14.3, respectively; P<.001), more often poker gamblers
(41/150, 27.3% vs 592/4881, 12.13%, respectively; P<.001), and more often web-based gamblers (83/150, 55.3% vs 1462/4881,
29.95%, respectively; P<.001). Referral was positively associated with betting (adjusted odds ratio [aOR] 1.46, 95% CI 1.27-1.67;
P<.001), casino gambling (aOR 1.38, 95% CI 1.21-1.57; P<.001), scratch cards (aOR 1.83, 95% CI 1.58-2.12; P<.001), poker
gambling (aOR 1.35, 95% CI 1.14-1.61; P<.001), lottery (aOR 1.27, 95% CI 1.03-1.56; P=.03), weekly gambling (aOR 1.73,
95% CI 1.40-2.15; P<.001), request for referral (aOR 17.76, 95% CI 14.92-21.13; P<.001), and a history of suicide attempts
(aOR 2.13, 95% CI 1.51-3.02; P<.001), and it was negatively associated with web-based gambling (aOR 0.86, 95% CI 0.75-0.98;
P=.030) and refusal to be referred (aOR 0.35, 95% CI 0.26-0.49; P<.001).
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Conclusions: The governmental helpline and chat contacts included a broad range of sociodemographic profiles. Compared
with the helpline, real-time chat exchanges reached a younger population of web-based gamblers, which was the target population.
The development of the gambling helpline and help online website is a considerable challenge for the future.

(JMIR Form Res 2020;4(5):e13388)   doi:10.2196/13388

KEYWORDS

gambling; helpline; chat; counseling; gender; time-series analysis

Introduction

Background
Problem gambling is a growing public health issue. A recent
meta-analysis showed that the prevalence rate of problem
gambling in the past year in the general population ranged from
0.12% to 5.8% worldwide and from 0.12% to 3.4% in Europe
[1]. In France, the prevalence rate of problem gambling
increased from 1.3% in 2010 to 1.9% in 2014 [2,3]. Problem
gambling is characterized by low levels of help seeking,
estimated at 7% to 29% depending on the country [3-9]. The
barriers identified to help seeking are (1) intention to handle
gambling problems on one’s own, (2) stigma and minimization
of problems, (3) concerns about treatment content and quality,
(4) lack of knowledge about treatment availability, and (5)
practical issues of attending treatment [10]. One study provided
evidence that help seeking occurred most often when
gambling-related harm had become significant, especially
financial problems, relationship issues, and negative emotions
[11]. Problem gamblers often seek help after they have run out
of other options [12].

Helplines have been used for many years in different settings,
such as suicidal crisis [13], cancer [14], chronic rheumatic
diseases [15], eating disorders [16], or substance use disorders
[17]. Helplines and real-time chat for problem gambling have
been implemented and assessed in several countries [18-25].
The severity of problem gambling has often been found to be
considerable, with high rates of suicidal thoughts observed
among helpline contacts [21-23]. Helpline callers have been
consistently reported to be heterogeneous groups, with gender
differences [19,20,22,25-27]. Most studies on gambling
helplines users have reported characteristics close to those
known in the broader population of problem gamblers, with
more men [19,20,24-26], and gambling types following the
commercial offer at the time of the study [18,24,28]. Contacts
with helplines have been shown to concern mostly first-time
treatment seekers [19,23]. Contacts could thus belong to a
population with serious problems [22,23,26] and uncertain
demands, and to motivate them and provide them with the most
appropriate help could therefore be particularly important. In
2011, more than three-fourths of the contacts to the Problem
Gamblers Help Network of West Virginia, who were offered
guidance, agreed to be referred [23]. Active referral could be
particularly worthwhile in this otherwise untreated population.

In France, in May 1990, on proposal by the Mission
interministérielle de lutte contre les drogues et les conduites
addictives, the government adopted a plan to establish a national
telephone information and prevention service on drugs and drug
addiction under the supervision of Addictions Drogues Alcool

Info Service (ADALIS). Since 2010, the Web-based gambling
market has been open to competition and is being regulated by
the law of May 12, 2010. In June 2010, the telephone helpline
for problem gambling Joueurs Info Service (JIS) was
implemented, followed by the real-time chat website in May
2013. Throughout this study, the term “contact” refers to any
contact with the JIS and does not distinguish between phone
calls to the helpline and the use of real-time chat. The medium
is specified whenever necessary.

Objectives
The purpose of this study was to describe the characteristics of
gamblers who contacted the service over the study period and
to compare them in subgroups according to gender, the media
used for gambling (solely offline or Web-based gamblers), and
the channel used to contact the service (helpline callers or
real-time chat users). It seemed important to study the evolution
of characteristics of the population over time just after the
opening of the Web-based gambling market to competition. We
also explored factors associated with referral to care. As a result
of the opening of the Web-based gambling market to
competition, we were expecting an increase in calls concerning
Web-based gambling, from younger gamblers, and more men
[29,30]. In reference to the international literature on problem
gambling helplines and recent gambling prevalence studies in
France, we hypothesized that men and women, as well as
helpline and real-time chat users, would present different
characteristics and gambling patterns. Specifically, we expected
men to be younger than women [19,20,22,25], men to be more
frequently engaged in poker gambling and bets [3,19,25,31],
and women to gamble more frequently in a casino [18,19,25].
The target population of real-time chat was young and
Web-based gamblers, so we expected real-time chat users to be
younger and to use Web-based gambling more frequently than
helpline callers. In addition, we expected that barriers [10] and
motivators [11] for help seeking would appear as variables
influencing the actual referral of the contacts.

Methods

Description of the Helpline
Since June 2010, under the supervision of the Ministry of
Health, JIS has been a free, national, remote support service for
problem gambling. JIS is based on the rules of anonymity,
confidentiality, neutrality, and absence of moral judgment. Its
missions are to inform, advise, support, and guide contacts. All
the helpline and website staff are salaried and have received
initial training, the aim of which was to develop listening skills
and availability and to acquire the necessary knowledge. The
helpline is accessible from 7:00 AM to 2:00 AM. Since May
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2013, the JIS has also offered real-time chat enabling online
individual interviews. No follow-up is offered following the
contact. Referral is offered at the discretion of the counselors.

Population
Ethical approval (N°2018-031) was obtained from the
institutional review board of Paris Diderot University Hospitals
(IRB 00006477). From the JIS database, several inclusion
criteria were defined for contacts: (1) all contacts between 2011
and 2015, (2) contacts considered to be relevant to the purpose

of JIS, (3) contacts from gamblers and not from gamblers’
relatives, and (4) contacts concerned gambling and not any other
problem behavior. Between January 2011 and December 2015,
the helpline received 83,858 contacts, of which 68,556 (81.75%)
were considered irrelevant, ie, errors or jokes. From the
remaining 15,302 contacts related to the purpose of JIS, 4038
(26.4%) contacts from gamblers’ relatives were excluded, and
we included 9474 (61.9%) contacts who were gamblers (Figure
1).

Figure 1. A flow diagram. JIS: Joueurs Info Service.

Data Collection
For each contact, the counselors systematically collected the
following data: (1) medium used to contact JIS (helpline or
real-time chat); (2) characteristics of the contacts: age and
gender, gambler or relative, and first contact with the platform;
(3) gambling types: bets (included gambling on sports and horse
racing, without distinction), casino, scratch cards, poker, lottery,
and other games; (4) media used for gambling (ie, solely offline,
Web-based, or both); (5) proxies for the severity of problem
gambling: gambling frequency (less than weekly vs weekly or
more), time since gambling initiation, and history of suicide
attempts; (6) contacts’ attitudes to referral (request for referral
or refusal to be referred); (7) actual referral (we considered that
the contact led to an actual referral when he or she was
encouraged to resume a follow-up that already started or to
consult a known or a new address). We considered that the
contact was not referred when he/she was redirected to websites
or helplines related to ADALIS or when he/she was not offered
a referral; (8) self-exclusion. In France, self-exclusions related
to casino venues and Web-based gambling run for 3 years.
Self-excluded gamblers are not accompanied by any type of
medical or social counseling.

Missing Data

Two variables—medium used and duration of the contact—were
automatically collected and, therefore, presented no missing
data. Age, media used for gambling, gambling frequency, and
time since gambling initiation had high rates of missing data
(32.4%, 34.0%, 50.2%, and 59.3%, respectively), while gender
was collected in almost all cases (0.3% missing data). Contact
referral was systematically reported and presented no missing
data. The main reason for missing data was when the counselor
failed to ask the question, which can be considered missing at
random (MAR) [32]. Multiple imputation is a general approach
to the problem of missing data, which aims to allow for the
uncertainty generated by the missing data by creating several
different plausible imputed datasets—using existing values from
other variables—and appropriately combining results obtained
from each of them. Multiple imputation should be used for MAR
data, but multiple imputation can produce more accurate
estimates than a complete case analysis even when MAR
assumptions are not met [33]. Missing data were imputed by
multiple imputation using chained equations, and the package
“mice” version 3.3.0 [34] under R, version 3.4.4, was used for
the imputation.

Data Analysis
For the time-series analyses, univariate linear
regressions—based on multiple imputed data—were calculated
to assess the relationship between the different variables and
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time. Univariate logistic regression analyses based on multiple
imputed data were completed for each of the categories of
independent variables to determine relationships with each
dichotomous dependent variable (male vs female gender, solely
offline vs Web-based or both, and helpline vs real-time chat
users). A multivariate logistic model was constructed from the
univariate model using the stepwise method with backward
elimination to analyze the actual referral of contacts.
Independent variables were examined for collinearity using
correlation matrices before the completion of the multiple
regression analysis. All statistical tests were 2-sided, with a
significance threshold of 0.05. The data were analyzed using R
3.4.4. software.

Results

Description of Contacts
The description of contacts is shown in Table 1. Gamblers were
predominantly men (7017/9474, 74.07%), the mean age was
41.2 years (SD 14.4; IQR 30.0-51.0), with less than 3% of
contacts younger than 20 years and approximately one-quarter
older than 50 years. The average duration of the contact was
14.4 min, but variability was large (SD=24.6). Less than a
quarter (2131/9474, 22.49%) mentioned having contacted the
service previously. The main types of gambling were bets,
casino, scratch cards, and poker. The majority of gamblers used
solely offline gambling (6308/9474, 66.58%), just over a quarter
used only Web-based gambling (2676/9474, 28.25%), and
5.17% (490/9474) used both. The average time since gambling
initiation was 16 years (SD 10.2). Approximately one-quarter
asked for a referral (2279/9474, 24.06%), whereas 2.30%
(218/9474) refused to be referred. More than half the contacts
led to a referral. Very few gamblers reported having a history
of suicide attempts (193/9474, 2.04%), and 5.03% (477/9474)
reported self-exclusion.

Evolution Over Time
We observed stability over the study period for the average age
of the gamblers and the average duration of the contact and for
the proportions of women and weekly or more than weekly
gamblers (see Multimedia Appendix 1). There was an increase
in the proportion of contacts for solely offline gambling

(beta=3.02; 95% CI 1.76-4.27; P<.001) and for certain types of
gambling: casino (beta=2.20; 95% CI 1.24-3.16; P<.001) and
scratch cards (beta=1.23; 95% CI 0.55-1.91; P<.001). In
contrast, the proportion of contacts for bets and lottery games
was stable over the period, and there was a decrease in the
proportion of contacts for poker (beta=−2.35; 95% CI −2.89 to
−1.82; P<.001) and other games (beta=−0.75; 95% CI −1.10 to
−0.40; P<.001). Between May 2013 and December 2015, we
observed an increase in the number of real-time chat users
(beta=3.02; 95% CI 1.76-4.27; P=.005).

Gender Differences
As shown in Table 1, men outnumbered women (7017/9474,
74.07% vs 2457/9474, 25.93%, respectively). The men were
younger than the women (mean 37.9 years, SD 13.0 vs mean
50.7 years, SD 14.0, respectively; P<.001) and were mainly
younger than 40 years (4143/7017, 59.04%), whereas the
majority of women were aged ≥50 years (1387/2457, 56.45%).
Contact durations were the same. There were significant
differences in gambling types between men and women.
Although men betted more than women (3405/7017, 48.52%
vs 409/2457, 16.65%, respectively; P<.001) and were more
frequently engaged in poker gambling (1321/7017, 18.83% vs
134/2457, 5.45%, respectively; P<.001), women compared with
men more frequently gambled in casino games (1144/2457,
46.56% vs 1812/7017, 25.82%, respectively; P<.001), on scratch
cards (696/2457, 28.33% vs 1170/7017, 16.67%, respectively;
P<.001), and on lotteries (302/2457, 12.29% vs 718/7017,
10.23%, respectively; P=.005). Men gambled weekly more
often than women (6359/7017, 90.62% vs 2125/2457, 86.49%,
respectively; P=.001). Compared with men, women were more
often solely offline gamblers (1922/2457, 78.23% vs 4386/7017,
62.51%, respectively; P<.001). There was no difference for
history of suicide attempts. Women were more often
self-excluded than men (157/2457, 6.39% vs 320/7017, 4.56%,
respectively; P<.001). Compared with women, men more often
expressed an attitude toward referral, whether in the form of a
request (1798/7017, 25.62% vs 481/2457, 19.58%, respectively;
P<.001) or refusal (176/7017, 2.51% vs 42/2457, 1.71%,
respectively; P=.02). Men were more likely to be referred than
women (3974/7017, 56.63% vs 1247/2457, 50.75%,
respectively; P<.001).
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Table 1. Characteristics of contacts by gender (N=9474). Univariate logistic regression analysis; the significance code lies on the side where the
proportion, or the mean, is the highest.

FemaleMaleTotalDemographics

2457 (25.93)7017 (74.07)9474 (100.00)Population, n (%)

50.7 (14.0)a37.9 (13.0)41.2 (14.4)Age (years), mean (SD)

13 (0.53)243 (3.46)a256 (2.70)<20

157 (6.39)1838 (26.19)a1995 (21.06)20-29

351 (14.29)2062 (29.39)a2413 (25.47)30-39

549 (22.34)b1544 (22.00)2093 (22.09)40-49

725 (29.51)a837 (11.93)1562 (16.49)50-59

662 (26.94)a493 (7.03)1155 (12.19)≥60

14.1 (13.8)14.5 (27.4)b14.4 (24.6)Duration of contact (min), mean (SD)

Gambling type, n (%)

409 (16.65)3405 (48.52)a3814 (40.26)Bets

1144 (46.56)a1812 (25.82)2956 (31.20)Casino

696 (28.33)a1170 (16.67)1866 (19.70)Scratch cards

134 (5.45)1321 (18.83)a1455 (15.36)Poker

302 (12.29)c718 (10.23)1020 (10.77)Lottery

116 (4.72)350 (4.99)b466 (4.92)Others

Media used for gambling, n (%)

1922 (78.23)a4386 (62.51)6308 (66.58)Solely offline

535 (21.77)2631 (37.49)a3166 (33.42)Web-based or both

Proxies for severity of gambling

2125 (86.49)6359 (90.62)c8484 (89.55)Gambling frequency weekly or more, n (%)

16.6 (10.0)15.7 (10.2)b16.0 (10.2)Time since gambling initiation (years), mean (SD)

58 (2.36)b135 (1.92)193 (2.04)History of suicide attempt, n (%)

Contact demand, n (%)

481 (19.58)1798 (25.62)a2279 (24.06)Referral requested

42 (1.71)176 (2.51)d218 (2.30)Refusal to be referred

Actual referral, n (%)

1247 (50.75)3974 (56.63)a5221 (55.11)Referred

1210 (49.25)a3043 (43.37)4253 (44.89)Nonreferred

157 (6.39)a320 (4.46)477 (5.03)Self-exclusion, n (%)

aP<.001.
bNot significant.
cP<.01.
dP<.05.
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Differences Between Solely Offline and Other
Gamblers
As shown in Table 2, solely offline gamblers were more likely
to be women than Web-based gamblers (1922/6308, 30.5% vs
535/3166, 16.9%, respectively; P<.001). Solely offline gamblers
were older than Web-based gamblers (mean 43.7 years, SD 14.5
vs mean 36.2 years, SD 12.8, respectively; P<.001); the majority
were aged ≥40 years (3697/6308, 58.61%), whereas Web-based
gamblers were mainly aged younger than 40 years (2053/3166,
64.85%). There were significant differences in gambling type
between solely offline and Web-based gamblers. Although
solely offline gamblers, compared with Web-based gamblers,
were more often engaged in casino gambling (2367/6308,
37.52% vs 589/3166, 18.60%, respectively; P<.001), scratch
cards (1678/6308, 26.60% vs 188/3166, 5.94%, respectively;
P<.001), and lotteries (745/6308, 11.81% vs 275/3166, 8.69%,
respectively; P<.001). Web-based gamblers, compared with
solely offline gamblers, were more often engaged in betting
(1556/3166, 49.15% vs 2258/6308, 35.80%, respectively;
P<.001), poker gambling (1138/3166, 35.94% vs 317/6308,
5.03%, respectively; P<.001), and other gambling games
(280/3166, 8.84% vs 186/6308, 2.95%, respectively; P<.001).
There was no between-group difference in the proxy measures
used to assess severity of gambling or for the self-exclusion
rates. Solely offline gamblers, compared with Web-based
gamblers, more frequently requested to be referred (1625/6308,
25.76% vs 654/3166, 20.66%, respectively; P<.001) and were
more often actually referred (3615/6308, 57.31% vs 1606/3166,
50.73%, respectively; P<.001). Web-based gamblers, compared
with solely offline gamblers, more often refused to be referred
(93/3166, 2.94% vs 125/6308, 1.98%, respectively; P=.04).

Differences Between Helpline Calls and Real-Time
Chats
Between May 2013 and December 2015, chat contacts were
very few (150/5031, 3.00%). As shown in Table 3, chat contacts,

compared with helpline contacts, were more likely to be men
(124/150, 82.7% vs 3643/4881, 74.64%, respectively; P=.04)
and younger (mean 32.8 years, SD 12.9 vs mean 41.3 years,
SD 14.3, respectively; P<.001). Chat contacts lasted longer than
helpline contacts (mean 28.6, SD 20.3 vs mean 14.2, SD 13.9,
respectively; P<.001). There was no between-group difference
on the proxy measures of severity of gambling or for
self-exclusion rates. Compared with helpline contacts, chat
contacts were more often engaged in Web-based gambling
(83/150, 55.3% vs 1462/4881, 29.95%, respectively; P<.001),
poker gambling (41/150, 27.3% vs 592/4881, 12.13%,
respectively; P<.001), and other games (16/150, 10.7% vs
182/4881, 3.73%, respectively; P<.001) and less often engaged
in scratch card gambling (11/150, 7.3% vs 1043/4881, 21.37%,
respectively; P<.001). Chat contacts, compared with helpline
contacts, less often asked to be referred (24/150, 16.0% vs
1258/4881, 25.77%, respectively; P=.008), but there was no
significant difference for actual referrals.

Differences Between Referred and Nonreferred
Gamblers
The multivariate logistic analysis (Table 4) enabled us to identify
the following factors positively and independently associated
with actual referral: betting (adjusted odds ratio, aOR 1.46, 95%
CI 1.27-1.67; P<.001), casino gambling (aOR 1.38, 95% CI
1.21-1.57; P<.001), scratch cards (aOR 1.83, 95% CI 1.58-2.12;
P<.001), poker gambling (aOR 1.35, 95% CI 1.14-1.61;
P<.001), lottery (aOR 1.27, 95% CI 1.03-1.56; P=.03), gambling
weekly (aOR 1.73, 95% CI 1.40-2.15; P<.001), referral
requested (aOR 17.76, 95% CI 14.92-21.13; P<.001), and having
a history of suicide attempts (aOR 2.13, 95% CI 1.51-3.02;
P<.001). The following factors were negatively and
independently associated with actual referral: Web-based
gambling (aOR 0.86, 95% CI 0.75-0.98; P=.03) and refusal to
be referred (aOR 0.35, 95% CI 0.26-0.49; P<.001).
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Table 2. Characteristics of contacts by media used for gambling (N=9474). Univariate logistic regression analysis; the significance code lies on the
side where the proportion, or the mean, is the highest.

Web-based or bothSolely offlineDemographics

3166 (33.42)6308 (66.58)Population, n (%)

Gender, n (%)

2631 (83.10)a4386 (69.53)Male

535 (16.90)1922 (30.47)aFemale

36.2 (12.8)43.7 (14.5)aAge (years), mean (SD)

143 (4.52)a113 (1.79)<20

965 (30.48)a1030 (16.33)20-29

945 (29.85)a1468 (23.27)30-39

611 (19.30)1482 (23.49)a40-49

314 (9.92)1248 (19.78)a50-59

188 (5.94)967 (15.33)a≥60

14.8 (28.5)b14.2 (22.5)Duration of contact (min), mean (SD)

Gambling type

1556 (49.15)a2258 (35.80)Bets

589 (18.60)2367 (37.52)aCasino

188 (5.94)1678 (26.60)aScratch cards

1138 (35.94)a317 (5.03)Poker

275 (8.69)745 (11.81)aLottery

280 (8.84)a186 (2.95)Others

Proxies for severity of gambling

2854 (90.15)b5630 (89.25)Gambling frequency weekly or more, n (%)

14.5 (9.6)16.7 (10.3)bTime since gambling initiation (years), mean (SD)

62 (1.96)131 (2.08)bHistory of suicide attempt, n (%)

Contact demand, n (%)

654 (20.66)1625 (25.76)aReferral requested

93 (2.94)c125 (1.98)Refusal to be referred

Actual referral, n (%)

1606 (50.73)3615 (57.31)aReferred

1560 (49.27)a2692 (42.68)Nonreferred

161 (5.09)b316 (5.01)Self-exclusion, n (%)

aP<.001.
bNot significant.
cP<.05.
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Table 3. Characteristics of contact who accessed the helpline and real-time chat (N=5031). Univariate logistic regression analysis; the significance
code lies on the side where the proportion, or the mean, is the highest.

Real-time chatHelplineDemographics

150 (2.98)4881 (97.02)Population, n (%)

Gender, n (%)

124 (82.7)a3643 (74.64)Male

26 (17.3)1238 (25.36)aFemale

32.8 (12.9)41.3 (14.3)bAge (years), mean (SD)

14 (9.3)b122 (2.50)<20

65 (43.3)b1012 (20.73)20-29

35 (23.3)1283 (26.29)c30-39

17 (11.3)1082 (22.17)a40-49

12 (8.0)787 (16.12)a50-59

7 (4.7)595 (12.19)a≥60 or older

28.6 (20.3)b14.2 (13.9)Duration of contact (min), mean (SD)

Gambling type, n (%)

69 (46.0)c2006 (41.10)Bets

43 (28.7)1650 (33.80)cCasino

11 (7.3)1043 (21.37)bScratch cards

41 (27.3)b592 (12.13)Poker

10 (6.7)515 (10.55)cLottery

16 (10.7)b182 (3.73)Others

Media for gambling, n (%)

67 (44.7)3419 (70.05)bSolely offline

83 (55.3)b1462 (29.95)Web-based or both

Proxies for severity of gambling

130 (86.7)4418 (90.51)cGambling frequency weekly or more, n (%)

20.1 (9.7)c14.1 (9.2)Time since gambling initiation (years), mean (SD)

4 (2.7)c110 (2.25)History of suicide attempt, n (%)

Contact demand, n (%)

24 (16.0)1258 (25.77)dReferral requested

6 (4.0)c101 (2.07)Refusal to be referred

Actual referral, n (%)

78 (52.0)2879 (58.98)cReferred

72 (48.0)c2002 (41.02)Nonreferred

9 (6.0)c247 (5.06)Self-exclusion, n (%)

aP<.05.
bP<.001.
cNot significant.
dP<.01.
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Table 4. Association between the actual referral and the characteristics of the gamblers (a multivariate logistic regression analysis).

P valueAdjusted odds ratio (95% CI)Independent variables 

Gender

RefRefaFemale

.071.12 (0.99-1.26)Male

Age (years)

.360.85 (0.60-1.20)<20

.100.88 (0.75-1.03)20-29

RefRef30-39

.620.96 (0.82-1.13)40-49

.090.86 (0.72-1.02)50-59

.110.85 (0.69-1.04)≥60

Gambling type

<.001Bets

RefNo

1.46 (1.27-1.67)Yes

<.001Casino

RefNo

1.38 (1.21-1.57)Yes

<.001Scratch cards

RefNo

1.83 (1.58-2.12)Yes

<.001Poker

RefNo

1.35 (1.14-1.61)Yes

Lottery

RefRefNo

.031.27 (1.03-1.56)Yes

Media used for gambling

RefRefSolely offline

.030.86 (0.75-0.98)Web-based and both

Proxies for severity of gambling

Gambling frequency

RefRefLess than a week

<.0011.73 (1.40-2.15)Weekly or more

History of suicide attempts

RefRefNo

<.0012.13 (1.51-3.02)Yes

Contact demand

Referral requested

RefRefNo

<.00117.76 (14.92-21.13)Yes

Refusal to be referred

RefRefNo
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P valueAdjusted odds ratio (95% CI)Independent variables 

<.0010.35 (0.26-0.49)Yes

aRef: reference.

Discussion

Principal Findings
We included 9474 contacts from gamblers over 5 years, among
whom 55.1% (5221/9474) were referred. Our main findings
were that real-time chat contacts differed significantly from
helpline contacts, as they were younger and more often
Web-based gamblers, and that referral was not only associated
with gambling severity variables, such as a history of suicide
attempts and gambling frequency, but also with Web-based
gambling per se. In addition, referral was associated with a
demand for referral, but female contacts less often expressed a
demand for referral.

Evolution Over the Study Period
The decrease observed in poker-gambling contacts over the
study period could be explained by a decline in the turnover of
the legal poker market in France in 2013 [31]. In addition, the
decrease in frequency of the other games could correspond to
a decrease in gambling not included in the legal offer and thus
to a possible regression of illegal gambling. Thus, helplines
could be an interesting epidemiological tool for tracking
problems related to gambling that follow the commercial offer
of gambling activities [28]. On the contrary, the increase in the
proportion of contacts engaged solely in offline gambling does
not reflect the market, as Web-based gambling is growing fast
and seems to cause more problems [29] and to be related to less
help seeking [30] than offline gambling. One hypothesis is that
the problem gambling prevention campaign, which accompanied
the opening of the Web-based gambling market in 2010, may
have attracted people who already had a gambling problem and
were therefore mostly solely offline gamblers. Communication
on the services available for problem gambling was a part of
this prevention campaign.

Gender Differences
Our study highlights gender differences among the contacts
made by gamblers. Contacts were more often men, which is
consistent with several studies [19,20,24,26] and with the latest
epidemiological survey in France, which evidenced 70% of men
among problem gamblers [3]. Female gamblers were older, as
in several other studies [19,20,22,26]. The types of gambling
were different between men and women: men were more often
engaged in betting and poker gambling, and women were more
often engaged in casino gambling, scratch cards, and lotteries.
These differences were also found in several previous studies
[19,20,26] on problem gambling and support the quality of our
data. Male and female gamblers seemed to present the same
levels of severity as assessed with the proxy variables used here,
ie, gambling frequency, time since gambling initiation, and
history of suicide attempts, supporting other findings where
severity was assessed on the Problem Gambling Severity Index
[26]. Other studies showed even greater severity among women.
However, women were less likely to express a demand for

referral. This could be a special situation, with women having
as severe a gambling problem as men, seeking help, but more
reluctant than men to express a demand for formal guidance.
This element suggests that the follow-up of female gamblers
could involve a taboo, indirectly fueling the treatment gap.
However, even if little information is available about gender
differences in barriers to seeking help, men might be more
vulnerable than women to shame, embarrassment, pride, or
stigma [10].

Actual Referral
The referral rate in this study was lower than that found in other
studies [23]. According to our hypothesis, contacts’ attitudes
(ie, referral requested or refusal to be referred) were not the
only predictor of being referred. The severity of the pathology
as assessed by the two proxies (ie, gambling frequency and
history of suicide attempts) was predictor of being referred. We
noted that Web-based gamblers were less often referred,
although they appear to be the category of gamblers that is
increasing most markedly [3,29].

Helpline Versus Real-Time Chat
It should be noted that despite the spectacular increase in the
use of the internet in our lives, the telephone proved to be much
more popular (97.0% of contacts between May 2013 and
December 2015) when seeking help in the context of problem
gambling in France. It is our opinion that the very low level of
use of real-time chat compared with the helpline could be
because of the lack of publicity for the online service. In the
advertising strategy, the only general measure consists in the
obligation to display a health message with the phone number
of JIS in any commercial communication in favor of a gambling
operator. In addition, there is little communication about the
internet services offered by JIS. The launch of real-time chat in
May 2013 was intended to reach a younger population that is
more likely to be using the internet, and it seems that this
objective was attained, even though the total number of users
of real-time chat was relatively small. Even if its use is
increasing, the promotion of the real-time chat service could
enable faster growth. Owing to the massive increase in the use
of the internet in our lives and the fast development of the
Web-based gambling market [3,29], reaching gamblers on the
internet will clearly be the challenge for the future. We
demonstrated that chat interviews could be particularly suited
to young Web-based gamblers. However, this type of online
contact should not prevent referral, as helpline and chat contacts
presented the same levels of severity assessed with the chosen
proxies.

Limitations
The JIS does not use a screening tool or diagnostic scale for
problem gambling, which could have enabled a better clinical
characterization of the population. It is highly probable that
most gamblers contacting the helpline or real-time chats were
problem gamblers, as demonstrated in other studies in similar

JMIR Form Res 2020 | vol. 4 | iss. 5 |e13388 | p.73http://formative.jmir.org/2020/5/e13388/
(page number not for citation purposes)

Darbeda et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


settings (94% [26], 91% [22], and 82% [23]). By nature, contacts
were gamblers who had identified damage related to gambling
and felt the need to ask for help. The proxy measures used to
assess severity should thus be interpreted with considerable
caution.

Contacts were anonymous, but counselors noted that 19.7% of
the gamblers mentioned having contacted the service previously
(the missing data on this variable were high, at 77.5%, and were
not imputed). Thus, there could be a proportion of duplicates
among the contacts. This observation should be put into
perspective, because each call is anonymous and there is no
possible follow-up via JIS, so each contact was considered as
a new event. For some patients, the service could be sufficient,
as found in one study after a single session, showing
improvement in psychological outcomes (ie, increased
confidence score and decreased distress) [35], or in another,
which observed a decrease in the number of days of gambling
and in financial losses [36]. In addition, we have no information
of individuals’ attendance in care facilities following referral.
The gap between referral and actual attendance could be around
20% according to one study [23]. This raises the importance of
not targeting a low referral rate, as, later, attendance for
face-to-face appointments would probably be even lower. The
JIS structure for problem gambling could benefit from
improvements through the development of partnerships with
care centers offering face-to-face appointments directly and as
quickly as possible, as is the case, eg, in Australia [26].

Clinical Implications
In the literature, recourse to gambling helplines is often a first
contact. In 2001, the majority of gamblers using the New
England helpline were seeking help for the first time [19].
Similarly, in 2011, about 90% of people using the West Virginia
Problem Gamblers Help Network had never previously sought
help for problem gambling [23]. The use of this kind of service

could serve as a catalyst and enable people to access face-to-face
care facilities. Thus, 55% of people using the West Virginia
Problem Gamblers Help Network attended a face-to-face
assessment interview [23]. More than 90% of participants on
the Gambling Help Online website between November 2010
and February 2012 accessed further help from formal or
nonformal support facilities following a helpline contact [35].
The use of new technologies, such as real-time chats, could help
to remove some of the barriers to treatment encountered by
gamblers [37] and could be a valuable tool to prevent early
complications of gambling addiction, such as spiraling social
costs and suicidal tendencies. Reasons reported by participants
who had completed an online counseling session for problem
gambling on the Gambling Help Online website between
November 2010 and February 2012 fell into four categories:
confidentiality and anonymity, convenience and accessibility,
service system access, and a preference for the therapeutic
medium [38]. With the development of internet-based therapy,
JIS could be the tool of choice to treat a population that cannot
or will not visit a face-to-face specialized care facility.

Conclusions
This is the first study describing contacts to a national helpline
and chat service for problem gambling in France. The referral
rate was low and linked to gamblers’ demands and the severity
of problem gambling. It was also lower among Web-based
gamblers. Female gamblers less often expressed a demand for
referral, and an effort could be made to facilitate communication
among female gamblers and to detect their needs to help them
more effectively. The real-time chat mode seems to respond to
the need to broaden the media offer for help, reaching a younger
population of Web-based gamblers. However, it is underused,
and its development is a major challenge for the future. Overall,
increasing the referral rate after initial non–face-to-face contact
is a public health issue, and our study provides avenues for
improving the referral rate.

 

Acknowledgments
The authors would like to thank the contributions of Karine Grouard and Laurent Decorse from ADALIS and all ADALIS
employees for the work they do and the help they provide to gamblers and people experiencing difficulties with other addictions.
The authors also thank Angela Verdier for English editorial assistance.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Monthly time series (2011-2015, except for (12) May 2013-December 2015), trends, and regression lines for characteristics of
Joueurs Info Service contacts from gamblers: (1) Proportion of women; (2) Mean age of contacts; (3) Mean duration of contacts;
(4) Proportion of bets; (5) Proportion of casino games; (6) Proportion of scratch cards; (7) Proportion of poker; (8) Proportion of
lottery; (9) Proportion of other games; (10) Proportion of solely offline gamblers; (11) Proportion of weekly gamblers; (12)
Proportion of real-time chat users.
[PNG File , 270 KB - formative_v4i5e13388_app1.png ]

References
1. Calado F, Griffiths MD. Problem gambling worldwide: An update and systematic review of empirical research (2000-2015).

J Behav Addict 2016 Dec;5(4):592-613 [FREE Full text] [doi: 10.1556/2006.5.2016.073] [Medline: 27784180]

JMIR Form Res 2020 | vol. 4 | iss. 5 |e13388 | p.74http://formative.jmir.org/2020/5/e13388/
(page number not for citation purposes)

Darbeda et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://jmir.org/api/download?alt_name=formative_v4i5e13388_app1.png&filename=ae58a964f2220e17a8c15b3a01a98e06.png
https://jmir.org/api/download?alt_name=formative_v4i5e13388_app1.png&filename=ae58a964f2220e17a8c15b3a01a98e06.png
http://europepmc.org/abstract/MED/27784180
http://dx.doi.org/10.1556/2006.5.2016.073
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27784180&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


2. Costes J, Pousset M, Eroukmanoff V, Le Nezet O, Richard J, Guignard R, et al. [Levels and practices of gambling in 2010].
Tendances 2011;77:1-8 [FREE Full text]

3. Costes JM, Eroukmanoff V, Richard JB, Tovar ML. [Gambling in France in 2014]. Notes Obs Jeux 2015;6:1-9 [FREE Full
text]

4. Slutske WS. Natural recovery and treatment-seeking in pathological gambling: results of two US national surveys. Am J
Psychiatry 2006 Feb;163(2):297-302. [doi: 10.1176/appi.ajp.163.2.297] [Medline: 16449485]

5. Volberg R, Nysse-Carris K. 2006 California problem gambling prevalence survey: Appendices Internet. Chicago: National
Opinion Research Centre (NORC) at the University of Chicago; Aug 2006.

6. Cunningham JA. Little use of treatment among problem gamblers. Psychiatr Serv 2005 Aug;56(8):1024-1025. [doi:
10.1176/appi.ps.56.8.1024-a] [Medline: 16088027]

7. Suurvali H, Hodgins D, Toneatto T, Cunningham J. Treatment seeking among Ontario problem gamblers: results of a
population survey. Psychiatr Serv 2008 Nov;59(11):1343-1346. [doi: 10.1176/ps.2008.59.11.1343] [Medline: 18971414]

8. Productivity Commission. Gambling, Report no. 50. Canberra: Productivity Commission; 2010.
9. Ministry of Health. Preventing and Minimising Gambling Harm: Three-year service plan 2007-2010. Wellington: Ministry

of Health; 2007.
10. Suurvali H, Cordingley J, Hodgins DC, Cunningham J. Barriers to seeking help for gambling problems: a review of the

empirical literature. J Gambl Stud 2009 Sep;25(3):407-424. [doi: 10.1007/s10899-009-9129-9] [Medline: 19551495]
11. Suurvali H, Hodgins DC, Cunningham JA. Motivators for resolving or seeking help for gambling problems: a review of

the empirical literature. J Gambl Stud 2010 Mar;26(1):1-33. [doi: 10.1007/s10899-009-9151-y] [Medline: 19768660]
12. Evans L, Delfabbro PH. Motivators for change and barriers to help-seeking in Australian problem gamblers. J Gambl Stud

2005;21(2):133-155. [doi: 10.1007/s10899-005-3029-4] [Medline: 15870984]
13. Mishara BL, Daigle M, Bardon C, Chagnon F, Balan B, Raymond S, et al. Comparison of the effects of telephone suicide

prevention help by volunteers and professional paid staff: results from studies in the USA and Quebec, Canada. Suicide
Life Threat Behav 2016 Oct;46(5):577-587 [FREE Full text] [doi: 10.1111/sltb.12238] [Medline: 26946110]

14. Leydon GM, Stuart B, Danquah L, Ekberg K, Brindle L, Latter S, et al. A descriptive survey of cancer helplines in the
United Kingdom: Who they are, the services offered, and the accessibility of those services. Psychooncology 2017
Aug;26(8):1140-1146. [doi: 10.1002/pon.4293] [Medline: 27718527]

15. Scrivo R, Priori R, Coppola M, Minniti A, Brandt J, Picarelli G, et al. Use of a contact center telephone helpline in
rheumatology outpatient management: a five-year experience analysis and patients' perception. Mod Rheumatol 2014
Jul;24(4):585-589. [doi: 10.3109/14397595.2013.844396] [Medline: 24252008]

16. Prior A, Woodward D, Hoefkens T, Clayton D, Thirlaway K, Limbert C. Telephone helplines as a source of support for
eating disorders: Service user, carer, and health professional perspectives. Eat Disord 2018;26(2):164-184. [doi:
10.1080/10640266.2017.1364934] [Medline: 29192839]

17. Gates P. The effectiveness of helplines for the treatment of alcohol and illicit substance use. J Telemed Telecare 2015
Jan;21(1):18-28. [doi: 10.1177/1357633X14555643] [Medline: 25331545]

18. Griffiths M, Scarfe A, Bellringer P. The UK national telephone gambling helpline-results on the first year of operation. J
Gambl Stud 1999;15(1):83-90. [doi: 10.1023/a:1023071113879] [Medline: 12766456]

19. Potenza MN, Steinberg MA, McLaughlin SD, Wu R, Rounsaville BJ, O'Malley SS. Gender-related differences in the
characteristics of problem gamblers using a gambling helpline. Am J Psychiatry 2001 Sep;158(9):1500-1505. [doi:
10.1176/appi.ajp.158.9.1500] [Medline: 11532738]

20. Rodda S, Lubman DI. Characteristics of gamblers using a national online counselling service for problem gambling. J
Gambl Stud 2014 Jun;30(2):277-289. [doi: 10.1007/s10899-012-9352-7] [Medline: 23297169]

21. Sullivan S, Abbott M, McAvoy B, Arroll B. Pathological gamblers--will they use a new telephone hotline? N Z Med J 1994
Aug 10;107(983):313-315. [Medline: 8052468]

22. Abait PE, Folino JO. [Gamblers seeking for help]. Vertex 2008;19(82):325-333. [Medline: 19424515]
23. Weinstock J, Burton S, Rash CJ, Moran S, Biller W, Krudelbach N, et al. Predictors of engaging in problem gambling

treatment: data from the West Virginia Problem Gamblers Help Network. Psychol Addict Behav 2011 Jun;25(2):372-379
[FREE Full text] [doi: 10.1037/a0023240] [Medline: 21480678]

24. Sinclair H, Pretorius A, Stein DJ. A counselling line for problem and pathological gambling in South Africa: Preliminary
data analysis. J Behav Addict 2014 Sep;3(3):199-202 [FREE Full text] [doi: 10.1556/JBA.3.2014.017] [Medline: 25317344]

25. Bastiani L, Fea M, Potente R, Luppi C, Lucchini F, Molinaro S. National helpline for problem gambling: a profile of its
users' characteristics. J Addict 2015;2015:659731 [FREE Full text] [doi: 10.1155/2015/659731] [Medline: 26064772]

26. Rodda SN, Hing N, Lubman DI. Improved outcomes following contact with a gambling helpline: the impact of gender on
barriers and facilitators. International Gambling Studies 2014 Jun 20;14(2):318-329. [doi: 10.1080/14459795.2014.921721]

27. Kim HS, Hodgins DC, Bellringer M, Abbott M. Gender differences among helpline callers: prospective study of gambling
and psychosocial outcomes. J Gambl Stud 2016 Jun;32(2):605-623. [doi: 10.1007/s10899-015-9572-8] [Medline: 26341730]

28. Sullivan SG, McCormick R, Sellman JD. Increased requests for help by problem gamblers: data from a gambling crisis
telephone hotline. N Z Med J 1997 Oct 10;110(1053):380-383. [Medline: 9364187]

JMIR Form Res 2020 | vol. 4 | iss. 5 |e13388 | p.75http://formative.jmir.org/2020/5/e13388/
(page number not for citation purposes)

Darbeda et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.ofdt.fr/publications/collections/periodiques/lettre-tendances/niveaux-et-pratiques-jeux-de-hasard-et-argent-en-2010-tendances-77-septembre-2011/
https://www.economie.gouv.fr/files/files/directions_services/observatoire-des-jeux/Note_6.pdf
https://www.economie.gouv.fr/files/files/directions_services/observatoire-des-jeux/Note_6.pdf
http://dx.doi.org/10.1176/appi.ajp.163.2.297
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16449485&dopt=Abstract
http://dx.doi.org/10.1176/appi.ps.56.8.1024-a
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16088027&dopt=Abstract
http://dx.doi.org/10.1176/ps.2008.59.11.1343
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18971414&dopt=Abstract
http://dx.doi.org/10.1007/s10899-009-9129-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19551495&dopt=Abstract
http://dx.doi.org/10.1007/s10899-009-9151-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19768660&dopt=Abstract
http://dx.doi.org/10.1007/s10899-005-3029-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15870984&dopt=Abstract
http://europepmc.org/abstract/MED/26946110
http://dx.doi.org/10.1111/sltb.12238
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26946110&dopt=Abstract
http://dx.doi.org/10.1002/pon.4293
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27718527&dopt=Abstract
http://dx.doi.org/10.3109/14397595.2013.844396
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24252008&dopt=Abstract
http://dx.doi.org/10.1080/10640266.2017.1364934
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29192839&dopt=Abstract
http://dx.doi.org/10.1177/1357633X14555643
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25331545&dopt=Abstract
http://dx.doi.org/10.1023/a:1023071113879
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12766456&dopt=Abstract
http://dx.doi.org/10.1176/appi.ajp.158.9.1500
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11532738&dopt=Abstract
http://dx.doi.org/10.1007/s10899-012-9352-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23297169&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8052468&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19424515&dopt=Abstract
http://europepmc.org/abstract/MED/21480678
http://dx.doi.org/10.1037/a0023240
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21480678&dopt=Abstract
http://europepmc.org/abstract/MED/25317344
http://dx.doi.org/10.1556/JBA.3.2014.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25317344&dopt=Abstract
https://dx.doi.org/10.1155/2015/659731
http://dx.doi.org/10.1155/2015/659731
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26064772&dopt=Abstract
http://dx.doi.org/10.1080/14459795.2014.921721
http://dx.doi.org/10.1007/s10899-015-9572-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26341730&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=9364187&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


29. Eroukmanoff V, Costes JM, Tovar ML. [Poker players, a population with a particular profile]. Notes Obs Jeux 2014;3:1-4
[FREE Full text]

30. Donders AR, van der Heijden GJ, Stijnen T, Moons KG. Review: a gentle introduction to imputation of missing values. J
Clin Epidemiol 2006 Oct;59(10):1087-1091. [doi: 10.1016/j.jclinepi.2006.01.014] [Medline: 16980149]

31. Graham JW. Missing data analysis: making it work in the real world. Annu Rev Psychol 2009;60:549-576. [doi:
10.1146/annurev.psych.58.110405.085530] [Medline: 18652544]

32. Buuren SV, Groothuis-Oudshoorn K. mice: Multivariate Imputation by Chained Equations in R. J Stat Soft 2011;45(3).
[doi: 10.18637/jss.v045.i03]

33. Tovar ML, Costes J, Eroukmanoff V. [Online gambling in France in 2012]. Tendances 2013;85:1-6 [FREE Full text]
34. Hing N, Russell AM, Gainsbury SM, Blaszczynski A. Characteristics and help-seeking behaviors of internet gamblers

based on most problematic mode of gambling. J Med Internet Res 2015 Jan 7;17(1):e13 [FREE Full text] [doi:
10.2196/jmir.3781] [Medline: 25567672]

35. Rodda SN, Lubman DI, Jackson AC, Dowling NA. Improved outcomes following a single session web-based intervention
for problem gambling. J Gambl Stud 2017 Mar;33(1):283-299. [doi: 10.1007/s10899-016-9638-2] [Medline: 27562272]

36. Abbott M, Hodgins DC, Bellringer M, Vandal AC, Du Preez KP, Landon J, et al. Brief telephone interventions for problem
gambling: a randomized controlled trial. Addiction 2018 May;113(5):883-895. [doi: 10.1111/add.14149] [Medline: 29274179]

37. van der Maas M, Shi J, Elton-Marshall T, Hodgins DC, Sanchez S, Lobo DS, et al. Internet-based interventions for problem
gambling: scoping review. JMIR Ment Health 2019 Jan 7;6(1):e65 [FREE Full text] [doi: 10.2196/mental.9419] [Medline:
30617046]

38. Rodda S, Lubman DI, Dowling NA, Bough A, Jackson AC. Web-based counseling for problem gambling: exploring
motivations and recommendations. J Med Internet Res 2013 May 24;15(5):e99 [FREE Full text] [doi: 10.2196/jmir.2474]
[Medline: 23709155]

Abbreviations
ADALIS: Addictions Drogues Alcool Info Service
aOR: adjusted odds ratio
JIS: Joueurs Info Service
MAR: missing at random

Edited by G Eysenbach; submitted 13.01.19; peer-reviewed by S Rodda, D Hodgins, M Bellringer, MS Aslam; comments to author
28.04.19; revised version received 24.06.19; accepted 29.11.19; published 20.05.20.

Please cite as:
Darbeda S, Aubin HJ, Lejoyeux M, Luquiens A
Characteristics of Gamblers Who Use the French National Problem Gambling Helpline and Real-Time Chat Facility: Longitudinal
Observational Study
JMIR Form Res 2020;4(5):e13388
URL: http://formative.jmir.org/2020/5/e13388/ 
doi:10.2196/13388
PMID:32432554

©Stéphane Darbeda, Henri-Jean Aubin, Michel Lejoyeux, Amandine Luquiens. Originally published in JMIR Formative Research
(http://formative.jmir.org), 20.05.2020. This is an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction
in any medium, provided the original work, first published in JMIR Formative Research, is properly cited. The complete
bibliographic information, a link to the original publication on http://formative.jmir.org, as well as this copyright and license
information must be included.

JMIR Form Res 2020 | vol. 4 | iss. 5 |e13388 | p.76http://formative.jmir.org/2020/5/e13388/
(page number not for citation purposes)

Darbeda et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

https://www.economie.gouv.fr/files/files/directions_services/observatoire-des-jeux/Note_3.pdf
http://dx.doi.org/10.1016/j.jclinepi.2006.01.014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16980149&dopt=Abstract
http://dx.doi.org/10.1146/annurev.psych.58.110405.085530
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18652544&dopt=Abstract
http://dx.doi.org/10.18637/jss.v045.i03
https://www.ofdt.fr/publications/collections/periodiques/lettre-tendances/jeux-argent-hasard-sur-internet-france-2012-tendances-85-juin-2013/
https://www.jmir.org/2015/1/e13/
http://dx.doi.org/10.2196/jmir.3781
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25567672&dopt=Abstract
http://dx.doi.org/10.1007/s10899-016-9638-2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27562272&dopt=Abstract
http://dx.doi.org/10.1111/add.14149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29274179&dopt=Abstract
https://mental.jmir.org/2019/1/e65/
http://dx.doi.org/10.2196/mental.9419
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30617046&dopt=Abstract
https://www.jmir.org/2013/5/e99/
http://dx.doi.org/10.2196/jmir.2474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23709155&dopt=Abstract
http://formative.jmir.org/2020/5/e13388/
http://dx.doi.org/10.2196/13388
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32432554&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/


Original Paper

Toward Gamified Pain Management Apps: Mobile Application
Rating Scale–Based Quality Assessment of Pain-Mentor’s First
Prototype Through an Expert Study

Alexandra Hoffmann1, PhD; Corinna A Faust-Christmann1, PhD; Gregor Zolynski1, PhD; Gabriele Bleser1, PhD
Junior Research Group wearHEALTH, Department of Computer Science, Technische Universität Kaiserslautern, Kaiserslautern, Germany

Corresponding Author:
Alexandra Hoffmann, PhD
Junior Research Group wearHEALTH
Department of Computer Science
Technische Universität Kaiserslautern
Gottlieb-Daimler-Straße 48
Kaiserslautern, 67663
Germany
Phone: 49 631 205 3456
Email: hoffmann@cs.uni-kl.de

Abstract

Background: The use of health apps to support the treatment of chronic pain is gaining importance. Most available pain
management apps are still lacking in content quality and quantity as their developers neither involve health experts to ensure
target group suitability nor use gamification to engage and motivate the user. To close this gap, we aimed to develop a gamified
pain management app, Pain-Mentor.

Objective: To determine whether medical professionals would approve of Pain-Mentor’s concept and content, this study aimed
to evaluate the quality of the app’s first prototype with experts from the field of chronic pain management and to discover necessary
improvements.

Methods: A total of 11 health professionals with a background in chronic pain treatment and 2 mobile health experts participated
in this study. Each expert first received a detailed presentation of the app. Afterward, they tested Pain-Mentor and then rated its
quality using the mobile application rating scale (MARS) in a semistructured interview.

Results: The experts found the app to be of excellent general (mean 4.54, SD 0.55) and subjective quality (mean 4.57, SD 0.43).
The app-specific section was rated as good (mean 4.38, SD 0.75). Overall, the experts approved of the app’s content, namely,
pain and stress management techniques, behavior change techniques, and gamification. They believed that the use of gamification
in Pain-Mentor positively influences the patients’ motivation and engagement and thus has the potential to promote the learning
of pain management techniques. Moreover, applying the MARS in a semistructured interview provided in-depth insight into the
ratings and concrete suggestions for improvement.

Conclusions: The experts rated Pain-Mentor to be of excellent quality. It can be concluded that experts perceived the use of
gamification in this pain management app in a positive manner. This showed that combining pain management with gamification
did not negatively affect the app’s integrity. This study was therefore a promising first step in the development of Pain-Mentor.

(JMIR Form Res 2020;4(5):e13170)   doi:10.2196/13170

KEYWORDS

mHealth; chronic pain; stress management; pain management; health app; gamification; health professional

Introduction

Background
Approximately one-third of the American and European
population suffers from chronic pain [1,2]. This makes chronic

pain a major health care problem that needs to be taken more
seriously [2]. With profound negative consequences on
psychological, social, physical, and economic aspects for those
affected, chronic pain can have a serious negative impact on a
person’s overall quality of life [3-6].
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Next to medical treatments (eg, medication, surgical
rehabilitation, and physical therapy), psychological treatments
are an important aspect of pain management [1].

In fact, the combination of 5 theory-based functionalities,
namely, pain-related education, self-monitoring, goal setting,
social support, and the training of self-care strategies, has been
suggested to promote the self-management of chronic pain
[7-11]. As patients need to understand and manage the thoughts,
emotions, and behaviors that often accompany chronic pain [1],
the mediated self-care strategies should include stress-coping
skills such as relaxation techniques, problem solving, and
communication skills training [12-14]. Multimodal approaches
that integrate these aspects can improve the overall quality of
life in patients with chronic pain, as compared with treatments
that are strictly medication focused [15-17].

However, the integration of multimodal approaches into routine
primary and tertiary care has been slow [2]. Major barriers such
as poor accessibility because of geographical reasons, limited
availability of trained professionals, and high therapy-related
costs keep patients from accessing pain-specific education and
psychological treatment [18-20]. As a result, most patients never
receive the required education or skills training to promote
self-management of pain [19-21].

However, the care for chronic pain is no longer strictly limited
to medical environments and clinician-guided telehealth because
of the rising number of mobile health (mHealth) products [22].
mHealth describes the use of mobile technology to improve
health [23] by affecting the user’s education, motivation, and
adherence [24,25]. It has already been applied to support mental
as well as physical health programs [26]. As such, mHealth can
enhance the self-management of chronic conditions [27]. Indeed,
preliminary evidence suggests that pain management apps have
great potential to support chronic pain treatment and are well
received by patients [12,28] and health care professionals [29].
In fact, a majority of studies reviewed by Thurnheer et al [29]
showed beneficial effects of the use of pain management apps
on pain severity. As such apps are available anywhere, anytime
[30], they can reduce the frequency and cost of face-to-face
interventions [31]. Moreover, they can combine a variety of
features (eg, educational content, a diary, personalized
recommendations, and communication with health care
professionals) within one app [29]. As a result, they have the
potential to make health care systems more effective [31].

To ensure their effectiveness, apps for chronic pain management
must be based on evidence-based content (ie, pain-related
education, self-monitoring, goal setting, social support, and the
training of self-care strategies including stress management)
[23,32,33]. Even though these aspects are easy enough to
implement, app reviews show that existing pain management
apps have limited content. Rather than providing evidence-based
behavior change programs, the reviewed pain management apps
reveal a lack of combination of evidence-based functionalities
[34-36]. Indeed, most apps only include 1 of the 5 suggested
components [34,36]. Apps mostly focus on supplying
information [34-36]. They seldom help to achieve social support
and often lack evidence-based self-care skills and tracking of
the multidimensional experience of pain. Most apps only allow

to track pain intensity (eg, FitBack [12]) [34,35,37,38]. Some
apps also allow the user to track other pain-related aspects such
as pain location, medication, and pain source (eg, Pain Squat
[18]). However, only a small number of apps also allow the
assessment of emotional and cognitive aspects. In addition, the
educational content that is included is often of poor quality. An
exception is the pain diary app, PainTracker, which includes 3
of the 5 suggested functionalities. It allows the tracking of a
number of pain-related aspects, allows goal setting, and provides
informational content [28]. Notwithstanding this exception, the
overall lack of content in available pain management apps leads
to a distrust in their effectiveness [39]. As a result,
comprehensive, evidence-based, and clinically informed
smartphone apps for pain self-management are highly needed
[35].

Although important, the use of evidence-based content alone
has been considered as insufficient to ensure adequate user
engagement and motivation [40], two aspects that have great
influence on the usage of an intervention program [41]. In fact,
further improvement is needed to make pain management apps
more engaging and entertaining [28].

One way to increase user engagement and motivation is through
gamification. Gamification, the use of game elements in
nongame contexts [42], aims to make interventions, such as
health apps, more enjoyable, motivating, and engaging [43].
However, the use of gamification in health apps has been
critically discussed as its effects depend on the context and the
goal of the app [44]. Although users do not always want the
implementation of gamification in health apps [25], it could be
shown that its use can have positive effects on both health and
wellness [44].

Gamification has already been shown to positively influence
user self-management [43], lifestyle [45], health and behavioral
outcomes [46], and the retention of desired user behaviors [47].
This confirms that the implementation of gamification can be
effective in promoting behavior change through apps [48].

Nevertheless, few pain management apps make use of this
concept. Two pain management apps for adolescent patients
with cancer have included gamification in the form of a virtual
rewards system and ranks that are linked to the users’ pain
diaries and adherence [18,49]. However, to our knowledge,
there is no chronic pain management app with an extensive
gamification framework for adults.

Pain-Mentor
As current pain management apps lack in their use of both
evidence-based self-management skills [35] and gamification
[28], we aimed to develop Pain-Mentor to close this gap in
research. Pain management apps have great potential to promote
patient self-care in out-clinic settings [29]. Therefore,
Pain-Mentor supports the therapy of patients with chronic pain
by teaching evidence-based techniques from multi-modal pain
therapy and how they can be applied in everyday life. The app
is based on the concept of Stress-Mentor [50], a gamified stress
management app. Stress-Mentor includes all 5 suggested
theory-based functionalities. For example, it realizes
self-monitoring through a diary that allows the tracking of up
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to 14 diary categories (ie, sleep duration and quality, sport
duration and intensity, daily uplifts and daily hassles, stress
level, mood, digestion, consumption of water, fruits and
vegetables, coffee and alcohol, and step count). In addition, the
app teaches different self-help skills through daily and weekly
tasks. In these tasks, the user can choose 1 of 3 suggested skills
that he or she wants to practice. The techniques offered by the
app depend on the user’s entries into a stress checklist. In the
stress checklist, the user can enter stress-related aspects (ie,
fears and worries, sadness, anger, stress at work, stress in private
life, muscle tension, and head, neck, and back grievances caused
by tension, digestive problems, and sleep problems) on a scale
of 0 to 10 on a weekly basis. This concept of personalized tasks
encourages the user to set daily and weekly goals and supports
the repetition of exercises. The mediated skills include relaxation
exercises (ie, abdominal breathing, meditation, mindfulness,
progressive muscle relaxation, guided imagery, stretching
exercises, and self-massage), problem solving (ie, time
management, goal setting, planning of social support and social
change, and barrier identification), cognitive aspects (ie,
assertiveness training, refuting irrational ideas, appraisal of
stress and stressful situations, and avoiding perfectionism), and
the transfer of educational information about stress. Moreover,
the app provides tips on stress based on the user’s documented
stress level.

In addition to self-monitoring, stress management skills, and
educational information, Stress-Mentor includes several other
behavior change techniques (see the study by Christmann et al
[50] for a detailed list) to support long-term behavior change.
The included behavior change techniques are linked to an
extensive gamification concept aimed at motivating and
engaging the user [50]. As such, the app includes an avatar (a
bird-like cartoon animal) that provides feedback by reflecting
both the user’s diary entries (vicarious reinforcement) [51,52]
and progress. Another aspect is the app’s agent (a wise owl),
who is a mentor that entrusts the care of the avatar to the user
via a behavioral contract and provides instructions on app
functions, general encouragement, and educational tips on stress.
The user can collect woodland coins that can later be exchanged

for items for the user’s avatar. Moreover, the app provides
feedback on the user’s performance through progress bars, a
diary overview diagram [53], badges, and the visual
development of the avatar and its surroundings. A detailed
description of the implemented behavior change techniques and
how they were linked with gamification was previously
published [50].

As stress management and cognitive and behavioral aspects
play an important role in the treatment of chronic pain [1],
Stress-Mentor’s concept was adopted for the first prototype of
the pain management app (Pain-Mentor) evaluated in this study.
Although all stress-related content remains, additions were made
to the existing diary, tips, symptoms checklist, and daily tasks
to further adapt Pain-Mentor to the context of chronic pain
treatment. We made the following adjustments to better suit
Pain-Mentor to its designated usage context. First, the stress
checklist was renamed to symptoms checklist. The symptoms
checklist was then extended with a numerical rating scale for
pain that is commonly used in therapy. It allows the user to
enter his or her pain level on a scale of 0 (no pain) to 10 (worst
possible pain) [54]. The diary was also extended by this scale.
This provides users with the opportunity to track the trend of
their pain on a daily basis [55]. A total of 8 pain-specific daily
tasks were added to the task pool: 1 each to develop a plan for
setbacks, planning social support for pain management, and
planning a dropped activity and 5 physical exercises for muscle
strengthening and stretching. Moreover, the tips given by the
app’s mentor were extended with additional information on
chronic pain and pain management. A screenshot of the app is
displayed in Figure 1.

All in all, Pain-Mentor differs from other pain management
apps regarding one important property: it includes all 5
suggested self-management functionalities (ie, educational
information on pain and stress, a total of 87 pain-specific and
stress-specific self-help skills, goal setting through tasks of the
day and tasks of the week, multidimensional self-monitoring,
and social support) and combines this content with gamification
to motivate and engage the user. This poses great potential for
supporting in-person therapy and reducing therapy costs [56].
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Figure 1. Screenshot of Pain-Mentor.

Motivation
In contrast to the general recommendation, most pain
management apps are not based on scientific evidence and have
not been thoroughly tested [39]. This also means that designers
have neither included experts from pain management in the
development of their apps [38] nor used expert reviews to assess
their quality [34]. Contrary to this, Pain-Mentor’s contents were
extended in consultation with a physician who specialized in
chronic pain treatment. The involvement of health care
professionals in the development of health apps, as was done
for Pain-Mentor, is important for health apps to contribute value
to the delivery of health care and chronic disease management
[57]. With many apps promising effective pain treatment,
patients face a large array of possible apps to choose from, with
little guidance regarding their quality [31]. To ensure quality,
functionality, and relevance of the content, health apps need to
be tested in scientific trials and must involve health care
professionals not only during their development but also in the
evaluation process [58].

In general, health apps must be acceptable to both the user who
must decide whether the program is usable and can provide
benefit in an operational environment and the health
professionals who determine whether the app does what it is
supposed to do [59]. In contrast to the users’ goal, the experts’
primary goal is to assess the quality of a health app to identify
apps that can be recommended to their patients [60]. They focus
on different aspects and provide different feedback than users
and developers [61]. Therefore, even though experts have

scientifically evaluated few pain management apps [35], testing
the quality of health apps through expert evaluations is essential
to assess the quality of key app features [62].

This study, therefore, conducted an expert evaluation of the first
prototype of the newly developed pain management app,
Pain-Mentor, that combines a multimodal approach to pain
self-management with an extensive gamification framework.
The aim of this study was to gather information on how to
further improve Pain-Mentor to create an app that has high
value, the potential to positively influence chronic pain patients,
and is accepted and recommended by medical professionals.
For this purpose, the app’s general quality was evaluated from
the perspective of health professionals. This approach enabled
us to identify areas that need improvement and helped to further
adjust Pain-Mentor for the purpose of its application.

Methods

Recruitment
To assess the app’s quality per the standards of health
professionals, experts with a background in chronic pain
management and mHealth development were recruited (Figure
2). For this purpose, based on an internet search, physicians
specializing in pain treatment and general psychotherapists in
a 100-km radius of the Technische Universität Kaiserslautern
(Germany) were contacted via email. Among the 94 experts
contacted, 8 were willing to participate in this study. An
additional 5 experts learned about the study from one of their
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colleagues and volunteered to participate as a result. In the end,
13 experts (5 physicians, 1 nurse with a background in pain
management, 5 psychotherapists, and 2 mHealth developers)
participated in this study. Previous research suggested the use
of at least 2 to 4 experts [63-65], although a larger sample size
increases the percentage of identified problems in the apps. As

about 95% of all problems can be identified with as many as 9
participants [66], it can be concluded that the sample size of
this study provided good insight into the app’s quality and
enabled to identify most of the concerns arising from experts
from chronic pain treatment. All participants had specific
experience in the field of pain and pain management.

Figure 2. Depiction of the participant acquisition and study procedure. MARS: mobile application rating scale; mHealth: mobile health.

Procedure
The whole procedure was approved by the local ethics
committee from the Department of Social Sciences, Technische
Universität Kaiserslautern.

To ensure a standardized approach, the following study
procedure was predefined. At the beginning, the health
professional was informed about the procedure, aim, and data
collected in the study. Each participant gave written consent
according to the Declaration of Helsinki. Afterward,

Pain-Mentor and its contents were presented to the professional
in detail in a slide presentation that explained the pain and stress
management methods, behavior change techniques, and
gamification aspects that were included and how they were
interconnected. After the presentation, the expert tested the app
(Figure 2) on a tablet (Lenovo TB-4706F). For this purpose,
the app was set to a specific prerequisite to ensure all
participants were exposed to the same content and features.

Testing also followed a predefined process that took 15 to 25
min for each participant (see Figure 3 for a detailed description).
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Figure 3. Sequential order of the app testing process that all experts followed.

App Quality
After testing Pain-Mentor, all experts rated the quality of the
app and were asked for feedback. For this purpose, the mobile
application rating scale (MARS) [67] was applied. MARS was
specifically designed to assess the quality of health apps with
the help of experts from health and information technology [67].
MARS comprises 6 subscales. Four of those scales (ie,

engagement, functionality, esthetics, and information quality)
assess the general app quality; the subjective quality section
evaluates the user’s overall satisfaction; whereas the app-specific
section assesses the perceived impact of the app on the user’s
knowledge, attitudes, intentions to change, and the likelihood
of actual change in the target health behavior. The complete
structure of MARS [67] is listed in Table 1.
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Table 1. Structure of the mobile application rating scale questionnaire Stoyanov et al (2015) [67].

ItemsDefinitionSection and subsection

App quality

Fun, interesting, customizable, interactive (eg, sends alerts, messages, reminders,
and feedback and enables sharing), and well targeted to audience

A: Engagement • Entertainment
• Interest
• Customization
• Interactivity
• Target group

App functioning, easy to learn, navigation, flow logic, and gestural design of appB: Functionality • Performance
• Ease of use
• Navigation
• Gestural design

Graphic design, overall visual appeal, color scheme, and stylistic consistencyC: Aesthetics • Layout
• Graphics
• Visual appeal

Contains high quality information (eg, text, feedback, measures, and references)
from a credible source

D: Information • Accuracy of app description
• Goals
• Quality of information
• Quantity of information
• Visual information
• Credibility
• Evidence base

Contains subjective, personal opinion of the app, including recommendation to
others, estimated usage, willingness to pay, and overall star rating

App’s subjective quality • Likelihood of recommending the
app to others

• Estimated usage over the next
year

• Willingness to pay for the app
• Overall star rating

Perceived impact of the app on the user’s knowledge, attitudes, and intentions to
change as well as the likelihood of actual change in the target health behavior

App-specific • Awareness
• Knowledge
• Attitudes
• Intention to change
• Help seeking
• Behavior change

Participants rated each of the 23 MARS items on a 5-point
Likert scale (from 1=inadequate to 5=excellent). To allow for
differentiated user feedback, MARS was applied as a
semistructured interview. This means, after each rating,
participants had the opportunity to explain their answer and
give suggestions regarding further improvement of the app
(open-response format). Presenting MARS and other
questionnaires as semistructured interviews has been done in
previous studies and promises deeper insights into the raters’
reasoning and possible improvements (eg, the study by Anderson
et al [68]). As the experts spent limited time trying out the app
(approximately 20-30 min), an additional answer option was
added to each question, namely, “I cannot assess this.” This
ensured that the experts were not forced to answer, if they felt
that they did not have enough time with the app to assess an
aspect.

Overall, 3 questions from the subscale, subjective quality, were
removed from the questionnaire: (1) question 18, “Does the app
come from a credible source?” because the source of the app
was explained to the participants in detail; (2) question 19, “Has
the app been tested?” because an evaluation regarding the app’s

effectiveness has not been conducted so far; and (3) question
22, “Would you pay for this app?” because health experts are
not the target user audience of this app. In addition, question
20 was adapted to the context and changed into “Would you
recommend this app to patients who might benefit from it?”
The questions from the app-specific section were adapted to
the context, ie, the term health behavior was replaced with stress
and pain management.

Additional App-Specific Questions
In addition to MARS, the participants answered 7 additional
questions on a 5-point Likert scale (from 1=inadequate to
5=excellent) and 1 open-response question with regard to the
expected app’s appeal for patients and specific app features. As
with MARS, participants received the opportunity to explain
their answers. See Multimedia Appendix 1 for a list of all
additional questions.
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Results

Mobile Application Rating Scale–Based Outcomes
Overall, experts rated Pain-Mentor to be of excellent quality
(mean 4.54, SD 0.55). Subjective app quality was appraised as
excellent (mean 4.57, SD 0.43). The app-specific questions were
rated as good, with a mean of 4.38 (SD 0.75).

The MARS quality subsection, engagement, was rated as good,
and functionality, esthetics, and information were rated as
excellent (see Multimedia Appendix 2 for mean values and
standard deviations).

Evaluating each question of these subsections in detail, the
results showed a mean value ranging from of 4.07 (SD 0.76)
for customization to 4.71 (SD 0.47) for interest for the

subsection engagement. Functionality showed mean rating
between 4.43 (SD 0.65) for ease of use and 4.77 (SD 0.44) for
navigation. The app’s esthetics were assessed as excellent, with
mean values of 4.43 (SD 0.51) for visual appeal, 4.50 (SD 0.65)
for layout, and 4.64 (SD 0.50) for graphics. The information
communicated in Pain-Mentor also showed good to excellent
ratings, with means ranging from 4.21 (SD 0.67) for the quality
of information and 4.92 (SD 0.28) for information quantity. The
subjective quality of the app showed ratings of 4.36 (SD 0.50)
with regard to the recommendation of the app to patients and
the overall star rating and 4.50 (SD 0.52) for usage duration.
The app-specific questions of MARS showed values between
3.86 (SD 0.95) with regard to encouraging patients to seek help
outside the app and 4.75 (SD 0.46) regarding the app’s potential
to promote behavior change. A detailed visualization of the
results is included in Figure 4.

Figure 4. Experts’ rating (in means and standard deviations) of the mobile application rating scale regarding Pain-Mentor.

Occasionally, experts were unable to answer a question (see
Multimedia Appendix 3 for details). Participants gave several
reasons for being unable to assess these questions, which will
be discussed in the Limitations.

In addition to the quantitative ratings, applying MARS as a
semistructured interview provided differentiated expert
feedback. The experts’ comments are discussed in the Principal
Findings section of the Discussion.

Outcomes From Additional Questions
Good to excellent mean ratings could be observed for all
additional questions (see Table 2). Experts thought that it was
highly likely that Pain-Mentor would appeal to patients (mean
4.50, SD 0.52). The app’s gamification concept was rated as
good (mean 4.29, SD 0.61). The experts’ expectations of
Pain-Mentor were mostly fulfilled (mean 4.35, SD 0.63). They
rated the implemented diary (mean 4.71, SD 0.61), daily tasks
(mean 4.64. SD 0.63), and symptoms checklist (mean 4.79, SD
0.43) as sensible and useful. Moreover, they believed that using
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Pain-Mentor to support in-person therapy would be useful (mean
4.57, SD 0.51). All experts were able to assess all additional

questions.

Table 2. Experts’ ratings for additional questions regarding Pain-Mentor.

Rating, mean (SD)Question

4.50 (0.52)Do you think the app would appeal to patients?

4.29 (0.61)Did you like the gamification concept?

4.35 (0.63)Did the app meet your expectations?

4.71 (0.61)How useful is the diary?

4.64 (0.63)How useful is the concept of daily exercises?

4.79 (0.43)How useful is the symptoms checklist?

4.57 (0.51)How useful is it to apply the app in addition to therapy?

Discussion

Principal Findings
Overall, experts rated the app to be of excellent overall and
subjective quality. The app-specific section of MARS was rated
as good. These positive results reflect that the app and its
contents (ie, diary, daily tasks, information, symptoms checklist,
and gamification concept) met the experts’ expectations. As
expected, these results show that combining the 5 suggested
self-management functionalities (ie, educational information,
self-care skills, self-monitoring, goal setting, and social support)
[7-11] in an app targeting chronic pain management is approved
by health experts.

In addition, the experts thought that the app’s gamification
concept, especially the avatar, made the program engaging and
interesting to use. This was mirrored by the experts’ comments,
eg, E4 said, “I think the app motivates those patients who want
to be proactive and do something to manage their pain.” This
implicates that the use of gamification could pose a solution to
the lack of engagement and entertainment in pain management
apps as mentioned in the study by Jamison et al [28]. It also
agrees with the results from a user study with the stress
management app, Stress-Mentor, which showed that the app’s
gamified concept led to increased usage compared with a
nongamified control group (Hoffman et al, unpublished data).
Though this is a promising indication of the effectiveness of
the concept of Pain-Mentor, a user study with patients with
chronic pain is needed to show whether these results remain.

Two experts expressed concerns that the existing gamification
concept, especially the choice in avatar, might be too childlike
and not suitable for the elderly. Although most users prefer
human avatars that match their own gender [69], it is very
subjective as to which avatar appeals to a user. To solve this
problem, the participants suggested providing the user a choice
among different avatars and including more options to adapt
the avatar to the user’s preferences. Despite some experts’
skepticism regarding the avatar’s suitability for the elderly,
other experts thought that Pain-Mentor was well suited for the
target group (ie, adults with chronic pain) and that it was very
likely that the app would appeal to patients. This further supports
the combination of evidence-based content and gamification
[43,45-47] and indicates that such approaches should not be

limited to adolescents. In addition, gamification most likely had
a positive impact on the app’s esthetics.

Experts especially liked that they could choose the avatar’s
color and that the avatar’s appearance was linked to both diary
entries and progress (eg, E9 stated, “It’s nice that the user can
pick the avatar’s color. Especially the visual elements invite
you to explore and play around a little”), and they liked that the
app’s simple visual design allowed them to use it intuitively.
This backs both personalization [70] and the use of vicarious
reinforcement through avatars in health apps [51].

Although the experts were mostly satisfied with Pain-Mentor’s
customizability, they also suggested including more reminders
to help the user remember to practice throughout the day. This
shows that one reminder is the minimum, whereas the inclusion
of more appears to be preferable. Nonetheless, the reminder
function was generally perceived positively, and the experts
thought that this feature was likely to promote the user’s
self-commitment. Overall, 7 experts also suggested the addition
of new diary aspects. However, there was no consensus among
the experts on the aspects that should be added (they suggested,
eg, weight, additional dietary aspects, pain location, and notation
of additional exercises). Thus, it cannot be concluded which
categories would make the most sense to be added based on the
feedback obtained from this study. Moreover, the addition of
aspects could easily overwhelm the users and lead to a decline
in the app’s usability and usage [71]. Furthermore, 2 experts
also commented that not all aspects are equally important for
every patient. To solve this issue, the developers could add a
notes section that leaves room for further patient-specific entries,
as has been implemented in other pain management apps (eg,
Chronic Pain Tracker and FitBack) [12,34]. Another approach
could be to allow the addition of individual scales in the diary
[72]. Both solutions would leave the choice of adding further
diary categories to the user and his or her treating health
professional.

Regardless of the suggested extensions, the diary was perceived
as very useful by the experts. One participant expressly
mentioned that she especially liked that the diary was not overly
focused on pain, but rather allowed for tracking the patient’s
overall well-being, including emotional (stress level and mood)
and cognitive aspects (daily hassles and daily uplifts). This goes
in line with previous studies [34,35] that criticized that most
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pain management apps focused only on tracking medication
and pain levels. Another aspect that was mentioned was the
advantage for patients in keeping a digital diary instead of
applying a pen and paper approach [73].

Though the app’s interactivity was assessed as good, one expert
commented that it could be further improved by giving advice
based on the user’s diary entries. Consequently, developers
should think about further personalizing their apps by linking
the users’entries (eg, from a diary) to suitable health information
and tasks. For example, the app, MyBehavior, automatically
provides personalized suggestions based on a health diary [74].

Participants thought that the information imparted in the app
was generally well formulated and of high quality. Moreover,
experts would recommend the app to many of their patients
based on whether he or she would profit from using the app.
This shows that the experts thought the app to be a good therapy
supplement. However, their recommendation largely depends
on the patients’ age, disease pattern, and current state.
Nevertheless, age does not necessarily impact compliance or
satisfaction with a pain management app [28]. Moreover, the
combination of visual features (because of the gamification
concept) and content [50] was perceived very positively (eg,
E9 said, “It [the app] has a good balance of simple visual design
and good content-related information”). This further supports
the use of gamification in the context of pain management.

There was general approval of the self-management skills that
are imparted in the app. Nevertheless, 3 experts suggested
including additional tasks, such as more stretching exercises,
more tasks specifically aimed at dealing with pain, and exercises
aimed at distracting patients from their pain. This emphasized
that experts see the potential of using apps to teach a large
number of stress-related self-help skills to the user, including
relaxation, problem solving, and cognitive aspects [13].
However, it should be supplemented by more pain-specific
aspects to provide maximal suitability.

The experts also mentioned that they would like to be able to
review the app’s data with their patients on a computer to
monitor and discuss their patients’progress. However, automatic
data transmission to the treating health professionals was seen
as problematic because of the experts’ limited availability of
time. To avoid this problem, an optional sharing function could
be added that allows patients to share their data with the health
professionals on a voluntary basis [34]. Such functions provide
health professionals the opportunity to gather data on a patient’s
behavior [75]. My Pain Diary, eg, offers the export of data to a
computer [28].

The experts’ positive ratings of the app’s ability to positively
influence patients’ awareness, knowledge, attitude, intention to
change, help-seeking, and behavior change are in line with the
fact that health apps can enhance users’ self-management of
chronic conditions [27]. However, it was emphasized that the
individual played an important role regarding these aspects.
Nonetheless, the experts thought that it would be very useful
to employ the app to supplement in-person therapy. This
highlights the potential of health apps to support regular
treatment [26].

In addition to using the app for therapy support, one expert
suggested to use the app to bridge the time until patients can
receive in-person therapy. As waiting times for therapy are often
long, using health apps in this manner could further increase
their potential to improve health care [22] and diminish the
number of patients who do not receive adequate care [21]. This
further supports the conclusion that pain management apps
could be especially beneficial in out-clinic settings [29].
Therefore, this area of application should be the focus of future
research.

When asked which aspects they thought would keep patients
from using the app, experts mostly mentioned a lack of
motivation for people to change. However, they also mentioned
that it is often difficult for patients to deal with the subject
matter. In addition, they mentioned a lack of familiarity with
mobile devices, apps and data security. This is in line with
previous studies that have shown that technical affinity [76]
and data privacy and security [77] are important aspects for
choosing and using health technologies. Therefore, developers
should make sure they pay special attention to data security
when developing health apps [75]. Pain-Mentor, for instance,
only saves the user’s data locally on his or her smartphone in
an encrypted form.

Overall, Pain-Mentor’s MARS ratings are similar to those of
the best-rated pain management apps reviewed by Salazar et al
[39]. Averaged across all reviewed apps, the mean functionality
was assessed as good, whereas Pain-Mentor received an
excellent score. Similar observations can be made for esthetics
(average for Salazar et al [39] and excellent for Pain-Mentor),
engagement (average for Salazar et al [39] and good for
Pain-Mentor), information (average for Salazar et al [39] and
excellent for Pain-Mentor), subjective quality (average for
Salazar et al [39] and excellent for Pain-Mentor), and
app-specific scores (poor for Salazar et al [39] and excellent for
Pain-Mentor).

Although the experts’comments showed that some adjustments,
such as adding more pain-specific exercises, diary categories,
and reminders, could further improve the app, they still rated
Pain-Mentor to be of excellent overall quality (mean rating of
average for Salazar et al [39]). This shows that minor
adjustments of suitable health apps (eg, from stress management)
can make them useful tools that can be applied in different
contexts (eg, chronic pain management). Nonetheless, whether
an app will be assessed as useful or not depends on both the
app’s content and the suggested context of use [78]. Not every
health app should be applied in or adjusted for other contexts.
Underlining the importance of expert evaluations [58], this study
showed that involving health experts from the target context
helps to determine an app’s suitability and to identify necessary
adjustments.

Limitations
The experts approved of the app’s gamification concept and
thought that using gamification in this manner could improve
patients’ motivation and engagement. As experts and patients
focus on different aspects [59], a next step should be to get the
opinion of patients with chronic pain to further adjust the app
to their needs. Though user studies showed that the app’s
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gamified concept is accepted by users in the context of stress
management (Hoffman et al, unpublished data and [79]), it
remains unclear as to what extent the results of this study hold
true in the context of pain management. In addition, further
research is needed to determine the effects of gamification on
users’ behavior. Moreover, although experts approved of the
idea to use the app to support therapy, randomized controlled
trials are needed to actually determine the effectiveness of
Pain-Mentor as a therapy support tool.

The inclusion of 9 experts has been suggested to be sufficient
to reveal most problems within an app [64]. Thus, although only
13 experts participated, in this study, we should have identified
the most important improvements that are required. Nonetheless,
for future studies, it should be noted that it can be hard to obtain
experts to participate. Out of 94 contacts, only a few were
willing to participate. A major reason for this was the lack of
time to accommodate the study within their busy work schedule.

Other aspects that future studies might encompass include the
participating experts’affinity to technology and their knowledge
in testing mobile apps. Though the participants’ affinity to
technology was not systematically collected in this study, 3
participants mentioned that they were not proficient in using
smartphones and tablets. This means, not all participating
experts had high technological knowledge.

As all experts were given a detailed introduction of Pain-Mentor
and spent approximately 20 to 30 min using the app, they

received detailed insights into how the app worked. Nonetheless,
experts had trouble assessing the app’s gestural design and the
app’s potential to positively affect behavior change. Future
studies could avoid this problem through longer trial periods.

Conclusions
This study provided a first affirmation of Pain-Mentor’s concept.
The participating health experts approved of the app’s
gamification aspects and described this approach as a good way
to enhance user motivation and engagement. Moreover, the app
received positive ratings with regard to general and subjective
quality as well as app-specific aspects (MARS). This showed
that the use of gamification did not have a negative impact on
the app’s credibility and integrity and that the combination of
gamification with the 5 recommended self-management
functionalities (ie, pain-related education, self-monitoring, goal
setting, social support, and the training of self-care strategies)
led to an overall positive evaluation of Pain-Mentor. This
indicated that the app’s development is on the right track.

The study also showed that applying MARS in combination
with additional, more app-specific questions in a semistructured
interview can provide insights into the participants’ ratings and
disclose possible areas for improvement. In fact, this approach
revealed areas where adjustments need to be made to further
tailor Pain-Mentor for its application as a support tool for
chronic pain therapy. The applied approach therefore helps to
adjust health apps for a specific target audience and to identify
further scenarios for application.
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Abstract

Background: During the turbulent postpartum period, there is an urgent need by parents for support and information regarding
the care for their infant. In the Netherlands, professional support is provided during the first 8 days postpartum and for a maximum
of 8 hours a day. This care is delivered by maternity care assistants (MCAs). Despite the availability of this extensive care, a
majority of women prefer to make use of a lesser amount of postpartum care. After this period, access to care is less obvious.
Where parents are automatically offered care in the first 8 days after birth, they must request care in the period thereafter. To
compensate for a possible gap in information transfer, electronic health (eHealth) can be a valuable, easily accessible addition to
regular care.

Objective: We explored the needs and preferred content by new parents and health care professionals of a web-based platform
dedicated to the postpartum period and identified barriers and facilitators for using such a platform.

Methods: We conducted 3 semistructured focus groups among (1) parents of newborns, (2) MCAs, and (3) clinicians and
administrators in maternity care. A topic list based on a framework designed for innovation processes was used. Thematic content
analysis was applied.

Results: In the focus group for parents, 5 mothers and 1 male partner participated. A total of 6 MCAs participated in the second
focus group. A total of 5 clinicians and 2 administrators—a member of a stakeholder party and a manager of a maternity care
organization—participated in the third focus group. All user groups underlined that a platform focusing on the postpartum period
was missing in current care, especially by parents experiencing a gap following the intensive care ending after the first week of
childbirth. Parents indicated that they would perceive a postpartum platform as a proper source of reliable information on topics
regarding breastfeeding, growth, and developmental milestones, but also as a tool to support them in seeking care with appropriate
professionals. They also emphasized the need to receive personalized information and the opportunity to ask questions via the
platform. MCAs acknowledged added value of providing additional information on topics that they address during the early
postpartum period. MCAs as well as clinicians and administrators would guide parents to such a platform for additional support.
All user groups experienced disadvantages of using an authentication procedure and filling out extra questionnaires to receive
tailored information.

Conclusions: Our research shows that parents of newborns, MCAs, and clinicians and administrators foresee the additional
value of a web-based postpartum platform for at least the whole postpartum period. The platform should be easily accessible and
personalized. Content on the platform should contain information regarding breastfeeding, growth, and developmental milestones.
A chat function with professionals could be considered as an option.
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Introduction

Pregnancy, delivery, and taking care of the infant during the
postpartum period are large life events. In many countries, the
postpartum period (ie, the first 42 days after childbirth) is a
largely underestimated period of care for parents [1,2]. It is
known that they are in enormous need for information,
especially regarding breastfeeding, sleeping patterns, and
physical recovery after childbirth [3]. To support maternal and
infant health and to prevent morbidity and mortality at the
earliest moment during the life course, it is essential that this
information is available and accessible [3-5].

In the Netherlands, postpartum care in the first days after birth
is provided by trained professionals, so-called maternity care
assistants (MCAs), supervised by community midwives (see
Textbox 1 for more information). An MCA provides care for
an average of 8 consecutive days, 3-8 hours a day, at the home
of the parents of the newborn. All women are offered this
extensive postpartum care. However, the majority of women
choose to receive fewer hours or days of care than recommended
[6-8].

After these first 8 days, care is less extensive and less regularly
scheduled at well-baby clinics for the newborn, which are free
of charge and are organized by preventive child health care
(PCHC) services. The mother has only one regular postpartum
checkup with the midwife at 6 weeks postpartum. This

less-extensive care requires women to actively ask for support
and guidance. Electronic health (eHealth), for example, a
web-based platform, has the potential to support continuity of
care for both parents and professionals. It is already widely used
in supporting disease management, promoting healthy lifestyles,
prevention, and making care more effective [9,10]. There are
more eHealth tools focusing on pregnancy than in any other
medical field [11,12]. Nevertheless, there is a lack of any
eHealth program focusing on the postpartum period. This is a
missed opportunity, because it is known that women are willing
to use eHealth applications for reliable information during this
new phase in life [13,14].

In countries other than the Netherlands, postpartum care is less
extensive. However, independently taking care of an infant at
home after early discharge from a maternity ward, without the
help of a professional, is experienced as very difficult and
stressful [15-17]. Parents of newborns also need compassion
and companionship, as loneliness and psychological problems
are main issues in the postpartum period [18]. In addition, there
is a need for continuity of professional care during transition
of the prenatal to postpartum period [18-22]. eHealth, in its
broadest sense, can be a useful additional technique to provide
tools for support in this period for parents [13,23-25].
Additionally, health care professionals recognize problems with
handover of information in this period, leading to suboptimal
care [26].

Textbox 1. Maternity care in the Netherlands.

Care During Pregnancy

In the Netherlands, maternity care is a complex care system. Pregnant women are allocated to three strata of care: primary, secondary, or tertiary care.
Allocation is based on division of low-, medium-, or high-risk pregnancy during the first prenatal visit. Primary care is provided by the community
midwife to women who have a low-risk pregnancy. Women may give birth at home or at a primary care birth center, supervised by the community
midwife.

Secondary care during pregnancy and childbirth takes place at general hospitals by gynecologists or clinical midwives. Women with high-risk
pregnancies (eg, severe preeclampsia prior to 32 weeks of gestation) are referred to tertiary care, provided by 12 perinatal centers in the Netherlands.

During the third trimester, maternity care assistants (MCAs) visit every woman at home for an assessment of the recommended amount of postpartum
care. Postpartum care is provided by MCAs working at maternity care organizations. These are independent enterprises.

Care During the Postpartum Period

Regardless of the strata of care, women are offered postpartum care by MCAs. This care is supervised by the community midwife. Most women
choose to receive postpartum care at home, but this is also possible at primary care birth centers. If there are maternal or neonatal complications, part
of this postpartum care can take place at the maternity ward (eg, 48 hours of stay at the maternity ward is recommended after a cesarean section). Care
by MCAs is provided during the first 8-10 succeeding days. This care includes coping with the new situation and increasing parents’ confidence in
the care for the infant [6]. They also promote a healthy lifestyle, such as preventing use or reuse of tobacco, and educate parents in the prevention of
child abuse [4]. Most of the information and advice is transmitted orally, and information leaflets are used for further support [6].

The mother herself decides the amount of postpartum care, up to a maximum recommended by the MCA. The minimum amount is 24 hours and the
recommended amount in a standard situation is 49 hours (eg, when a mother breastfeeds her baby and no problems occur during childbirth or the early
postpartum period). During the first few days, postpartum care covers 6-8 hours a day. During the following days, this number of hours is reduced.
On the last day, the care for the newborn is transferred to well-baby clinics of preventive child health care (PCHC) services. The woman remains
under the supervision of the community midwife until 6 weeks postpartum.

Care by midwives, both community and clinical and during both pregnancy and the postpartum period; gynecologists; and PCHC services is covered
by a compulsory health insurance. Postpartum care by the MCAs is partly covered by health insurance and women are required to pay an out-of-pocket
amount of €4.40 ($4.77 US) per hour, as of 2019, of receipt of this form of postpartum care.
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It is unclear whether women who already receive extensive
postpartum care would also appreciate a web-based postpartum
platform and what the content should be. Also, health care
professionals, especially in postpartum care, are not familiar
with using eHealth to support their work. Therefore, the aim of
this study was to explore the needs and preferred content by
new parents and health care professionals of a web-based
platform dedicated to the postpartum period and to identify
barriers and facilitators for using such a platform.

Methods

Overview
Textbox 2 details the concept of the proposed web-based
postpartum platform to support continuity of care for both
parents and health care professionals.

Textbox 2. Concept of the web-based postpartum platform.

Background

Women tend to have a need for easily accessible information and support during the preconception period and pregnancy. Electronic health (eHealth)
has proven its potential to support women and their partners, such as in achieving a healthier lifestyle and gaining information about pregnancy and
healthy lifestyle [10,25]. A web-based platform focused on the postpartum period could be an additional support for women and their partners during
the postpartum period. When this web-based platform is also available for obstetric professionals and maternity care assistants (MCAs), women who
have a low postpartum care uptake may be reached more easily. A web-based platform has some advantages above other forms of eHealth, such as
lower development costs, less instability caused by upgrades, and easier access for all involved health care professionals.

Aim of the Web-Based Platform

The web-based platform must be an addition to regular postpartum care by MCAs for parents of the newborn. The platform focuses on information
provision and prevention.

Target Group

The platform should target parents of newborns and health care professionals, including maternity care professionals, MCAs, and preventive child
health care (PCHC) service professionals. Parents will look for reliable information on the web-based platform and professionals will provide this
reliable information.

Design and Setting
The design of this study was a qualitative approach with focus
group interviews. The focus groups were conducted in February
2018 at the Erasmus University Medical Center (Erasmus MC)
– Sophia Children’s Hospital, a university medical center in
Rotterdam, the Netherlands.

Study Participants

Overview
Two types of users of this web-based postpartum platform were
identified: (1) parents of newborns and (2) health care
professionals. Parents with a child younger than 12 months were
asked to participate as a target group of future users of the
platform (ie, parents of newborns), hereafter referred to as
parents. Several health care professionals are involved in the
care during pregnancy, childbirth, and the postpartum period.
We decided to split the health care professionals into two
groups: MCAs and all other professionals, hereafter referred to
as clinicians.

MCAs were approached to participate as potential ambassadors
but also as future users of the platform during their working
routine. MCAs fulfil a different role in the care for new parents
than the other maternity care professionals. Their role is of a
more caring nature, as they are specialized nurses. Midwives,
obstetricians, and PCHC physicians have less-intensive contact
with parents of newborns and are more at a distance.
Additionally, MCAs work under supervision of community
midwives and may feel that they cannot express themselves
freely in the presence of the other maternity care professionals.

Finally, clinicians such as gynecologists, midwives, and PCHC
physicians were invited to participate because of their potential
contribution to the content of the platform. Also, administrators
involved in perinatal care, such as managers of maternity care
organizations and the Dutch Patient Federation, were invited
because of their potential role in the dissemination of the
platform. This group will be referred to as clinicians and
administrators.

To increase objectivity and prevent barriers in expressing
subjective opinions and experiences, we arranged separate focus
groups. All participants were recruited by email and telephone
via existing networks from other studies in the Erasmus MC -
Sophia Children’s Hospital, such as the Rotterdam
periconception cohort (Predict Study) and the Healthy Pregnancy
4 All-2 (HP4All-2) study [27,28]. We aimed to recruit 6-10
participants per focus group. In advance of the meeting, all
participants received information regarding participation in a
focus group, web links to existing pregnancy-related platforms,
and statements on the subject.

Parents
Inclusion criteria for parents were (1) having a child born in the
past 12 months before the focus group meeting took place, (2)
being 18 years of age or older, and (3) having a sufficient
understanding of the Dutch language. After women gave consent
to participate, a member of the research team called them to ask
whether their partner also wanted to join the focus group.

Maternity Care Assistants
MCAs were recruited via managers of maternity care
organizations. They met inclusion criteria if they (1) had a
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sufficient understanding of the Dutch language and (2) worked
as an MCA.

Clinicians and Administrators
Clinicians were eligible to participate if they worked in PCHC
services or obstetric care. Also, managers of maternity care
organizations and the Dutch Patient Federation were asked to
participate.

Data Collection
Before the start of the focus groups, each participant was asked
to fill out a questionnaire on baseline characteristics. An
experienced and trained researcher (ANR) guided all three focus
groups and two research assistants took notes. Each focus group
was audiotaped and started with a short introduction explaining
the aim of the study. Participants were reassured of
confidentiality and encouraged to speak freely.

The focus groups were semistructured and based on a topic list
grounded in a framework developed by Fleuren et al [29]. This
theoretical framework was developed to explain determinants
of innovation within health care and recognizes four main stages
of innovation processes: dissemination, adoption,
implementation, and continuation. In this study, we especially
focused on the first two stages: dissemination and adoption.
Transition from one stage to the next can be affected positively
or negatively by four different factors: the end user, the
innovation itself, the sociopolitical environment, and
characteristics of the organization. In order to obtain a complete
overview of potential barriers and facilitators, these factors were
the main themes of the topic list. Subthemes were based on
literature research [12,23,30-32] and divided among the
corresponding main themes.

The first part of the focus groups entailed a discussion about
the needs for a postpartum platform and wishes for the content
of the platform (ie, general information, specific topics, and
sources). Secondly, the look and feel of the platform was
discussed by showing different existing platforms regarding
pregnancy or older children (see Multimedia Appendix 1 for
the topic list).

Data Analysis
All transcripts were transcribed verbatim and were anonymized.
The verbatim transcriptions were checked with the original
audiotapes for accuracy by LTL and returned for member
checking to the participants. We used the qualitative software
program NVivo 11 (QSR International) to support data analysis.
We intended to analyze the results according to the theoretical
framework based on the model of Fleuren et al [29]. However,
this framework appeared to be inefficient due to too much
overlap in coding. Thematic analysis was then applied. The
three different transcripts were independently coded by two
researchers (LTL and LJB) to create a set of preliminary codes.
These preliminary codes were discussed with a third researcher
(ANR) and consensus was reached on the codes per transcript.
Thereafter, these codes were arranged into different main themes
and subthemes for each of the transcripts. The themes,
subthemes, and codes were compared between the three groups
to check for similarities and differences. Themes and subthemes
corresponded between the different groups, although there were
differences in preferences. Therefore, the codes in the main
themes and subthemes were divided into facilitators and barriers
by LTL and LJB. Finally, consensus was reached on the
subdivision by the three researchers (LTL, LJB, and ANR).

Ethical Considerations
The Medical Ethics Committee of Erasmus MC declared that
the rules laid down in the Medical Research Involving Human
Subjects Act, also known as its Dutch abbreviation WMO, do
not apply to the study protocol (NL/s/MEC-2017-1134). All
parents provided written informed consent; the need for written
informed consent from the MCAs as well as clinicians and
administrators was waived.

Results

Participants
A total of 5 mothers and 1 male partner joined the focus group
for parents (see Table 1). All mothers received postpartum care
for at least 24 hours.

Table 1. Characteristics of participants: parents of newborns.

Amount of postpartum
care

Place of most re-
cent delivery

Complicated
pregnancy or
childbirth

Age of
youngest child
(months)

ParityEthnicityEducation
level

Marital statusAge
(years)

Sex

Recommended amountGeneral hospitalNo71CaucasianHighMarried32Female

Less than recommended
amount

General hospitalYes31CaucasianHighMarried27Female

N/AN/AN/A7N/AaCaucasianHighMarried26Male

Less than recommended
amount

General hospitalNo92CaucasianModerateTogether, but
living apart

34Female

Recommended amountGeneral hospitalNo81CaucasianHighMarried33Female

Recommended amountGeneral hospitalYes91Non-Cau-
casian

HighCohabiting31Female

aN/A: not applicable.
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In the MCA focus group, 6 MCAs participated (see Table 2).
They worked at different maternity care organizations and their
work experience varied from 3 to 26 years. The third focus
group (ie, clinicians and administrators) consisted of 5 clinicians

working in perinatal care, 1 manager of a maternity care
organization, and 1 employee of the patient federation (see Table
3).

Table 2. Characteristics of participants: maternity care assistants (MCAs).

Work experience (years)EthnicityAge (years)Sex

26Caucasian48Female

8Caucasian54Female

3Caucasian35Female

14Non-Caucasian53Female

3Caucasian50Female

6Caucasian31Female

Table 3. Characteristics of participants: clinicians and administrators.

Work experience (years)ProfessionEthnicityAge (years)Sex

6Manager at maternity care organizationCaucasian24Female

15Community midwifeCaucasian38Female

6GynecologistCaucasian46Female

17Clinical midwifeCaucasian40Female

40Preventive child health care physicianCaucasian65Female

3Policy officer at Dutch Patient FederationCaucasian32Female

15Community midwifeCaucasian37Female

Emerging Themes
We identified three different main themes regarding the need
and content of a postpartum period platform: (1) information
on platform, (2) additional facilities, and (3) accessibility. These

three main themes were divided into various subthemes, and
facilitators and barriers within these subthemes were identified
(see Table 4). The main themes and various subthemes are
described in detail in the Results section.
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Table 4. Main themes, subthemes, facilitators, and barriers.

BarriersFacilitatorsMain themes and subthemes

Information on platform

For general populationa,b,c

Superficial informationa,b

Registration or extra questionsa,b

Need for a postpartum platforma,b,c

Providing general informationa,b,c

Categorized by perioda,b,c

Uniformity among information given by health care providersa,b

Statistics on outcomesa

General

N/AdAdvice on when to contact professionala,b,c

Care guidance for domestic abuseb

Care guidance

No moderatora

Recipesa,b

Psychosocial support, sleeping, crying, breastfeeding and bottle
feeding, food, birth control and fertility postpartum, and older

childrena,b,c

Healthy food and diet-specific informationa,b,c

Preventiona,b,c

Information topics

Funded by industrycReliable sourcesa,b,c

Visibility of the sourcesa,b

Sources

Additional facilities

Fixed amount of push messagesa,bChat function and consultation of professionala,cCommunication

N/AFrequently asked questions on general topicsa

Search optiona,c

Findability of information on the
platform

Accessibility

Complicated languagea,b,c

Mandatory tonec

N/ALanguage use

Too much textc

Formal layoutc

Shabby layouta,b,c

Images and footageb,cLook and feel

N/AVulnerable populationb,c,eUser group

Unreliable forums are easy to finda

Maternity care assistants (MCAs) not trained

in electronic health (eHealth)c

Easily findablea

Guidance to platform by obstetric professionalsa,b,c

Findability and guidance

Starting during pregnancy or postpartum pe-

rioda
Preconception to 6 months postpartuma,b,c

Filling gap between MCA and preventive child health care

(PCHC) servicea,b

Timing

Obligation to create an account and authenti-

cationa,b,c
Access without authenticationa,c

Anonymousa,b,c

Authentication

Paywalla,b,cN/ACosts

Emaila,b,cAppa,b,cDevice

aFacilitators and barriers applicable to parents.
bFacilitators and barriers applicable to maternity care assistants (MCAs).
cFacilitators and barriers applicable to clinicians and administrators.
dN/A: not applicable.
eVulnerable populations include underserved populations with multifactorial problems, including health illiteracy.
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Information on Platform

General
All user groups indicated that a platform dedicated to the
postpartum period should be an all-around platform with a wide
range of information, dedicated to and classified by period of
pregnancy, childbirth, and the postpartum period. All parents
ensured that there is a need for general information brought to
them passively (eg, not in periodic emails). MCAs stated that
the platform would be a good support for parents during the
postpartum period. The involvement of different professionals
in the whole postpartum period, such as the community midwife,
MCA, general practitioner, and PCHC service, leads to a feeling
of discontinuity of care among parents, according to all user
groups. Parents added to this statement that they often heard
different advice from different maternity professionals and
PCHC services.

Both parents and MCAs acknowledged the added value of a
platform that provided the same information as MCAs, offering
parents a possibility to reread orally given information.

Parents also expressed the need for a platform that collected all
existing reliable information of other websites. Clinicians and
administrators agreed on this. All user groups stressed the
existence of several platforms about pregnancy, focused on
information for a general population, and that they missed
personalized information; for example, specific information on
how to address certain problems with the infant (eg, sleeping
problems) or psychological problems as a new mother. Filling
out extra questions in order to receive personalized information
was, however, perceived as bothersome. This was supported by
MCAs. In contrast, all groups indicated that filling out extra
questions on diet and receiving personalized advice to improve
their diet would be desirable. Parents and MCAs feared that
generalized information could lead to anxiety among parents if
their infant did not reach a developmental milestone. A solution
for this was brought up by parents: providing statistics on the
incidence of certain preconditions or milestones could be
helpful.

Err what I... for example, the statistics say 10 percent
of [postpartum] women gets a postpartum depression.
Well, if you hear that then you think, “All right, it’s
not that unlikely that I don’t feel well occasionally.”
[Parent focus group, female]

Care Guidance
All groups experienced barriers among parents to contact the
appropriate professional when problems occurred. Clear
information on the platform on when to contact which
professional was suggested. One of the aspects MCAs are
responsible for is sharing specified information on topics
regarding domestic abuse and violence. MCAs often share their
private telephone numbers—although officially not
allowed—with women suspected of being a victim of domestic
violence. MCAs thought that providing lists of institutions and
telephone numbers in different languages on the platform might
be helpful and safer for themselves.

Also, MCAs felt that sometimes they had to provide information
on prevention (eg, shaken baby syndrome and postpartum
depression) too early, and if they could refer to the platform,
new parents could read the information again and use the
information when needed.

And it also applies to me personally, that if I would
search for something [on the web-based platform]
and the advice on the platform would be “consult a
health care professional,” then I would be more
encouraged to eventually call [the professional].
[Parent focus group, male]

Information Topics
Parents stated that a platform dedicated to the postpartum period
should contain specific information on several main topics
regarding the mother and the infant. They felt that information
on psychosocial support, physical recovery, and birth control
was important. Regarding the infant, sleeping patterns, crying,
and breastfeeding or artificial milk were key topics.

Clinicians and administrators mainly recognized the physical
recovery as an important topic, while MCAs named
breastfeeding. All user groups also suggested that the platform
should contain specific information on healthy food for both
mother and infant. Extra information on diet-specific
information (eg, vegetarian lifestyle) was desired. Providing
healthy recipes was perceived as a barrier by parents and MCAs,
because this was found to be culture specific. Parents suggested
that they would prefer specific information on healthy food for
their infant, such as which vegetables should be introduced first.
All user groups stated that coaching by periodic emails
containing messages, questions, tips, and facts on a healthy
lifestyle and maintaining a healthy lifestyle may be less
well-placed during the postpartum period.

Both clinicians and administrators as well as parents emphasized
the added value of the possibility to share experiences with
other new parents. Parents commented that posting about
experiences online often leads to negative comments by other
parents. They thought it would scare people off if the
experiences and replies were not moderated by a professional.

Sources
The information on a platform must be reliable and must be
composed by decent sources, such as professionals from a
hospital or professional organizations. These sources should be
visible on the platform to increase the sense of reliability. This
was stated by clinicians and administrators, as well as by MCAs.
Parents confirmed this, and also emphasized that commercial
sources reduced the perceived reliability of the platform.

No, those websites where you can see “this text is
revised by a certain lung specialist so-and-so, from
such-and-such hospital.” Then I acknowledge that
written text more than Parents From Now [a
commercial magazine with a website, focused on
young parents: Ouders van Nu, in Dutch], which is
sponsored by Zwitsal [Dutch baby products brand]...
[Parent focus group, female]
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Additional Facilities

Communication
Provision of information via the platform was also discussed.
MCAs and parents mentioned the possibility of push messages.
Parents felt that push messages regarding healthy lifestyle were
too demanding and too paternalistic. They suggested the
possibility to adjust the frequency of messages. Clinicians and
administrators added that push messages following a parent’s
question on the platform would be more convenient, and MCAs
stated that messages should have a positive tone.

Both parents as well as clinicians and administrators advised
to provide a chat function with a professional on the platform
that would be focused on acute problems. This could be used
to reassure parents regarding topics such as crying, but also to
guide parents to the right professional. The clinicians and
administrators remarked that the responder needed to be a
trained professional. They suggested 24-hour coverage, as they
experienced parents calling them during the night with problems,
while parents preferred a chat function during the daytime until
early in the evening.

Findability of Information on the Platform
MCAs suggested reserving a part of the platform for frequently
asked questions (FAQ). Parents proposed that the questions
asked most frequently during a chat conversation could be
collected and added to a FAQ topic on the platform.

In order to increase the findability of information on the
platform, the platform should have a search option. This was
experienced as essential by parents as well as clinicians and
administrators, so that the platform becomes more personalized.

Because at the moment you have a chat function [on
the web-based portal], you will notice which questions
are asked more. And then a commonly asked subject,
for example, I would really like to have that
[collected] in a question-and-answer database. So,
accordingly, one can search for questions or
complaints. [Parent focus group, male]

Accessibility

User Group and Language Use
All user groups agreed on the use of accessible language.
Clinicians and administrators perceived the use of patronizing
language as a potential barrier for parents. All user groups
underlined that the use of scientific words scared off potential
users. MCAs as well as clinicians and administrators stated that
a platform was particularly desirable for a vulnerable population
with low health literacy. They agreed that the language had to
be adjusted to that population accordingly, even though
clinicians and administrators doubted whether this vulnerable
population could be reached by a platform, as illustrated in the
following quotes.

I think [use of] language is also very important.
[Respondent #1, clinician and administrator focus
group]

Yes, just basic language. [Respondent #2]

Yes, that you will not be patronized. [Respondent #1]

Yes, [language level] B1, everything as much as
possible in B1, yes. And explain difficult words by,
for example, clicking on it. A lot of images.
[Respondent #3]

Look and Feel of the Platform
The look and feel of the platform was found to be very important
by all user groups. This influenced the degree of attractiveness
for the users. Clinicians and administrators as well as parents
underlined the importance of a neat layout. Shabby look and
feel as well as a too-formal layout were considered to be barriers
for parents to visit the platform. Clinicians and administrators,
especially, emphasized the use of images and footage instead
of large amounts of text, in order to reach parents with lower
health literacy skills.

Findability and Guidance to the Platform
In order to reach different populations, parents underlined that
the platform must be easily found on online search engines.
They said that unreliable forums pop up more often in search
engines, and this might result in fewer people finding the
platform.

Parents also indicated that if their obstetric professionals would
advise them to visit the platform, that would increase the
findability and value of the platform. They missed the guidance
to additional information such as eHealth during regular care,
especially when they were transferred multiple times between
the strata in maternity care.

Clinicians and administrators as well as MCAs also stated that
guiding parents to an approved platform would be better than
letting parents find information on the internet themselves. Also,
MCAs perceived that some of their colleagues were not able to
work with a platform.

If my doctor would have said or something that I
should do it [visiting the web-based platform], then
I think I would have... if you get the advice to do it,
then I would make the effort to do so. [Parent focus
group, female]

Timing
Parents indicated that they were more likely to change their
lifestyle prior to pregnancy. They stated that they would more
often use the platform for obtaining information during their
pregnancy and postpartum period if they already used it before
pregnancy. They also felt that the platform should provide
information until 6 months after childbirth.

MCAs as well as clinicians and administrators saw the regular
checkups during pregnancy as an important moment to refer to
such a platform. MCAs underlined that parents need more
guidance, particularly in the gap between the first week
postpartum after the MCA has left and the start of more intensive
guidance by the PCHC service.

And I notice that the gap, so to say, from the end of
the postpartum care by MCAs until [the start of] the
PCHC services, those four weeks, that is actually too
long. [Respondent #1, MCA focus group]
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Yes. [Several other respondents]

Authentication
A perceived barrier among all user groups regarding the
accessibility of the platform was the obligation to create an
account and log on (ie, authentication). The possibility to ask
questions anonymously on the platform was preferred by all
user groups. MCAs as well as clinicians and administrators
experienced problems with other platforms when they had to
create an account and thought that would be a problem for
parents also.

The moment I have to log on and create an account
with a password, it puts me off. [Parent focus group,
female]

Costs
The same barrier was perceived regarding paying for using the
platform. Parents said that a free platform would be preferred,
but if it was really useful, they would consider paying a small
amount of money to gain access. Both clinicians and
administrators as well as MCAs feared a paywall; they thought
that, in particular, the population they wanted to reach with the
platform—the vulnerable population—would not be reached if
they had to pay.

Look, I work with very different families [during the
first week postpartum], I work with families that, so
to say, can’t even buy a half bread, and with well-off
families. Yes, you know, the communication lines
[with health care professionals] are shorter,
especially compared to those who have money
problems. [Respondent #1, MCA focus group]

Yes, and especially for those people— [Respondent
#2]

—you need... you need this [web-based postpartum
platform]. [Respondent #1]

You really need this. [Respondent #3]

Device
Finally, it was discussed in all three focus groups that the
platform should be mobile-phone friendly. Parents said that
during breastfeeding they often check their mobile phones and
that this would be a great moment to search for information.
MCAs as well as clinicians and administrators pointed out that
even among the poor families, almost everybody has a mobile
phone with internet access and that sending messages to their
phones would be more convenient than emailing.

Discussion

Principal Findings
In order to develop an eHealth platform to be used by new
parents but also by maternity care professionals, we aimed to
explore the need for and content of a web-based platform to be
used during the postpartum period. Our research showed that
there is a need for such a platform, preferably until 6 months
after childbirth in addition to regular postpartum care. The
platform and the information on the platform should be easy to
find. Also, platform developers should pay special attention to

the look and feel of a platform in order to increase the usability.
Topics on the platform should focus on general information
about pregnancy, childbirth, and the postpartum period, but also
on more personalized information. A difficulty with this is that
parents emphasized the need for personalized information, but
they also have a problem with authentication and filling in
additional questions about their personal situation; therefore,
personalization of information was limited.

Strengths and Limitations
One of the strengths of this study was the safe environment
created by arranging three separate focus groups guided by an
experienced moderator. Additionally, all participants were given
the opportunity to express their opinions and experiences
equally. Another strength was the proper qualitative health
method that was used for the focus groups and analysis of the
data. Furthermore, by using a framework approach, a clear topic
list was used to guide the discussions in which all facets of
innovation were covered. The transcripts were independently
coded by two researchers, resulting in a high level of intercoder
agreement.

In addition, all potential user groups of a postpartum period
platform were represented. By including not only parents,
MCAs, and midwives but also PCHC professionals and
administrators, we had the opportunity to consider the need for
a postpartum platform and the content from all perspectives.
This contributed strongly to the usability and robustness of our
results.

In terms of limitations, there is a possible selection bias. The
participants in the parent focus group were generally of
Caucasian origin and highly educated. Despite intensive
attempts, only one partner, who was male, participated. This
may influence the external validity of the results. On the other
hand, the MCAs added rich descriptions of their experiences
with clients with low socioeconomic status that were in line
with the opinions expressed by the parents. Therefore, the
overall influence of selection bias on the results may be limited.
Another limitation of this study is that some topics were only
briefly discussed due to time limitations and, therefore, depth
is lacking on some topics. However, by using this approach we
were able to cover a wide range of topics. This enabled us to
investigate the preconditions for such a platform from a broad
perspective.

Comparison With Prior Work
All user groups stated that there is a need for a platform
dedicated to the postpartum period because continuity of care
is missed and parents hear different advice from different
professionals. Problems with handover of information and care
among professionals in maternity care has gained more
awareness, but was not discussed in our focus groups [26]. The
feeling of a lack of continuity of care and receiving conflicting
advice among parents is also supported by Baas et al [33].

Furthermore, it is well known that women experience stress,
loneliness, insecurity, and feelings of isolation after childbirth
[1,31]. eHealth could provide a partial solution to this problem
[13,18,23,34]. However, parents in our focus group felt that
eHealth is more important for access to fast and reliable
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information than to solve feelings of loneliness. A possible
explanation can be the presence of the MCA during the
postpartum period. Additionally, parents would like to use a
platform dedicated to the postpartum period up to several months
after childbirth.

The needs for the content of the platform were in line with the
findings of Slomian et al [23]. General topics, such as
information regarding breastfeeding, physical recovery after
childbirth, postpartum depression, among others, were
mentioned [23]. Accordingly, the underlying need for
reassurance and empowerment was also mentioned and this is
recognized among other postpartum women around the world
[2]. All user groups acknowledged the added value of care
guidance to the appropriate professional and it is known that
eHealth can contribute to this process [9]. Push messages were
experienced as essential in order to receive important
information but also as irritating by parents if the content does
not match topics that are important to them and could lead to
extra stress. This equilibrium has been recognized in previous
research [35,36]. In addition to Slomian et al, we showed that
even women who receive extensive postpartum care prefer the
use of a platform during the postpartum period [23,34].

Parents find it stressful if they cannot contact a professional
directly [36]. A chat function is required and this may reduce
the stress. This chat function does not require 24-hour coverage
according to the parents, in contrast to the findings of Danbjørg
[36]. The intensive presence of an MCA during the first week
postpartum in the Netherlands may be an explanation for this
difference.

In general, the knowledge on the importance of a healthy
lifestyle before conception and during pregnancy for both
mother and infant is increasing [37-39]. eHealth has the potential
to support women to achieve a healthy lifestyle during the
preconception period and pregnancy [12,40]. However, parents
in our focus group study rejected the idea of achieving a healthy
lifestyle with the use of eHealth specifically during the
postpartum period and would rather see a platform with

information about factors other than lifestyle, such as physical
recovery and sleeping patterns of an infant. A combination of
both might strengthen the platform.

To ensure the usage of the platform, maternity care professionals
should guide women and their partners toward this platform,
especially vulnerable women and their partners. Commercial
companies already use online websites to inform pregnant and
postpartum women about their products and are very
experienced with this concept. Collaboration with these
commercial companies may increase the knowledge on proper
ways of attracting parents to the platform.

Future research should focus on cost-effectiveness and
improvement of quality of care of such a platform, since it is
an addition to regular postpartum care. Also, the needs and
accessibility of a postpartum platform for vulnerable parents or
parents with low health literacy should be taken into account
in further research. For example, separate interviews with these
parents could be undertaken, especially to adapt the content of
the platform to their needs and preferences. A randomized
controlled trial could be undertaken, targeted to a vulnerable
population, in order to investigate the relationship between
reliable information via a platform and maternal empowerment.

Conclusions
Parents and involved maternity care professionals foresee a
need for a web-based postpartum period platform, despite the
presence of MCAs during the first week after childbirth. This
web-based platform ideally connects to preconception and
pregnancy platforms and is accessible until 6 months after
childbirth, and parents should be referred to this platform by
professionals working in perinatal care. There is a need for
information provision that is both easily accessible and reliable.
Information on the platform should focus on general topics,
such as breastfeeding, psychological support, and physical
recovery after childbirth. However, the web-based platform
should also be tailored to the individual needs of the parents
and a chat function is advised. eHealth in the form of a
web-based platform may be a suitable solution to this.
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Abstract

Background: Patient-reported outcomes (PROs) for chronic disease management can be integrated into the routine workflow
by leveraging mobile technology.

Objective: The objective of our study was to describe the process of our quality improvement (QI) efforts using tablets for PRO
collection in a busy, academic rheumatology practice to support a treat-to-target (TTT) approach for rheumatoid arthritis (RA)
management.

Methods: Our QI team designed a process for routine collection of PROs for RA patients at the Arthritis Center, employing
information technology and an electronic medical record (EMR) system. Patients received a tablet at the clinic check-in desk to
complete the Routine Assessment of Patient Index Data 3 (RAPID3) survey, a validated RA PRO. RAPID3 scores were uploaded
to the EMR in real time and available for use in shared decision making during routine office visits. Weekly data were collected
on RAPID3 completion rates and shared with front desk staff and medical assistants to drive improvement. Patients in our patient
family advisory council and focus groups provided informal feedback on the process.

Results: From May 1, 2017, to January 31, 2019, a total of 4233 RAPID3 surveys were completed by 1691 patients. The mean
age of patients was 63 (SD 14) years; 84.00% (1420/1691) of the patients were female, and 83.00% (1403/1691) of the patients
were white. The rates of RAPID3 completion increased from 14.3% (58/405) in May 2017 to 68.00% (254/376) in September
2017 and were sustained over time through January 2019. Informal feedback from patients was positive and negative, relating
to the usability of the tablet and the way rheumatologists used and explained the RAPID3 data in shared decision making during
the office visit.

Conclusions: We designed a sustainable and reliable process for collecting PROs from patients with RA in the waiting room
and integrated these data through the EMR during office visits.

(JMIR Form Res 2020;4(3):e15158)   doi:10.2196/15158
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Introduction

Background
Patient perspectives must be incorporated into chronic disease
management to improve the quality of care. Patient-centered
care integrates patient preferences and values into clinical
decisions, and according to the Institute of Medicine, it is one
of the six pillars of quality health care [1]. However, there
remains a gap in how patient values and preferences are
integrated into busy clinical workflows. Patient-reported
outcomes (PROs) represent validated tools providing patients’
perceptions of well-being and functional status [2]. PROs have
been used successfully in clinical settings where the intervention
can often lead to a significant change in outcome, such as
oncology and joint replacement surgery [3].

Rheumatoid arthritis (RA) can lead to joint destruction and
impaired functional status. Treat-to-target (TTT) approach serves
as the prevailing treatment strategy for RA management,
requiring clinicians to measure disease activity regularly and
use these data to guide medication changes, with a goal of
achieving remission or low disease activity [4-6]. In Sweden,
a national rheumatology quality registry captures 85% of
patients with RA and incorporates PRO in routine RA care,
using a dashboard to allow patient participation and engagement
in RA disease management [7]. PROs offer the promise of
increasing value, improving efficiency, and enhancing shared
decision making for chronic disease management; however,
PROs must be implemented in a thoughtful manner that fits
within busy clinical workflows [8].

The Routine Assessment of Patient Index Data 3 (RAPID3) is
an RA PRO widely used in RA that has been validated and
recommended as a reliable measure of disease activity and can
be completed in less than 1 min by patients using a paper form
[9-12]. The RAPID3 questionnaire consists of 3 sections: a
physical function assessment, a global assessment for pain, and
a global assessment of overall health. The RAPID3 questionnaire
exclusively relies on patient-derived assessments and does not
require input from the clinician.

Objectives
We describe our initial quality improvement (QI) process
leveraging mobile technology by using tablets to collect the
RAPID3 disease activity scores from RA patients before office
visits. The RAPID3 data are immediately available to
rheumatologists in the electronic medical record (EMR) and
can be used for shared decision making between rheumatologists
and patients. We assessed patient satisfaction on the usability
of tablets and their perceptions of how RAPID3 data were used
within the clinical visit.

Methods

Setting
We conducted our QI work at an outpatient rheumatology
practice within a large academic medical center, which uses a
vendor-based EMR (Epic) and a patient portal for EMR access.
Approval from the Partners Institutional Review Board was

waived as this study was part of a larger QI initiative. There
were 55 rheumatology attendings and fellows who see RA
patients at the Arthritis Center with full-time and part-time
schedules and 5 medical assistants. Front desk staff were shared
with our adjacent orthopedics outpatient practice and radiology
outpatient suites. There were approximately 500 rheumatology
patients seen per week, with 15.0% (75/500) having a diagnosis
of RA and thus eligible for a tablet to complete the RAPID3
PRO questionnaire.

Software Development and Information Technology
Support
The Arthritis Center purchased tablet devices for PRO
collection. Tablets were approved and encrypted by our health
care delivery system information technology and PRO team.
Tablets were placed in a protective case for storage, charged
nightly, and kept on a cart behind the front desk. Staff sanitized
the tablets between each use and at the beginning and end of
each day. The health care delivery system information
technology and PRO team provided support for (1) customizing
the tablets with the RAPID3 questionnaire, (2) programming
International Statistical Classification of Diseases-Tenth
Revision (ICD-10) codes for RA into the tablets, (3) repairing
and replacing tablets, and (4) conducting staff training pertaining
to the use of tablets in the clinic. The PRO team customized the
initial programming and data displays for the tablets based on
input from the QI team.

Patient Perspective
We obtained patients’ perspective on the tablet questionnaire
completion and the use of RAPID data in discussions with the
rheumatologist during the office visit informally. We conducted
seven focus groups as part of our broader QI initiative, 3
focusing on general experience of RA patients and four focusing
on shared decision making [13]. We also created an RA patient
family advisory council (PFAC), which is a group of patients
who are invited to serve as members to help provide patient
feedback and input on various RA clinic processes. During our
focus groups and our regularly scheduled RA PFAC meeting,
we asked patients about their experiences with the RAPID3
questionnaire completion in the waiting room and their
perceptions of the use of RAPID3 during office visits.

Quality Improvement and Process Redesign
This pilot for using tablets to collect RAPID3 PROs was a part
of a larger QI initiative designed to integrate a TTT approach
for the management of RA into the outpatient rheumatology
practice. A team of stakeholders, including rheumatologists,
nurses, pharmacists, medical assistants, front desk staff, practice
leadership (managers and medical director), project coordinators,
and QI leadership, met to develop the pilot program. We
assessed patients’ perspective regarding the use of tablets for
the collection of PROs through informal qualitative feedback
from patient focus groups and our RA PFAC [13].

Multiple small group meetings were held, and a series of small
plan-do-study-act (PDSA) cycles took place to develop a
workflow that was effective for reliable and sustainable PRO
collection. In PDSA cycle 1, front desk staff were given
instructions on how to provide RA patients with tablets;
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however, given the lack of a clear reminder, patients were often
missed. In PDSA cycle 2, a project coordinator created a daily
list of all RA patients with appointments and gave this list to
the front desk staff. As the daily list was not used in the busy
front desk staff workflow, patients continued to be missed. In
PDSA cycle 3, front desk staff were trained on how to identify
eligible RA patients through the schedule view in the EMR;
however, we found that not all front desk staff could reliably
use this visual cue when there were multiple patients checking
in for appointments, and patients continued to be missed.

In PDSA cycle 4, we convened the administrative leadership
of the clinic and the front desk staff together to meet with our
QI team and discuss barriers and workflows and redesigned the
workflow. We found that if patients received the tablet but were
brought from the waiting room to the examination room for
their visit, they did not always have enough time to complete
the RAPID3 questionnaire, leading to a higher volume of
questionnaires that were started but not completed. We educated
our medical assistants, the staff who bring patients from the
waiting room to the examination room to do vital signs, to
remind patients to complete the questionnaires. We also started
sending weekly emails with the rates of RAPID3 completion
to the front desk staff and administrative leadership. With the

combination of leadership support and accountability and a
better understanding of front desk workflows, we found that by
month 4 of our pilot, rates of completion had increased
substantially.

Workflow and Process
All rheumatology patients presented to a central front desk area
that was shared by the rheumatology, radiology, and orthopedic
departments. Patients with a diagnosis of RA were identified
through the initial programming of the tablets via ICD-10 codes,
and an icon was displayed on the EMR scheduling interface
used by the front desk staff, denoting that a particular patient
should receive a tablet during their check-in process.

The front desk staff entered patients’ appointment codes into
the tablet and provided patients with the tablet along with
instructions to fill out the RAPID3 questionnaire while in the
waiting room. A medical assistant was responsible for bringing
patients from the waiting room to the examination room. If
patients did not complete the RAPID3 questionnaire before the
medical assistant called them for their appointment, patients
were instructed to bring the tablet into the examination room
and complete the questions before the rheumatologist entered
the room (see Figure 1). Used tablets were given to the medical
assistant, who then returned the tablets to the front desk staff.

Figure 1. Process flow map of patients and Arthritis Center staff for RAPID3 completion on tablets in waiting room. This figure delineates the process
from when patients present to the front desk for their rheumatology office visit to completion of the Routine Assessment of Patient Index Data 3
patient-reported outcome either in the waiting room or in the examination room. EMR: electronic medical record; MA: medical assistant; RA: rheumatoid
arthritis; RAPID: Routine Assessment of Patient Index Data.

Pilot Study
In May 2017, we began piloting the use of tablets for the RA
PRO RAPID3 questionnaires for all RA patients in our Arthritis
Center. Weekly emails were sent out to the front desk staff and
practice leadership identifying the total number of eligible
patients who should have received the tablet but did not, patients
who received the tablet but did not complete the RAPID3
questionnaire in its entirety, and patients who received and fully
completed the RAPID3 questionnaire. Selected rheumatologists
participated in a QI initiative that included attending monthly
meetings to promote engagement in a TTT approach for RA
through education and training on the use of RAPID3 for RA
patients.

Data Analysis
We present proportions and means of sociodemographic
characteristics of patients who completed the RAPID3
questionnaire. We used the SPSS version 24 software for the
analysis.

Results

Between May 1, 2017, and January 31, 2019, a total of 4233
RAPID3 surveys were completed by 1691 patients. Table 1
shows the sociodemographic characteristics of patients who
completed the RAPID3 questionnaire. We found that 82.70%
(1398/1691) of patients were female, with a mean age of 61.6
(SD 14.4) years, 82.30% (1391/1691) were white, 60.00%
(1014/1691) reported that they were married or in a civil union,
and 54.70% (890/1691) had a college degree or higher level of
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education, and 45.30% (766/1691) of the patients who
completed the questionnaire did not have a college degree.

During the study, the overall monthly completion rate of
RAPID3 PROs improved, increasing from 14.3% (58/405) in
May 2017 to 67.5% (254/ 376) in January 2019, with a sustained
rate of greater than 63.3% (210/331) after September 2017

(Figure 2). Informal feedback from patients in our focus groups
and our PFAC was both positive and negative: positive feedback
centered around the ease of use of the tablet-based PRO and
short duration needed to complete the RAPID3 questionnaire;
however, patients perceived that rheumatologists did not use
RAPID3 data during office visits.

Table 1. Characteristics of rheumatoid arthritis patients who completed the Routine Assessment of Patient Index Data 3 questionnaire (May 2017 to
January 2019; N=1691).

ValuesPatient characteristics

1398 (82.70)Female, n (%)

61.8 (14.40)Age (years), mean (SD)

1385 (82.30)Race (white American), n (%)

1014 (60.00)Marital status (married or/civil union), n (%)

890 (54.70)Education level (graduated from college, graduated from school, or postgraduate), n (%)

Figure 2. Routine Assessment of Patient Index Data 3 rheumatoid arthritis patient-reported outcomes percent completion rate from May 2017 to January
2019. This figure shows the rate of Routine Assessment of Patient Index Data questionnaire completion 14.3% (58/405) in May 2017 to 67.5% (254/
376) in January 2019, with a sustained rate of greater than 63.3% (210/331) after September 2017. RAPID3: Routine Assessment of Patient Index Data.

Discussion

Principal Findings
These pilot data illustrate that the use of tablets to collect RA
PROs in real time while patients are awaiting their rheumatology
appointment can be integrated successfully into the clinic
workflow. We demonstrated that these efforts can be sustainable
through the use of a multi-stakeholder collaboration between
our Arthritis Center staff, our information technology staff,
PROs teams, and our QI team. We used an iterative, continuous
QI approach with PDSA cycles to modify our process over time.

RAPID3 data reporting was a challenge at times because of
changes in the governance within and developing infrastructure
of our PROs team. For example, calculating weekly completion
rates of RAPID3 questionnaires was conducted through data
extraction from a centralized reporting dashboard by our QI
team. However, to measure RAPID3 scores, as the centralized
dashboard had as yet to offer data export, we had to conduct
manual chart reviews in the EMR and link this with a data
extract obtained manually from our IT PROs team. Moving
forward, the PROs team has created a new centralized data
infrastructure to support local ambulatory practices and to
support teams extracting customized data and reports to drive

improvement efforts. Incorporating PROs within the clinic visit
presents a major challenge in a busy ambulatory clinic setting.
In other conditions where PROs are collected, questionnaires
may be distributed to all patients to facilitate the ease of data
collection. Electronic PROs have also been implemented system
wide with more general health-related quality of life
questionnaires but require strong senior administrative
leadership support and local clinic buy-in for success [14]. In
our study, we provided the RAPID3 questionnaire only to RA
patients. However, patients present with competing clinical
priorities during routine follow-up visits; therefore, reviewing
and discussing the RAPID3 data may not always be a shared
priority for patients and rheumatologists. Within focus groups,
some patients reported that the rheumatologist might state the
RAPID3 score, but the patient did not know what the score
meant and thus could not understand how the RAPID3 score
was being used in the clinical discussion.

Much of the value in PROs in clinic comes from assessing
symptom severity, informing treatment decisions, tracking
outcomes, and prioritizing patient-provider discussions [15].
As the RAPID3 questionnaire measures global patient pain and
functional status for RA patients, the completed answers on the
questionnaire are readily available to rheumatologists during
the office visit and can promote shared decision making when
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patients are not doing well. The RAPID3 data can be trended
over time graphically, allowing the rheumatologist to show
these data to the patient during the office visit. The drawback
of the RAPID3 questionnaire is that the pain score may be driven
by non-RA–related pain; this can confuse patients and clinicians
when considering whether treatments require changing.

Strengths and Limitations
The use of the RAPID3 tool itself has both strengths and
limitations. Key strengths are the ease and speed to complete

the RAPID3 questionnaire without medical professional
supervision, and the lack of additional components to calculate
the score such as laboratory results or joint counts (Figure 3).
In particular, our project shows that the RAPID3 questionnaire
can be completed by patients with varying educational levels
because we found that less than half of our patients who
completed the questionnaire did not have a college degree.

Figure 3. Screenshot of the Routine Assessment of Patient Index Data 3 patient-reported outcome questionnaire. This figure is a depiction of what the
patient sees when they are completing the Routine Assessment of Patient Index Data 3 questionnaire on the tablet with a single question per screen in
an easy-to-use display.

Limitations include the fact that the RAPID3 global pain score
is generic, so pain that is attributable to etiologies other than
RA may hyperinflate the RAPID3 score; this issue can
negatively impact the buy-in from rheumatologists to use the
data to inform shared decision making for RA management.
However, we recognize that patient engagement in shared
decision making is an important aspect of medical care delivery
and patient satisfaction with medical care, and PROs can help
achieve this [16]. Literacy may also impact the completion of
a PRO.

Conclusions
We plan to expand the use of RAPID3 as an RA PRO across
all of our rheumatologists and to integrate shared decision
making into our daily practice of RA management following
the TTT strategy. By reviewing RAPID3 scores with patients
during office visits, discussing their meaning in relation to RA
and other medical conditions, and integrating the routine
measurement of disease activity into RA management, we can
increase the use of a TTT approach for improving the quality
of RA care.
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Abstract

Background: A multidimensional health assessment questionnaire (MDHAQ) that was developed primarily for routine
rheumatology care has advanced clinical research concerning disease burden, disability, and mortality in rheumatic diseases.
Routine Assessment of Patient Index Data 3 (RAPID3), an index within the MDHAQ, is the most widely used index to assess
rheumatoid arthritis (RA) in clinical care in the United States, and it recognizes clinical status changes in all studied rheumatic
diseases. MDHAQ physical function scores are far more significant in the prognosis of premature RA mortality than laboratory
or imaging data. However, electronic medical records (EMRs) generally do not include patient questionnaires. An electronic
MDHAQ (eMDHAQ), linked by fast healthcare interoperability resources (FIHR) to an EMR, can facilitate clinical and research
advances.

Objective: This study analyzed the reliability, feasibility, and patient acceptance of an eMDHAQ.

Methods: Since 2006, all Rush University Medical Center rheumatology patients with all diagnoses have been asked to complete
a paper MDHAQ at each routine care encounter. In April 2019, patients were invited to complete an eMDHAQ at the conclusion
of the encounter. Analyses were conducted to determine the reliability of eMDHAQ versus paper MDHAQ scores, arithmetically
and by intraclass correlation coefficient (ICC). The feasibility of the eMDHAQ was analyzed based on the time for patient
completion. The patient preference for the electronic or paper version was analyzed through a patient paper questionnaire.

Results: The 98 study patients were a typical routine rheumatology patient group. Seven paper versus eMDHAQ scores were
within 2%, differences neither clinically nor statistically significant. ICCs of 0.86-0.98 also indicated good to excellent reliability.
Mean eMDHAQ completion time was a feasible 8.2 minutes. The eMDHAQ was preferred by 72% of patients; preferences were
similar according to age and educational level.

Conclusions: The results on a paper MDHAQ versus eMDHAQ were similar. Most patients preferred an eMDHAQ.

(JMIR Form Res 2020;4(5):e15815)   doi:10.2196/15815
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Introduction

A multidimensional health assessment questionnaire (MDHAQ)
[1-3] has been completed by all patients at all visits to one of
the authors (TP) since 1982, based on initial evidence that
patient questionnaire scores for physical function are significant
in the prognosis of work disability and premature death in
rheumatoid arthritis (RA) [4]. Paper MDHAQ data for all
patients were entered into databases (Paradox, Access) in the
1990s to provide serial flowsheets of patient scores, laboratory
data, and medications, which informed clinical decisions [5].
Clinical research using MDHAQ databases has advanced
knowledge concerning the prognosis of mortality [6-8],
importance of socioeconomic status [7,9,10], value of
methotrexate [11,12], value of low-dose glucocorticoids [13],
and recognition of depression [1,14] in RA and other rheumatic
diseases.

The MDHAQ is completed by all patients at several
rheumatology sites, including New York University Hospital
for Joint Diseases (since 2005), a private practice in Ridley
Park, PA (since 2006), Rush University Medical Center (since
2006), and Liverpool Hospital in Australia (since 2013) [15].
However, the patients continue to complete a paper MDHAQ
despite the use of electronic medical records (EMRs) at each
of these sites, as the EMR generally has not included patient
questionnaires. Databases of paper MDHAQ data from routine
care have been entered into electronic research databases to
recognize that disease burden in osteoarthritis is similar to RA
[15], and to develop indices such as routine assessment of patient
index data 3 (RAPID3) [16-18] and a fibromyalgia assessment
screening tool (FAST3). RAPID3 is the most widely used RA
index in the United States [19,20], and comparable to
disease-specific indices to recognize changes in clinical status
in patients with all other rheumatic diseases which have been
studied [21-23].

An electronic MDHAQ (eMDHAQ), linked to an EMR through
fast healthcare interoperability resources (FHIR), could enhance
clinical care with serial flowsheets, enable remote patient
completion before or between scheduled visits to report
problems, and reduce costs and errors in retrospective data entry
of paper versions for clinical research. This report presents
analyses of the reliability, feasibility, and patient acceptance of
an eMDHAQ.

Methods

Ethics and Consent
The Rush University Institutional Review Board waived the
requirement for patient consent in the completion of patient
questionnaires, as the questionnaire is a component of routine
care, analogous to a laboratory test, that provides quantitative
quality measures to guide clinical decisions. The database used
in this study is part of the Rush University Patient-Reported
Outcomes Studies approved by the Rush University Institutional
Review Board, with a waiver for patient consent for
retrospective data analysis (14090502-IRB02-AM03). The
eMDHAQ is regarded as an extension of efforts to implement
quality measures.

Patients
Since 2006, all patients with all diagnoses seen by all clinical
rheumatologists at Rush University Medical Center (14 in 2019)
have been asked to complete a paper MDHAQ at each visit to
provide quality measures in routine care [24]. Since the
introduction of the Epic EMR at Rush in 2011, all completed
MDHAQs have been scanned into the EMR as PDFs,
incorporated into each patient’s encounter record.

In April 2019, all rheumatologists were asked to request that
patients older than 18 years complete an eMDHAQ on an iPad
at the conclusion of the encounter, indicating that the patient
could decline for any reason. This study was conducted during
routine care, as has been the case in all development of the
MDHAQ/RAPID3 other than retrospective analyses of clinical
trial results to compare RAPID3 to traditional RA indices [24].
Clinicians were not asked to collect formal records of how many
patients were asked to volunteer or how many refused. An
informal query indicated that most patients declined because
of a need to leave the clinic.

The MDHAQ
The paper MDHAQ was developed over 25 years as a 2-page
patient self-report questionnaire, completed in 5-10 minutes,
although no formal studies of time for completion have been
reported. The MDHAQ includes patient self-report quantitative
scores for physical function (FN), 3 visual numeric scales (VNS)
for pain, patient global assessment (PATGL), and fatigue, a
self-report painful joint count, termed the rheumatoid arthritis
disease activity index (RADAI) [25], which is informative in
many rheumatic diseases [26], a 60-symptom checklist [27,28],
exercise status [29], morning stiffness, and change in status
[27]. The MDHAQ queries recent patient medical history
information, including possible surgery, hospitalizations, new
medications, adverse medication events, changes in medications,
and demographic data such as gender, ethnicity, and years of
education. A long version of the MDHAQ (termed "4 page
version" in paper format) for new patients includes past medical
history, illnesses, allergies, family history, social history,
comparable to a standard “intake” questionnaire for new patients
[24].

MDHAQ scores have been developed into 4 indices. RAPID3
includes 3 scores of 0-10 within the MDHAQ for physical
function, pain VNS, and PATGL VNS, which are compiled into
a score of 0-30 [16,23,30,31]. FAST3 is a 0-3 cumulative index
based on RADAI ≥16 (=1), symptom checklist ≥16 (=1), and
pain and/or fatigue VNS ≥6 (=1) [32,33]; a score ≥2/3 for
FAST3 agrees more than 80% with the polysymptomatic distress
scale, which is the basis for the 2011 revised formal
fibromyalgia criteria [32,33]. PSYCH3 (Psychological Index
3) includes queries for sleep quality, anxiety, and depression
[1,14]; as a screening tool, it shows good agreement with the
Centers for Epidemiologic Studies Depression Scale [1].
MEDI60 is based on the symptom checklist and has been used
for remote electronic monitoring of adverse events and patient
status without face-to-face patient visits [28].
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Databases
As noted above, all completed MDHAQs have been scanned
as PDFs into the Epic EMR since its introduction at Rush
University Medical Center in 2011 as a quality component of
the encounter record. A proposed eMDHAQ/RAPID3 presented
by Epic in 2015 lacked flowsheets to depict serially patient
scores, reports of specific new symptoms on the MDHAQ
checklist to facilitate a physician’s review of systems, and other
features that had enhanced the efficiency of patient care in the
pencil-and-paper data entry versions as early as the 1990s and
early 2000s [24]. As features beyond straightforward scores
could not be made available, an electronic MDHAQ was
developed in 2015-16 with the FHIR interface to be compatible
with the Epic EMR, which is termed ClinDat.

The ClinDat software is managed by ZiteLab, a Copenhagen
information technology company that has managed a Danish
rheumatology registry called DANBIO (initially designated
“Danish Biologics Registry”) since 2002. DANBIO currently
includes self-report data from more than 50,000 patients; these
data have been analyzed in more than 200 published reports
[34,35]. The ClinDat software was designed to be compliant
with the Health Insurance Portability and Accountability Act
(HIPAA), with direct patient entry of MDHAQ responses linked
to an EMR through FHIR. Database management includes
flowsheets depicting MDHAQ scores, laboratory test results
and medications, and possible automated encounter reports, as
was previously available with paper entry in the 1990s [5].

Relatively early adoption of ClinDat for routine patient care
was anticipated; however, administrative delays have persisted
to date. Therefore, in 2016, a decision was made to ask a
research assistant or associate to enter selected scanned
MDHAQs into ClinDat for specific research protocols. Protected
health information, including name, date of birth, and medical
record number, has not been entered into ClinDat pending
approval by Rush University. ClinDat assigns a unique identifier
to each patient; the unique ClinDat number is linked to protected
health information in a local Excel spreadsheet on the Rush
University server.

Research studies based on retrospective analysis of the ClinDat
database were conducted at Rush University from 2016-2019.
In one such study, it was found that according to RAPID3 and
other MDHAQ scores, the disease burden in patients with
osteoarthritis is similar to and often greater than that seen in
patients with RA, contrary to traditional paradigms [15,36].
Discordance of global assessments by patients and physicians
was found to be significantly associated with female gender,
low socioeconomic status, and high pain scores [37].
MDHAQ/FAST3 was found to be in 80% agreement with formal
fibromyalgia criteria [33]. The MDHAQ/MEDI60 symptom
checklist has been used in remote electronic monitoring to
recognize adverse events and their resolution with clinical
improvement [28].

The content of the eMDHAQ is identical to that of the paper
version; it is presented on 6 screens to minimize scrolling. For
the study described in this report, the ClinDat unique identifier
of each volunteer (or a new number for a few “new” patients)
was entered into the tablet by office staff before the tablet was

given to the patient. The patient then completed all eMDHAQ
items on the tablet without any further interaction with the staff
member before returning the tablet to the staff member.

The patient was then asked to complete a brief paper self-report
questionnaire with 3 items. The first 2 items were VNS queries
which were identical to those for pain, global assessment, and
fatigue on the MDHAQ: A. “How helpful do you feel the
questionnaire is to you to help communicate with your doctor?”
B. “How helpful do you feel the questionnaire is to your doctor
to help communicate with you?” The anchors were “0=not
helpful at all” and “10=very helpful.” The third item was a
simple query: “Which version do you prefer?” with 3 response
options: "computer," "paper," and "doesn’t matter."

The comparison of the eMDHAQ to the paper version is
regarded as a quality improvement project and is exempt from
patient consent by the Rush University Institutional Review
Board. The paper MDHAQ was entered into the ClinDat
database at a later time.

Data Analysis
Descriptive statistics were calculated for mean, range, and SD
or proportion of patients according to demographic data and
diagnosis. The paper and electronic MDHAQ scores were
compared for reliability using paired t-tests for continuous
variables and the McNemar test for binary variables. Reliability
was also examined according to the intraclass correlation
coefficient (ICC) with 95% CI; values less than 0.5 indicate
poor reliability, 0.5-0.75 indicate moderate reliability, 0.75-0.9
indicate good reliability, and >0.90 indicate excellent reliability
[38]. Feasibility was analyzed as the time to complete the
eMDHAQ. Patient preference was analyzed according to the
proportion of patients who responded that they preferred the
eMDHAQ or paper MDHAQ or had no preference; the
proportions were calculated for all patients, and according to
age (≤65, >65 years) and formal education (<12, 12, or >12
years). The level of statistical significance was set as P<.05.
All analyses were conducted using STATA 12.0 for Mac
(StataCorp LP).

Results

Among the 98 patients in the study, the mean age was 53.8 years
(range 21.0-88.0, SD 16.6); 87 (89%) were female, 47 (48%)
were white, 26 (27%) were black, and 25 (25%) were members
of other ethnic groups. The patients had various ICD-10
diagnoses, which were assigned by the treating rheumatologist
(Table 1). These patients appear to represent a typical
cross-sectional group of patients seen in an academic
rheumatology setting according to age, gender, and diagnosis.

The electronic and paper MDHAQ mean scores (SD) were
almost identical (Table 2).

Differences ranged from –0.4 to 0.7 and were all within 2% of
one another; no scores differed significantly, either clinically
or statistically. The ICC for the symptom checklist was 0.86,
indicating good reliability, and all other ICCs were greater than
0.92, indicating excellent reliability (Table 2).
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None of the volunteer patients reported difficulties using the
iPad. The mean time to complete the 6-screen eMDHAQ was
8.2 minutes, indicating good feasibility. For the patient
self-report paper questionnaire, the mean VNS rating (0-10,
where 10=very helpful) of how helpful the MDHAQ was to the
patient was 8.8 (SD 1.7); the mean rating of how helpful the

MDHAQ was to the physician was 8.7 (SD 1.9). Patient
preferences were 72% for the electronic version versus 7% for
the paper version, while 21% noted no preference. Preferences
did not differ meaningfully according to age or level of
education (Table 3).

Table 1. Demographic characteristics and diagnoses of the patients included in the study (N=98).

ValueCharacteristic

53.8 (21.0-88.0, 16.6)Age (years), mean (range, SD)

87 (89)Female gender, n (%)

Ethnicity, n (%)

47 (48)White

26 (27)Black

25 (25)Other

14.6 (4-20)Education level (years), mean (range)

Diagnosis, n (%)

18 (18)Rheumatoid Arthritis

15 (15)Osteoarthritis

11 (11)Systemic lupus erythematosus

6 (6)Osteoporosis

5 (5)Fibromyalgia

3 (3)Spondyloarthropathies

3 (3)Vasculitis

37 (38)Other

Table 2. Scores and test-retest reliability of patient-reported measures on the MDHAQ in paper versus electronic format for patients seen in routine
care (N=98).

ICCb (95% CI)Difference (95% CI)Electronic MDHAQ score,
mean (SD)

Paper MDHAQa score,
mean (SD)

Paper iPad Diff. (95% CI) ICC
(95% CI)

0.97 (0.97 to 0.98)0.003 (–0.4 to 0.5)1.8 (1.6)1.8 (1.6)Physical function (0-10)

0.95 (0.92 to 0.97)–0.1 (–1.0 to 0.7)4.9 (3.2)4.7 (3.1)Pain VNSc (0-10)

0.96 (0.95 to 0.98)–0.2 (–1.0 to –0.6)4.4 (2.8)4.2 (2.7)PATGLd VNS (0-10)

0.95 (0.93 to 0.97)–0.1 (–1.0 to 0.7)3.5 (3.1)3.3 (3.0)Fatigue VNS (0-10)

0.98 (0.97 to 0.99)–0.4 (–2.3 to 1.6)11.2 (6.9)10.8 (7.0)RAPID3e (0-30)

0.86 (0.79 to 0.91)0.3 (–2.1 to 2.7)9.7 (8.6)9.9 (8.8)60- Symptom checklist (0-60)

0.92 (0.88 to 0.95)0.7 (–2.0 to 3.5)9.7 (9.4)10.5 (10.1)Self-report RADAIf painful joint
count (0-48)

aMDHAQ: multidimensional health assessment questionnaire.
bICC: intraclass correlation coefficient.
cVNS: visual numeric scale.
dPATGL: patient global estimate.
eRAPID3: Routine Assessment of Patient Index Data 3.
fRADAI: Rheumatoid Arthritis Disease Activity Index.
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Table 3. Preferred version of the MDHAQ according to patient age and education level, n (%).

No preferenceeMDHAQPaper MDHAQaPatient demographic

Age (years)

15 (21)50 (72)5 (7)≤65 (n=69)

6 (22)19 (71)2 (7)>65 (n=28)

Education (years)

1 (11)7 (78)1 (11)<12 (n=9)

4 (22)13 (72)1 (6)12 (n=18)

16 (24)48 (70)4 (6)>12 (n=68)

21 (21)68 (72)6 (6)Total (N=95)

aMDHAQ: multidimensional health assessment questionnaire.

Discussion

The eMDHAQ performed similarly to the traditional paper
MDHAQ. All ICCs were greater than 0.86, indicating good to
excellent reliability of the 2 versions; these values are as high
as those seen in most comparisons in clinical medicine. For
example, an earlier report compared electronic and paper
versions of RA core data set measures [38,39], indicating ICCs
for a swollen joint count of 0.78 and for a tender joint count of
0.83; ICCs for RA indices which include a formal joint count
were 0.85 for Disease Activity Score 28 and 0.89 for the Clinical
Disease Activity Index. In an earlier study, the ICC for the
self-report physical function was 0.96, that for pain was 0.88,
that for patient global assessment was 0.78, and that for RAPID3
was 0.90 [38], compared to 0.97, 0.95, and 0.96, and 0.98,
respectively, in the present study (Table 2). The higher ICCs in
the present study may be explained in part by the 5-7 day
interval between measures in the earlier study compared to 1-2
hours in the present study; also, patients seen at Rush University
Medical Center have extensive experience with the MDHAQ.
The previous data are presented to document that the ICCs of
the measures reported by patients were somewhat higher than
those obtained by physicians.

The mean time required to complete the eMDHAQ was 8.2
minutes, which appears to be acceptable. Formal studies have
not been reported for the time to complete a paper MDHAQ,
although informal observations over more than 30 years suggest
that 5-10 minutes are required. In general, <10 minutes appears
to be acceptable, although some patients likely will require more
time, as is the case with the paper version.

Approximately two-thirds of patients expressed a preference
for the electronic version of the MDHAQ. However, no specific
information was collected concerning the number of patients
who declined to complete an eMDHAQ in the routine care
setting. It is reassuring that no meaningful differences in
preference or reliability were seen according to age or education
level, although it is anticipated that problems with completion
of an eMDHAQ will be more likely in older or less educated
patients, as has been seen with the paper MDHAQ; thus,
differences may emerge with larger numbers of patients.
However, several reports indicating poor clinical status
associated with low formal education level [7,9,40] required

completion of a patient questionnaire by the patients analyzed
in the studies. A small fraction of patients preferred the paper
version, and it is anticipated that a paper version will be offered
to some patients even after the eMDHAQ is incorporated into
routine care.

Clinical decisions in rheumatology patients are based more on
information from a patient history than in many chronic diseases
in which decisions are dominated by a “gold standard”
biomarker, such as blood pressure in hypertension or serum
glucose in diabetes [41]. A patient self-report questionnaire
depicts components of a “subjective” [42] patient medical
history as structured, quantitative, standard, protocol-driven,
data which meet criteria for the scientific method [43,44].
Physical function reported on a patient questionnaire is far more
significant in the prognosis of premature mortality in RA than
any laboratory or imaging data [4,6,45] and is as significant as
smoking to predict mortality in a nondiseased elderly population
[46].

The value of RAPID3 in rheumatology care [19,20,22] is
attributable in part to its capacity to depict change in clinical
status in all rheumatic diseases studied to date [21,22], while
the patient does almost all the work. Nonetheless, availability
of additional MDHAQ scales provide a clinician with
considerably more information than only RAPID3, for fatigue
[47], RADAI self-report painful joint count [26], adverse events
of medications and their resolution [28]. Traditional medical
history queries on the MDHAQ save time for patients and
doctors [31].

Quantitative RAPID3 scores are highest in patients with
fibromyalgia [48], which is seen as a comorbid condition in
20–40% of patients with RA, OA, and many rheumatic
diagnoses [49-51]. Clinical improvement is far less likely in
patients with comorbid fibromyalgia with any diagnosis than
in patients who have this diagnosis and no evidence of
fibromyalgia. A further MDHAQ index, FAST3 (fibromyalgia
assessment screening tool) may be used to screen for
fibromyalgia [32,33], and potentially explain unchanged
RAPID3 scores in RA patients with comorbid (secondary)
fibromyalgia. FAST3 includes the RADAI self-report painful
joint count and symptom checklist [32,33], and therefore is not
available when only RAPID3 is queried.
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The eMDHAQ was developed using FHIR as an internal format
to save data in a Zope object database, with capacity to interface
with any EMR in the management of individual patients. Further
description of such integration is beyond the scope of the present
study, which was focused on reliability of the eMDHAQ and
its acceptability to patients. Establishment of these features is
regarded as an important future stage in development of an
eMDHAQ for implementation in routine clinical care.

This study has several important limitations. First, all patients
completed the paper MDHAQ as a usual component of routine
care before seeing the rheumatologist, and they completed the
eMDHAQ at the conclusion of the visit. Ideally, half might have
completed the eMDHAQ initially in a formal study, but such a
study would have presented increased costs, logistic
complexities, and an extra burden to patients in a setting at
which all patients complete an MDHAQ routinely. Second,
patient recall of previous completion of the MDHAQ
approximately 30-90 minutes earlier could have influenced the
second recording. Third, neither the number of patients who
declined to participate nor the reasons for declining were
recorded in a routine care setting; in general, clinicians reported
informally that patients who declined participation noted other
scheduled activities, but some patients may have wished to
avoid the computer version. Fourth, patient preference for the
electronic version may be attributed in part to a “Hawthorne
effect,” with further attention from a research professional and
a new approach. At the same time, many patients had completed
many paper MDHAQs previously, and a bias to favor the
familiar paper version could have been present. The eMDHAQ

appeared acceptable to most patients, although provision for a
paper version for some patients is anticipated in clinical
implementation of an eMDHAQ for routine care.

The analyses reported here focused on cross-sectional reliability,
which is regarded by institutional information technology
professionals and developers as a prerequisite for further work
toward use of an eMDHAQ in routine care. Several adjustments
to the workflow will be needed to implement an eMDHAQ in
routine care; these details remain to be addressed in the next
phases of development. Further programming and collaboration
with EMR vendors for exchange of eMDHAQ data with the
EMR, using FHIR available within the software, is anticipated.

An eMDHAQ presents advantages to allow completion at home
before scheduled visits, rather than in the waiting area, and
remotely between visits to document status when patients report
disease flares or adverse medication events. Data entered by
patients can be transferred to the hospital EMR using FHIR and
can be made available on the physician’s computer screen. The
ClinDat software for the eMDHAQ described in this report may
partially overcome the problem of incompatibility of different
EMRs [52] and the costs of data entry to analyze long-term
outcomes of multiple rheumatic diseases in routine care, as it
may be possible to facilitate pooling of deidentified data from
multiple settings to establish a cost-effective multicenter
database to assess clinical status and responses to therapies
[34,53,54]. The preliminary results presented in this report
suggest further steps toward implementation of an eMDHAQ
for routine care.
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Abstract

Background: Many children aged younger than 5 years living in low- and middle-income countries are at risk for poor
development. Early child development (ECD) programs are cost-effective strategies to reduce poverty, crime, school dropouts,
and socioeconomic inequality. With the spread of low-cost mobile phones and internet access in low- and middle-income countries,
new service delivery models such as mobile phone–aided interventions have a great potential to improve early childhood
development.

Objective: This study aimed to identify the beliefs on importance of ECD, feasibility of a proposed intervention using mobile
phones and factors that may affect the usability of the intervention among mothers of newborns in a poverty-stricken area in
southwestern China.

Methods: We conducted an in-depth, semistructured interview study of 25 low-income mothers of newborns recruited from
two county hospitals in Yunnan Province. We applied the health belief model and cultural competence theories to identify the
facilitators, barriers, and preferences among the target population for parenting knowledge.

Results: The results showed that the participants had low health literacy and high perceived needs for learning ECD knowledge.
At the same time, they experienced several barriers to learning parenting information and following evidence-based instructions
including having limited time, limited financial resources, and different opinions on childcare among family members. Many
participants preferred to receive personalized messages tailored to their specific needs and preferred videos or graphics to text
only in the messages. Many favored a separate module to support postpartum mental health.

Conclusions: The study assessed the acceptability of an early childhood intervention using mobile phones to meet the needs of
the target population based on their beliefs, traits, and preferences and provided suggestions to refine the intervention to improve
its usability.

(JMIR Form Res 2020;4(5):e17179)   doi:10.2196/17179
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Introduction

Early child development (ECD) has been shown to link with
long-term health outcomes and well-being. Between 2004 and
2010, the number of children aged younger than 5 years who
were at risk for poor development in low- and middle-income
countries (LMICs) decreased from 279.1 million to 249.4
million [1-4]. There were 17.43 million at-risk children in China,
and geographic disparities remained significant [1]. Prevalence
of developmental delays in a low-income rural county in
Northeast China was found to increase from 13.4% when the
infants reached 6 to 12 months to 50.4% when they reached 24
to 30 months, while in most urban areas of China this prevalence
remained under 10% [5,6]. In certain regions of China, risk
factors for developmental delays such as inadequate learning
resources and activities were prevalent [7]. A household survey
conducted among a representative sample of children aged 3 to
6 years in southwestern China found that 72% of the primary
caregivers had not played with their children and 47% did not
read to them in the past year [8].

ECD programs are cost-effective strategies to reduce poverty,
crime, school dropouts, and socioeconomic inequality [9-12].
Targeted interventions have been implemented in the poorest
areas of China focusing on nutrition supplement and early
stimulation [13]. Parenting education provided in health
check-ups, home visiting, and ECD centers have shown to be
efficacious in some pilot studies [7]. However, it is challenging
to scale up those programs due to limited resources available
for a population of huge density, especially in remote areas
where medical professionals are in short supply.

Currently, with the spread of low-cost mobile phones and
internet access in LMICs, new service delivery models such as
mobile phone–aided interventions (mHealth) have a great
potential to influence ECD at the population level [14,15]. Short
message services (text messages) and smartphone apps have
proven to be successful in changing parents’ beliefs and
behaviors surrounding early child development. The intervention
for parenting education covers a wide range of topics such as
breastfeeding, nutrition, developmental milestones, anticipatory
guidance, language and cognition-oriented activities, car seats,
fire safety, etc. However, it has been found that compared with
well-off families, caregivers with lower income, education, and
literacy were less likely to enroll in mHealth programs, so the
programs were of less benefit to the low-income people [16].

Previous studies identified possible incentives for low-income
people to engage in mHealth programs, including financial
incentives and need for better health for their children. However,
barriers were also found such as culture and beliefs, limited
battery life of mobile phones combined with the lack of readily
available electricity, rates of interrupted mobile phone services,
mistrust or stronger desire to preserve privacy, and lower
technological literacy [16-19]. These issues must be elucidated
and addressed before well-designed interventions can reach
their intended audience and produce meaningful public health

outcomes. Previous reviews have found that most effective
public health programs are based on an understanding of the
health behaviors and the contexts in which they occur with
behavior change theories [20]. The health belief model (HBM),
one of the most widely used theoretical models of health
behaviors, has been applied most often for health concerns that
are prevention-related and asymptomatic, where beliefs are as
important or more important than overt symptoms [21]. As early
child development lies more on the desire of parents of
achieving better health and development rather than just
management of certain diseases, we believe it is most suitable
for our study.

This study aimed to identify the demand for ECD knowledge,
acceptability of a promising ECD intervention using mobile
phones, and factors that may affect the usability of the
intervention among mothers of newborns in a poverty-stricken
region of China. We employed a qualitative research method
in this study because the rich data obtained through this method
regarding participants’ perceptions, preferences, and barriers
are highly aligned with the study’s purpose and scope. Results
from this study will be used to support the design and
implementation of the ECD intervention using mobile phones.

Methods

Interview Sites
In March 2019, we conducted 25 semistructured in-depth
interviews among mothers of newborns recruited from two
county hospitals in Yunnan Province, southwestern China: the
Maternal and Child Health Hospital in Nanjian County and the
People’s Hospital in Jinggu County, both large hospitals where
the majority of infants in the two counties were delivered. These
two counties compose China’s most poverty-stricken area based
on the percentage of people below the national poverty line.
The study was approved by the institutional review board at the
University of Georgia (STUDY00005670).

Theoretical Framework
We applied the HBM and cultural competence theories to
identify the preferences and barriers among the target population
for receiving and practicing evidence-based parenting
knowledge [22]. HBM has been used in a broad range of
behavioral interventions including interventions to increase
screening, reduce risky behavior, and improve adherence to
medication regimen [23-26]. In its latest version, the key
constructs of the model include cues to action and self-efficacy
and perceived susceptibility, severity, benefits, and barriers
[27]. Studies have shown that parental perception regarding the
healthy development of their young children often involves
perceived barriers to take action [28-30]. Behavioral change
will not occur if parents’ perceived barriers outweigh perceived
benefits [31].

In addition, although our target population did not have language
barriers when reading ECD messages, they might have cultural
beliefs that were not consistent with the evidence that supports
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child healthy development. Culturally competent approaches
recognize and respect the cultural beliefs, norms, and values of
the target population and aim to improve effectiveness of the

intervention [32,33]. Therefore, in our theoretical framework,
cultural beliefs and norms were included as a modifying factor
(Figure 1).

Figure 1. Theoretical framework based on the health belief model.

Study Sites and Participants
The inclusion criteria were the study participants should be in
good health with no severe delivery complications or clinical
diagnosis of postpartum depression and have a healthy infant
aged less than 1 month.

Two physicians assisted in identifying and recruiting potentially
eligible participants through the hospital wards. The 25
participants were recruited in the local hospitals through
criterion sampling. We reached sample saturation with 25
participants, until a point where additional interviews did not
develop new theoretical insights. In other words, sampling was
stopped when the data were repetitive and our research questions
had been answered. To examine their eligibility for the study
based on the criteria, electronic medical records were retrieved
to scan for any recorded delivery complications or diagnosed
depression. Informed consents were obtained from all
participants who met the inclusion criteria and agreed to
participate in the study.

Data Collection
Two trained interviewers (DZ and YZ) conducted the in-depth
interviews in private rooms at the hospitals. We developed an
interview guide based on the theoretical framework (Figure 1)
pertaining to the design of the mobile health intervention. These
topics included (1) mothers’ individual perceptions about the
importance of avoiding adversities in the early years; (2) benefits
and barriers when feeding and nurturing newborns according
to recommendations sent over the phone; (3) family
socioeconomic status, family structure, relationship, beliefs,
and values related with adhering to the recommendations; (4)
concerns about privacy; and (5) preferences for the frequency

of receiving messages. During the interview, the Edinburgh
Postnatal Depression Scale, Chinese version, was used to
evaluate mothers’ mental health status [34,35]. Participants
were shown sample text messages and were asked questions
about the messages. The message included about 600 Chinese
characters and two pictures with four sections: (1) weekly
achievement, showing easily identifiable developmental
milestones; (2) weekly care, providing relevant information on
baby’s daily care; (3) weekly game, showing examples of
age-paced games and parent-child activities including playing
games, singing nursery rhymes, reading, and drawing; and (4)
weekly question and answer, providing answers to common
questions asked by parents. The interview was designed to begin
with sociodemographic questions followed with questions
according to each construct in the HBM.

Interviews were conducted on a one-on-one basis. Each
interview lasts approximately 60 to 90 minutes. To aid in
recruitment, ¥100 (US $15 in 2019) was provided to each
participant. All interviews were tape recorded with participant
permission.

Data Analysis
Interviews were transcribed verbatim and entered into qualitative
analysis software NVivo 12 (QSR International). A coding
structure based on the interview guide was iteratively developed
to label specific content from the interviews. The transcripts
were coded separately by two members of the study team (DL
and RG). After coding, the two team members met to discuss
the results and resolve any disagreements in coding by
consensus.

JMIR Form Res 2020 | vol. 4 | iss. 5 |e17179 | p.123http://formative.jmir.org/2020/5/e17179/
(page number not for citation purposes)

Zhang et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Results

Participant Demographic Characteristics
Table 1 shows the characteristics of the 25 participants. Their
average age was 28 years. More participants lived in urban
regions than in rural regions (56% [14/25] vs 44% [11/25]).
Most participants (10/25, 40%) were ethnically Han Chinese,
32% (8/25) were Yi, and 16% (4/25) were Dai Chinese. Overall,
48% (12/25) of newborns were male. The majority of the
infants’ primary caregivers (18/25, 72%) were mothers, while
12% (3/25) were grandparents. A total of 40% (10/25) of the
mothers finished middle school, and 28% (7/25) obtained some

college education, while 16% (4/25) finished only elementary
school. Half of the participants (13/25, 52%) were unemployed,
and 28% (7/25) had a full-time job; 48% (12/25) of participants
reported that the main source of family income was from their
husband. About half (13/25, 52%) of the participants had
household income below ¥5000 (US $750) per month, whereas
52% (13/25) of them reported they were willing to spend
between ¥1000 (US $150) and ¥2000 (US $300) on childcare,
and 28% (7/25) reported they were willing to spend more than
¥2000 (US $300). A majority of the participants (23/25, 92%)
were not receiving public financial aid. Most (23/25, 92%) were
married, and 40% (10/25) lived in extended families with 7 or
more family members.
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Table 1. Participant demographic characteristics (n=25).

ValueCharacteristics

28.08 (6.55)Age in years, mean (SD)

Region, n (%)

14 (56)Urban or township

11 (44)Rural

Race/ethnicity, n (%)

10 (40)Han

8 (32)Yi

2 (8)Hui

4 (16)Dai

1 (4)Yao

Sex of the newborn, n (%)

12 (48)Male

11 (44)Female

2 (8)No response

Primary caregiver of the baby, n (%)

18 (72)Self (mother of the baby)

3 (12)Grandparents of the baby

3 (12)Self and grandparents

1 (4)No response

Education of the mother, n (%)

4 (16)Elementary school

10 (40)Middle school

1 (4)High school

7 (28)Some college

3 (12)Four-year college

Employment of the mother, n (%)

7 (28)Full-time employment

5 (20)Self-employed

13 (52)No employment

Household main income source, n (%)

7 (28)Double income

12 (48)Husband’s income

4 (16)Family farm or business

1 (4)Income from parents-in-law

1 (4)No response

Estimated household income per month ( ¥ ), n (%)

13 (52)<5000

8 (32)5000-10,000

4 (16)≥10,000

Expenditures on the baby per month ( ¥ ), n (%)

2 (8)<1000

13 (52)1000-2000
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ValueCharacteristics

7 (28)≥2000

3 (12)Don’t know

Receiving government financial aid, n (%)

2 (8)Yes

23 (92)No

Marital status, n (%)

23 (92)Married

1 (4)Married but live separately

1 (4)Married with no official certificate

Number of family members in the household, n (%)

5 (20)3 or 4

10 (40)5 or 6

10 (40)7 and more

Number of children in the household, n (%)

5 (20)1

18 (72)2

2 (8)3

Participant Health, Work, and Breastfeeding Behavior
Table 2 shows participant health status and lifestyle. All
participants self-reported having good health. Most participants
had a low risk of postpartum depression with a depression scale
score below 13, but 6 people (24%) had a relatively high risk
of depression, although no clinical diagnosis of depression was
reported. A total of 76% (19/25) of participants reported light
to moderate workload for doing housework, and 64% (16/25)

of participants would spend more time on childcare than on
other things, while 20% (5/25) reported that they would spend
more time on family business, housework, or farm work. Most
participants (16/25, 64%) had no difficulty in breastfeeding,
while 28% (7/25) did not start breastfeeding, and one participant
reported having no breastfeeding plan because she had hepatitis
B. A majority of the participants (18/25, 72%) planned to
breastfeed for 6 months to 1 year, and 12% (3/25) planned to
breastfeed for less than 6 months.
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Table 2. Mothers’ health, work, and breastfeeding behavior (n=25).

Value, n (%)Characteristic

25 (100)Self-reported health status, good health

Depression scale

6 (24)Yes (≥13)

19 (76)No (<13)

Housework load

19 (76)Light

4 (16)Heavy

1 (4)Don’t do housework

1 (4)No response

Time allocation on childcare and other things

5 (20)Spend more time on business, housework, or farm work

16 (64)Spend more time on childcare

3 (12)Spend equal amount of time on childcare and work

1 (4)No response

Breastfeeding status

16 (64)Having no difficulty in breastfeeding

7 (28)Not having started breastfed

1 (4)Formula feeding

1 (4)No plan to breastfeed

Breastfeeding plan

3 (12)6 months

18 (72)6 months to 1 year

2 (8)More than 1 year

2 (8)No plan to breastfeed

Interview Themes

Perceived Needs for Learning Early Child Development
Knowledge
Around half of participants were concerned about baby’s health
issues such as having a cold, fever, acute diseases, adverse
reaction to vaccination, tobacco exposure, sleep, and other
illnesses, and 3 participants worried about baby’s behavioral
problems—for instance, they expressed concerns about their
child being spoiled by grandparents and developing bad habits
(Multimedia Appendix 1). Two participants expressed the need
to learn baby’s cognitive development, and another 2
participants worried about safety issues. Most participants
thought it was necessary to learn ECD knowledge. When asked
to describe interesting topics in ECD, most participants
mentioned baby’s growth and milestones, nutrition,
breastfeeding, and complementary feeding. Some participants
mentioned that they were interested in parent-child interactions
and baby’s social-emotional development. Several participants
were interested in mental health support for mothers. Sample
responses included: “I want to learn whether his growth is
normal, and how parents should interact with him.” “My first
child often caught cold probably because I did not have enough

breastmilk. For my second child I want to know how to prevent
cold” and “I would like to learn about safety issues. My home
is near the street. It is dangerous for the kids. I worry about
safety when he starts to learn walking.”

Some participants reported that they did not learn parenting
knowledge before giving birth to this child, whereas many
learned parenting knowledge from books and the internet, and
only 2 reported having learned ECD knowledge from health
care professionals. A majority of the participants perceived that
they had limited ECD knowledge, and some didn’t feel the need
to learn parenting knowledge. One response was, “I want to
know more about how to take care of my baby when he is
getting old, and how to help him recover without taking
medicines when he is sick.” Some participants thought that
parenting information they found online was inconsistent, and
they perceived the necessity to promote the child’s early
development.

Perceived Usefulness and Barriers to Learn and Practice
Parenting Knowledge
Many participants were willing to learn ECD knowledge from
health professionals. One response was, “I want to learn
parenting knowledge from experts. If it doesn’t take a lot of
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time, I am willing to follow experts’ suggestions. I can read the
messages after my baby sleeps at night. I don’t have time during
the daytime.”

Some participants responded that they did not have barriers in
following experts’ advice, but many expressed that they had
difficulties following experts’ suggestions because they had
limited time and financial resources, limited experiences, and
their children did not react as expected or they had different
opinions with family members. Some examples were, “I have
to go to work. I may not have time to follow experts’ suggestions
on childcare,” “I think the biggest obstacle for me is that if the
experts recommend a new-brand formula which is very
expensive, I will not follow their suggestions,” and “I may not
follow the experts’ recommendation when my child’s
grandparents have different opinions on parenting.”

Maternal Self-Efficacy
Many participants illustrated that they made decisions on
childcare by themselves or together with their husband. Some
participants responded that their husband made the decision
about childcare, and some illustrated that their mother-in-law
made the decision.

Overall, most participants said they had good relationships with
family members, while some expressed that they did not have
good relationships with their parents-in-law. Many participants
said they preferred to follow health professionals’ suggestions
in caring for their babies when there was a conflict between
experts’ and family members’ suggestions, while 2 participants
replied that they preferred to follow family members’
suggestions. However, only 4 participants were willing to
communicate with their family members the knowledge they
learned from professionals or persuade them to take the
evidence-based advice, and some participants said they would
not persuade family members because their parents had limited
ability to understand the knowledge.

Preferences for the Design of the Intervention
Almost all participants had a smartphone and had access to
internet on their phones, and only 1 person shared the
smartphone with her husband. Almost all participants preferred
to receive messages via smartphone apps, and half of them
preferred to receive the messages once a week, while 9
participants preferred to receive the messages every day or twice
a week. Overall, most participants responded that they would
keep and share the messages and won’t delete them. A majority
of the participants were willing to receive personalized
information based on their child’s characteristics. One response
was, “I would prefer to receive personalized suggestions. My
child is different from other kids.” However, several mothers
preferred to receive general messages and stated that they would
like to keep their baby’s information confidential.

When asked if they were willing to search for answers from
health professionals when having questions, many participants
preferred to consult with pediatricians at the county hospital,
some preferred to communicate via phone with professionals
in large hospitals remotely, and some of them would search for
answers online. Most of them expressed that they did not trust

village doctors and were more likely to ask for opinions from
doctors at larger health care facilities.

Raised Suggestions to Modify the Message Contents
When shown the sample text message, 11 mothers spent on
average less than 3 minutes to read one message, and 10 mothers
spent 3 to 5 minutes to read one message, and 4 of them spent
more than 5 minutes.

Some participants emphasized that they were very interested in
the weekly game section. One participant illustrated,
“parent-child interaction is very beneficial for the healthy
development of the child’s personality.” Another participant
described that “I like the section of parent-child interaction.
Every mom enjoys playing games with their child.” Some
mothers expressed that they liked the weekly care section on
nurturing, teething, or mood management.

Most participants considered the message understandable, and
some indicated that they preferred videos and pictures to text.
A few said that they did not understand even though they were
literate enough to read the text. One response was, “it may be
better if the messages can be conveyed via a video. I can easily
understand the messages by watching a video.” Further, 3
participants suggested that the messages should include a
platform for interaction between receivers and health care
professionals. One response was, “I like the weekly question
and answer section because I would like to have a platform
where specific questions are answered by the experts.”

Discussion

Principal Findings
This study focused on assessing feasibility of an ECD
intervention using mobile phones to meet the needs of mothers
of newborns based on their beliefs, traits, and preferences. By
interviewing 25 mothers, we enhanced our understanding of
the necessary elements for an ECD intervention to be acceptable
to low-income communities and determined the factors that
may affect the usability of the intervention. From the
demographic information, the samples in our study were
distributed evenly in rural and urban areas and covered a variety
of races. The majority of mothers we interviewed reported under
¥5000 (US $750) estimated household income per month.
Overall, the samples in our study fitted our targeted ECD
intervention, which was mothers of newborn children from the
poverty-stricken area.

The results indicated that mothers living in high-poverty regions
of China had strong perceived demand for understanding the
risk of poor childhood development. They had limited
knowledge on ECD and needed evidence-based information.
They were concerned that children may experience health
problems such as malnutrition and poor cognitive development.
From this perspective, we believe that the general guidance on
how to deal with common disease and malnutrition as well as
anticipatory guidance on development should be easily accessed
in the mHealth program to increase the motivation of use.
Furthermore, they realized that parent-child interaction played
a vital role in ECD. The participants expressed their interests
to learn how to read books and play games with their child.
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Therefore, education information on those aspects should be
maintained in the mobile phone–aided intervention.

In terms of likelihood of action, the participants believed that
learning parenting knowledge would help them better understand
the child’s needs. However, perceived barriers such as having
limited time and resources, different opinions in childcare among
family members, and distrust of village doctors exist, which
may affect whether participants follow the evidence. Therefore,
it might help to expand the mobile health program to incorporate
training for local doctors and community health workers, in
order to build a trustworthy relationship between parents and
local health professionals [36]. In addition, many participants
lived with their parents, who may influence their decision
making, and several participants reported that their husband or
mother-in-law made decisions on childcare. Although some
indicated that they would prefer to follow the evidence-based
information, they were still concerned that their parents or
parents-in-law would insist on the traditional beliefs. A potential
approach to address this barrier is to create a shared account
among family members so that everyone in a household can
learn ECD knowledge. It is worth noting that some participants
had a high risk of postpartum depression based on the cutoff
point of our screening tool, and messages/sections on postpartum
mental health support should be incorporated in the ECD
intervention.

As for the feasibility and ideas on the ECD app content, we
found most participants had access to the internet and
smartphones, thus the mobile health program was feasible for
this population. However, the participants had relatively low
breastfeeding rate/attempts and low health literacy, and thus
multimedia (eg, video, graphics, and text) and plain language
should be applied to make the content more understandable.
Visuals help make the information more persuasive and
memorable [37], which is particularly important for people with

low health literacy [38]. Plain language with a concise and
organized writing style helps participants better understand the
messages. Moreover, since the participants indicated that they
didn’t have much time due to childcare responsibilities, text
message that took more than 5 minutes to read might be lengthy
for them. Prior studies have proven that media-assisted
interventions, such as video episodes, can increase the reach
and reduce the cost and time for parent education; these are also
parents’ strongest preferences [39,40]. Therefore, instead of
using text, we plan to create 1-minute videos in the new
designed app conveying parenting knowledge and early
childhood interventions to decrease learning time and make
learning more convenient and attractive for the parents.

Limitations
We did not specifically interview mothers whose children are
at older ages, and their needs for parenting education could be
different with those moms who have a newborn child. However,
we did interview several moms who already have an elder child,
so we were able to retrieve some information on this end.

Conclusion
Our study proposed that mHealth should be considered as one
of the techniques in interventions on ECD due to its feasibility,
low cost, and potential to cover a wide range of the population.
This was the first study to ever understand the beliefs and
barriers for a mobile phone–based intervention to improve ECD
in a high-poverty region in southwestern China. We conclude
that even in poverty-stricken areas, both the technology and the
health literacy meet the requirement for the implementation of
mHealth programs. Furthermore, this study brought out some
potential ideas to make it more feasible when applied on the
ground. The results of the study will aid in the development of
potentially effective early childhood programs in underserved
regions in LMICs.
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Abstract

Background: Chronic kidney disease (CKD) is a health condition that threatens patient safety; however, few interventions
provide patient-centered education about kidney-specific safety hazards.

Objective: We sought to develop and test the usability of a mobile tablet–based educational tool designed to promote patient
awareness of relevant safety topics in CKD.

Methods: We used plain language principles to develop content for the educational tool, targeting four patient-actionable safety
objectives that are relevant for individuals with CKD. These four objectives included avoidance of nonsteroidal anti-inflammatory
drugs (NSAIDs); hypoglycemia awareness (among individuals with diabetes); temporary cessation of certain medications during
acute volume depletion to prevent acute kidney injury (ie, “sick day protocol”); and contrast dye risk awareness. Our teaching
strategies optimized human-computer interaction and content retention using audio, animation, and clinical vignettes to reinforce
themes. For example, using a vignette of a patient with CKD with pain and pictures of common NSAIDs, participants were asked
“Which of the following pain medicines are safe for Mr. Smith to take for his belly pain?” Assessment methods consisted of
preknowledge and postknowledge surveys, with provision of correct responses and explanations. Usability testing of the tablet-based
tool was performed among 12 patients with any stage of CKD, and program tasks were rated upon completion as no error,
noncritical error (self-corrected), or critical error (needing assistance).

Results: The 12 participants in this usability study were predominantly 65 years of age or older (n=7, 58%) and female (n=7,
58%); all participants owned a mobile device and used it daily. Among the 725 total tasks that the participants completed, there
were 31 noncritical errors (4.3%) and 15 critical errors (2.1%); 1 participant accounted for 30 of the total errors. Of the 12
participants, 10 (83%) easily completed 90% or more of their tasks. Most participants rated the use of the tablet as very easy
(n=7, 58%), the activity length as “just right” (rather than too long or too short) (n=10, 83%), and the use of clinical vignettes as
helpful (n=10, 83%); all participants stated that they would recommend this activity to others. The median rating of the activity
was 8 on a scale of 1 to 10 (where 10 is best). We incorporated all participant recommendations into the final version of the
educational tool.

Conclusions: A tablet-based patient safety educational tool is acceptable and usable by individuals with CKD. Future studies
leveraging iterations of this educational tool will explore its impact on health outcomes in this high-risk population.

(JMIR Form Res 2020;4(5):e16137)   doi:10.2196/16137
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Introduction

Chronic kidney disease (CKD) is characterized by progressive
loss of kidney function and increases the risk of adverse patient
safety events [1]. As kidney function declines, renal clearance
is reduced, which can result in elevated and potentially
hazardous circulating levels of medications. For example,
individuals with CKD and concomitant diabetes who are on
antidiabetic medications are at heightened risk of developing
hypoglycemia due to the delayed renal clearance of these
therapies [2]. Furthermore, as CKD progresses, susceptibility
to hemodynamic changes or nephrotoxins such as nonsteroidal
anti-inflammatory drugs (NSAIDs) is amplified, significantly
increasing the risk of acute kidney injury (AKI) development
and accelerated renal function decline [3,4].

Despite these well-established risks, patient awareness of CKD
and of its potential safety hazards remains low, which limits
the effectiveness of current CKD treatment strategies [5,6]. A
high prevalence of limited health literacy among individuals
with CKD [7] and poor patient-provider communication about
CKD and its risk factors all contribute to low awareness and
ineffective patient self-management among individuals with
kidney disease [8]. Consequently, behaviors linked with CKD
risk and progression, such as NSAID use, are commonly
reported by individuals at high risk of adverse outcomes [9];
however, few interventions have been developed to address
these challenges and attenuate risks.

We hypothesized that educational tools tailored to audiences
with low health literacy can increase disease awareness and
improve self-management among individuals with kidney
disease. Therefore, we sought to develop a digital educational
tool to promote patient awareness of relevant patient safety
issues in CKD. Here, we describe the development of this
educational tool; our experience usability testing its digital
platform among the target patient population; and the results of
our assessment of the users’ experience with the educational
tool.

Methods

Educational Tool Development
This tablet-based educational tool was developed to support
patient awareness of important disease-specific patient safety
topics relevant for individuals with CKD. The tool was designed

to evaluate participants’ awareness of common safety risks
associated with reduced kidney function and to provide
education regarding optimal patient-centered behavior to
minimize risk. Materials were designed for low health literacy
audiences, as it is estimated that the health literacy of
approximately 25% of the general CKD population is inadequate
[10]. The educational content was developed using Adult
Learning Theory and plain language principles [11]. The
andragogy theory of adult learning by Malcolm Knowles (Adult
Learning Theory) postulates that adult learning is motivated by
6 principles: (1) the need to know, or “why” a person should
learn; (2) a foundation or experience that provides the basis for
learning activities; (3) a self-concept, or the idea that adults
need to be responsible for and take charge of their learning; (4)
readiness to learn stemming from perceived relevance of the
knowledge to be gained; (5) orientation, or the concept that
adults learn best with task-oriented learning that exercises their
problem-solving ability; and (6) internal motivation [11]. The
educational content of the tool draws on this framework to
promote CKD awareness and self-management.

The educational objectives of the tool were based on patient
safety topics relevant to individuals with reduced renal function
based on prior work examining adverse safety events in CKD
[1,12-14]. Educational content was created using previously
derived educational materials addressing patient safety in CKD
[15]; this content was reviewed and refined by adult educational
curriculum experts using a rubric based on Adult Learning
Theory [16]. The educational material encompassed four patient
safety objectives pertaining to CKD: (1) avoidance of NSAIDs
[17,18], (2) hypoglycemia awareness (among individuals with
diabetes) [19], (3) temporary cessation of certain medications
during acute volume depletion (ie, “sick day protocol”)
[5,20,21], and (4) iodinated contrast risk awareness [22-24]
(Table 1).

The developed teaching strategies optimized human-computer
interaction and content retention. The hypothetical experiences
of 2 diverse patients (Mr. Smith and Mrs. Johnson), with
Hispanic and African American backgrounds, respectively, were
used to provide clinical context (Figure 1). Simple animations
accompanied the audio presentations in real time and
emphasized key concepts [11,25]. Visual images and audio were
chosen in consideration of information clarity, participant
involvement, and captions to meet participant comprehension
needs [26,27] (see Multimedia Appendices 1 and 2).
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Table 1. Patient safety objectives, aims, instructional content, teaching strategies, and assessment methods of the developed tool.

Assessment methodsTeaching strategiesInstructional contentPatient safety objective and aim

NSAIDsa

Clinical scenario of a second hypo-
thetical patient experiencing pain,
interactive questions that use pho-
tographs of common brands of pain
medications and ask the learner to
distinguish between safe and unsafe
pain medications

Auditory explanations with compli-
mentary graphics that include pho-
tographs of common brands of pain
medication and their safety for CKD,
linked with a clinical scenario and
questions regarding a hypothetical
patient experiencing pain

Description of common pain
medications available over the
counter, their common
names/brands, and their safety
for use by individuals with CKD

To distinguish safe pain medica-

tions for individuals with CKDb

from unsafe ones

“Sick day protocol”

Clinical scenario of a second hypo-
thetical patient with volume deple-
tion and interactive questions that
ask the learner to choose which
medications should be withheld
during a “sick day”

Auditory explanations with compli-
mentary graphics that include pho-
tographs of medications to be with-
held during volume depletion, linked
with a clinical scenario and questions
regarding a hypothetical patient expe-
riencing volume depletion

Description of common scenarios
linked with volume depletion
(eg, diarrhea, vomiting, fever);
list of different medications that
can harm the kidneys if taken
during volume depletion (eg, di-

uretics and ACEc inhibitors)

To be aware of the symptoms of
volume depletion and the poten-
tial danger associated with taking
certain medications during vol-
ume depletion

Hypoglycemia

Clinical scenario of a second hypo-
thetical patient with hypoglycemia
and interactive questions that ask
the learner to choose medications
that could lead to hypoglycemia and
steps that should be taken if the pa-
tient suspects they have hypo-
glycemia

Auditory explanations with compli-
mentary graphics that include pho-
tographs of a glucometer with a low
blood sugar reading, linked with a
clinical scenario and questions regard-
ing a hypothetical patient experienc-
ing signs and symptoms of hypo-
glycemia

Description of the link between
CKD and diabetes, how diabetic
therapies can lead to hypo-
glycemia, and common symp-
toms of hypoglycemia

To understand the concept of
hypoglycemia and the elevated
risk of hypoglycemia in individu-
als with CKD

Contrast dyes

Clinical scenario of a second hypo-
thetical patient undergoing a medi-
cal test and interactive questions that
ask the learner to distinguish be-
tween safe and unsafe medical tests
for individuals with CKD

Auditory explanations with compli-
mentary graphics that include descrip-
tions of common medical tests, linked
with a clinical scenario and questions
regarding a hypothetical patient under-
going a medical test

Description of common medical
tests that use contrast dyes and
emphasis on the importance of
informing health care providers
about their CKD

To understand how medical tests
that use contrast dyes can further
harm already weak kidneys

aNSAIDs: nonsteroidal anti-inflammatory drugs.
bCKD: chronic kidney disease.
cACE: angiotensin-converting enzyme.

Figure 1. Example of an educational tool vignette.
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Usability Testing
We recruited 12 patients receiving care from outpatient CKD
clinics at Duke University Hospital in fall 2016 and again in
early 2018. Individuals who were non–English-speaking,
illiterate, physically unable to use a tablet (ie, individuals with
limb amputation, debilitating arthritis, or legal blindness), on
dialysis, or under the age of 18 years were excluded. If
interested, patients were taken to a private room, where written
consent was obtained and testing was initiated. The study was
approved by the Institutional Review Board of Duke University.
All participants were compensated for their time.

Testing Protocol
The usability testing was based on the performance of the users
and their ability to answer questions and navigate the educational
tool on a tablet device. Participants were given a pair of
headphones connected to an Android tablet (Samsung Galaxy
Tab A, model SM-T550). Once seated comfortably, participants
were asked to complete a series of tasks designed to evaluate
their ability to interact with the technical aspect of the safety
tool (Multimedia Appendix 3). All participants were asked to
complete a minimum of 52 tasks and a maximum of 67 tasks
based on their diabetes status. The study facilitator remained in
the room with the participant and monitored the ease or
difficulty with which tasks were completed as well as participant
commentary about the activity. Task completions were
categorized as no error, noncritical error, or critical error. If the
participant had no difficulty completing the task independently,
the task was marked as no error (easily completed). A noncritical
error was defined as a task that was completed with an
alternative strategy. For example, if a participant chose a wrong
answer but made the correction before selecting “check my
answers,” the error was categorized as noncritical. A critical
error was defined as a task that could not be completed
independently by the participant without assistance from study
personnel. After completing the tool, participants were asked
to evaluate their user experience with the tool.

Statistical Analysis
No formal hypothesis testing was performed in this analysis
due to the qualitative study methods of usability testing.
Participants’ demographic characteristics and their typical use
of the internet and mobile devices were described using counts

and percentages. Participant satisfaction using the educational
tool and the tablet was recorded. Critical and noncritical errors
were evaluated for each subject along with the time to complete
each exercise. Errors and completion times were analyzed to
recognize any significant differences between participants who
regularly use the internet and mobile apps and participants who
do not.

Results

Usability Testing
Twelve participants took part in the usability testing of the
patient safety educational tool. The majority of participants
were aged 45 years and older (11/12, 92%) and were female
(7/12, 58%) (Table 2). The races of the participants were diverse.
All participants had at least completed high school and owned
a mobile device that they used daily. Half the population owned
a tablet they used for internet and mobile apps. Most participants
used mobile apps (9/12, 75%) and the internet (8/12, 67%).

Figure 2 illustrates user performance by displaying the numbers
of critical errors, noncritical errors, and easily completed tasks
out of the total assigned tasks. Out of 725 tasks, 15 critical errors
(2.1%), 31 noncritical errors (4.3%), and 679 easily completed
tasks (93.7%) were recorded. Of the 12 participants, 10 (83%)
easily completed at least 90% of their tasks. The median time
to complete all tasks was 19 minutes (SD 3.4 minutes, range
11-26 minutes). The median time for internet users to complete
all tasks was 18 minutes (range 11-21 minutes); in contrast,
participants who did not use the internet completed all tasks
with a median time of 21 minutes (range 20-26 minutes). There
was 1 outlier who completed all tasks in 11 minutes. The
participants who used the internet had fewer errors than those
who did not: 4/725 errors versus 42/725 (0.55% versus 5.8%,
respectively). The 3 participants who did not use the internet
or mobile apps were all aged 65 years or older. Five participants
completed the testing without any errors, and 2 others completed
it with only 1 error. Participants 4 and 8 had the most difficulty,
with 7 and 30 errors, respectively. Both of these participants
were over the age of 65, did not own a tablet, did not use the
internet, and did not use mobile apps. All subjects completed
more than 50% of the exercises without any errors, and 11/12
subjects (92%) completed more than 90% of the tasks without
critical errors.
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Table 2. Usability study participant demographics (N=12).

n (%)Characteristic

Age (years)

1 (8)<45

4 (33)45-64

7 (58)≥65

Gender

5 (42)Male

7 (58)Female

Race

6 (50)Black/non-Hispanic

5 (42)White/non-Hispanic

1 (8)Hispanic

Education

3 (25)High school (grades 9-12) or GEDa

4 (33)Some college but did not graduate

1 (8)College

4 (33)Graduate or professional school

Mobile devices used

12 (100)Cell phone

6 (50)Tablet

Frequency of mobile device use

12 (100)Daily

Type of mobile device use

9 (75)Apps

8 (67)Internet

aGED: General Educational Development
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Figure 2. Usability testing results by participant.

User Experience Survey
The Likert scale used to evaluate user satisfaction using the
tablet application is shown in Table 3. Participants were asked
questions about their experience using the app and provided a
ranking for the activity from 0-2 or 0-4, with lower numbers
indicating higher satisfaction. The median and range for the
ranking of the tool were used to determine the results. The
median ranking for the overall activity was 0 (range 0-4), which
describes the activity as “very easy.” Participants found the
tablet to be very easy to use based on the median ranking of 0
(range 0-4). The length of time to complete the activity had a
median ranking of 1 (range 0-2), indicating that the length was
“just right.” The subjects ranked the patient story examples and
audio as 1 (range 0-4), stating they agree that these aspects of
the app helped them to understand the information. When
participants were asked if they would recommend the activity

to others, the median ranking was 1 (range 0-4), indicating that
the participants agree they would recommend the app to others.
Lastly, the participants were asked how they would rate the
activity on a scale of 1-10 (10 being the best); they provided a
median rating of 8 (range 0-10).

After completion of the activity, participants were given the
opportunity to provide feedback and comments about the tool,
such as what changes they would make, what they liked or did
not like, and their overall thoughts about the exercise. Most
comments reiterated the helpfulness and quality of the material
learned using the app. Other comments suggested ways to
improve the tool by stating that the exercise should be faster to
navigate, while others expressed the need to simplify some
medication names. The majority of participants found the
educational tool to be a worthwhile experience that helped them
learn about adverse safety events (Multimedia Appendix 4).
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Table 3. Survey indicating user satisfaction with the patient safety tool.

Response, median (range)Question

0 (0-4)Overall, this activity was…a

0 (0-4)The mobile tablet was…a

1 (0-2)The length of time it took to complete the activity was…b

1 (0-4)Using stories about patients helped me to understand the information.c

1 (0-4)The use of audio helped me to understand the information.c

1 (0-4)I would recommend this activity to others.c

8 (0-10)How would you rate this activity?d

aPossible responses: 0=Very easy, 1=Somewhat easy, 2=Neither easy nor difficult, 3=Somewhat difficult, 4=Very difficult.
bPossible responses: 0=Too long, 1=Just right, 2=Too short.
cPossible responses: 0=Strongly agree, 1=Agree, 2=Neutral, 3=Disagree, 4=Strongly disagree.
dPossible responses: 1-10, where 1 is the worst and 10 is the best.

Discussion

The CKD educational tool was designed to help audiences with
low health literacy learn about potential safety hazards
associated with kidney disease through an interactive and
simple-to-use digital interface. Our findings demonstrate that
the majority of participants found the digital tool to be helpful
and easy to navigate and would recommend it to others. Most
participants were proficient in using the tablet without
significant guidance and without errors; those with critical errors
were older than 65 years and less familiar with digital
technologies in general but still predominantly completed the
programming without difficulty. The participants’ ability to
complete the tasks did not appear to be related to their degrees
of education, which supports our intent to provide an educational
tool for populations with low health literacy regardless of
educational background. Although some participants did not
regularly use the internet or mobile apps, the task completion
times in this group did not greatly differ from those of regular
internet users. Together, these findings suggest that further
testing to evaluate the impact of the CKD educational tool on
outcomes is warranted.

CKD places individuals at high risk for developing adverse
safety events, and effective tools that attenuate this heightened
risk are needed. The principal feature of CKD that can influence
patient risk is the reduced level of renal function or glomerular
filtration rate (GFR), which is typical of the condition. A low
GFR affects the clearance of many drugs, confounds therapeutic
interventions, and increases susceptibility to acute kidney injury
[28]. Moreover, CKD is frequently associated with several
comorbidities, such as diabetes and cardiovascular disease [28].
The clustering of these health conditions leads to increased
inpatient and outpatient medical encounters, with potential
consequences of polypharmacy and high self-management
burden. Compounded by low patient awareness of kidney
disease [29] and poor knowledge of contributory health
behaviors [5,30], potential adverse outcomes in CKD are
abundant.

Our previous work demonstrated high acceptance of digital
tools and general ease of use among individuals with CKD,
supporting mobile health (mHealth) as a feasible mechanism
through which patient-centered programming can be delivered
to CKD populations [31-33]. Other studies using mHealth tools
in non-CKD populations have demonstrated similar results for
provision of tailored educational programming across an array
of health conditions, such as obesity, asthma, and diabetes
[34-37]. For individuals with CKD, responsiveness to the high
degree of limited health literacy in the CKD population [10,38]
is fundamental to the development of any educational
curriculum, and use of audio and visual support can address
differences in learning styles. We developed our app using plain
language principles to address this need. Similarly, user
experience testing of such digital tools in the CKD population
can unearth interface difficulties by users and inform
refinements to optimize user understanding and retention. The
importance of such assessment is evidenced by one recent study
that systematically evaluated all available and updated
patient-facing CKD mobile apps. Of the 174 unique applications
found, only 38 were related to kidney disease, were
patient-facing, and had been updated in the previous 4 years.
The quality of app content widely varied, and the authors found
high levels of discordance between patient and provider app
reviewers regarding value and usability [39]. These findings
highlight the need for digital health content that is developed
with a patient-centric approach and tested for ease of use in the
target population prior to implementation in clinical care and
broad dissemination. Similar content should also be made
available through alternative platforms, such as on paper or via
a website, to address differences in digital readiness and access.

Empowering patients with proper information and education in
a manner they can comprehend can improve self-efficacy and
self-management and, in turn, improve health outcomes [40].
The patient-actionable tool we developed emphasizes the
importance of a patient-centered approach to educating CKD
patients about self-care at home. Further, developing digital
tools for patient education can bridge the digital gap between
younger and older generations. When provided with online tools
to manage chronic illnesses, older individuals access the digital
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content more frequently and sustain its use over longer periods
than their younger counterparts [41]. This engagement by older
populations is particularly relevant in CKD, as its onset typically
occurs later in life. Digital tools can also narrow disparities in
accessibility between rural and urban CKD populations,
especially with the widespread availability of smartphones and
the mobile web as well as the increasing use of telehealth
applications for clinical care [42,43]. However, in kidney
disease, few tools have been appropriately developed for use
in a low health literacy population or have undergone formal
usability testing. Fewer still tools are available outside of the
research setting, which creates opportunities for such tools to
be integrated into clinical care and evaluated in pragmatic
studies [44,45].

Our study has limitations that are worthy of mention. Although
our sample size is within the recommended range of 5-7
participants for usability testing [46,47], our sample size is
small, and we recognize that this limits the inferences was can
draw from our findings. Further, our participants were recruited
from the Duke University Hospital nephrology clinics and may

not be representative of the general CKD population, particularly
given that only half our study participants were elderly. We also
restricted our usability testing to individuals with CKD, which
may not be generalizable to individuals with other kidney-related
(eg, acute kidney injury) or non–kidney-related conditions.
Finally, the specific patient safety conditions included in our
educational curriculum may not be comprehensive, although
they do represent many common patient safety events reported
and detected in patients with kidney disease [1,48].

In summary, usability testing of a patient-centered digital tool
to promote safety among patients with CKD demonstrated
general ease of use and acceptability. The impact of the
intervention on mitigation of safety events in a CKD population
has yet to be determined. However, the information derived
from this study strengthens the growing consensus that tailored
digital tools can be used effectively by high risk populations,
including older persons and persons with low health literacy.
Future studies are needed to evaluate the benefit of such tools
in clinical care.
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Abbreviations
AKI: acute kidney injury
CKD: chronic kidney disease
mHealth: mobile health
NSAIDs: nonsteroidal anti-inflammatory drugs
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Abstract

Background: Mobile interventions hold promise as an intervention modality to engage children in improving diabetes
self-management education, attitudes, and behaviors.

Objective: This pilot study aimed to explore the usability, acceptability, and feasibility of delivering a mobile diabetes educational
tool to parent-child pairs in a clinical setting.

Methods: This mixed methods pilot study comprised two concurrent phases with differing study participants. Phase 1 used user
testing interviews to collect qualitative data on the usability and acceptability of the tool. Phase 2 used a single-arm pre- and
poststudy design to quantitatively evaluate the feasibility and preliminary efficacy of the intervention. Study participants
(English-speaking families with youth aged 5-14 years with insulin-dependent diabetes) were recruited from an urban hospital
in Massachusetts, United States. In phase 1, parent-child pairs were invited to complete the intervention together and participate
in 90-min user testing interviews assessing the tool’s usability and acceptability. Interview transcripts were analyzed using a
directed content analysis approach. In phase 2, parent-child pairs were invited to complete the intervention together in the clinical
setting. Measures included parental and child knowledge, attitudes, and behaviors related to diabetes management (self-report
surveys) and child hemoglobin A1c levels (medical record extractions); data were collected at baseline and 1-month follow-up.
Pre- and postoutcomes were compared using paired t tests and the Fisher exact test.

Results: A total of 11 parent-child pairs (N=22) participated in phase 1 of the study, and 10 parent-child pairs (N=20) participated
in phase 2 of the study. Participants viewed the mobile educational tool as acceptable (high engagement and satisfaction with the
layout, activities, and videos) and identified the areas of improvement for tool usability (duration, directions, and animation).

Conclusions: The findings from this pilot study suggest that the mobile educational tool is an informative, engaging, and feasible
way to deliver diabetes self-management education to parents and children in an urban hospital setting. Data will inform future
iterations of this mobile diabetes educational intervention to improve usability and test intervention efficacy.

(JMIR Form Res 2020;4(5):e16262)   doi:10.2196/16262
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Introduction

Background
Type 1 diabetes (T1D) and type 2 diabetes (T2D) are among
the most common chronic illnesses in children. Rates of T2D
are disproportionately higher among American Indian, Hispanic,
and black youth compared with white youth in the United States
[1]. Pediatric diabetes adversely affects quality of life,
productivity, and life expectancy and contributes to enormous
health care costs, particularly given its increasing prevalence
[2-5]. Earlier onset of diabetes also increases the risk and
severity of diabetes-related complications [6,7]. Developing
strategies to help youth and parents succeed in diabetes
self-management is needed to promote positive health outcomes.

Extensive education is required to equip youth and families
with the knowledge and skills needed to manage diabetes.
Current diabetes management educational tools provided to
families in the clinical setting are inadequate and text heavy,
with parents often reporting that the educational process is
overwhelming and lacks a patient-centered approach [8-10].
Furthermore, current diabetes self-management educational
materials are not child centered (developed based on the needs
and interests of children). As children transition into
adolescence, the responsibility for diabetes management shifts
from parents to the children [11]. Educational materials designed
specifically for children, particularly those in preadolescence
and early adolescence, are needed to facilitate the transition
from parent-initiated diabetes management to self-management.
To ease this transition, educational materials need to (1) engage
youth and (2) facilitate positive, productive communication
between parents and youth [12].

A growing number of studies have used mobile health to target
diabetes self-management among adolescents [10,13-17]. The
findings from such studies indicate the potential for mobile
health interventions to enhance diabetes education, motivate
behavior change, and have widespread dissemination. However,
prior studies on mobile diabetes self-management interventions
have focused primarily on adolescents (aged 12 to 19 years)
[15-17]. The extent to which mobile diabetes self-management
tools may be applicable for younger children and facilitate
productive parent-child communication has not been extensively
explored. In-depth research with parents’ and children’s
perceptions and experiences with a child-centered, mobile

diabetes educational intervention can inform the development
and improvement of such tools.

Objectives
This pilot study aimed to (1) gather qualitative data on the
usability and acceptability of the Mobile Diabetes Educator
(MDE) prototype through user testing interviews with
parent-child pairs (phase 1) and (2) assess the feasibility and
preliminary efficacy of delivering the MDE in a clinical setting
among parent-child pairs through a single-arm pre- and posttrial
(phase 2). Phases were run concurrently with differing study
participants using a mixed methods approach to achieve study
aims. We hypothesized that trends in improvements in diabetes
knowledge, attitudes, and self-management behaviors at 4- to
6-week follow-up would be observed.

Methods

Mobile Diabetes Educator Intervention Prototype
In collaboration with children’s educational media consultants,
the study team developed a prototype of the MDE [18]. This
mobile educational program (interactive electronic book) was
designed for school-aged youth and intended to be navigated
by parents and children together to facilitate communication.
The MDE prototype consists of eight animated, interactive
modules that feature an ethnically ambiguous preadolescent
character named Kara who has T1D (Figures 1 and 2). Topics
covered include diabetes etiology, managing glucose levels,
and diet and exercise recommendations. Multimedia strategies
(eg, images and videos) were used for information delivery as
they play a crucial role in learning. Images serve to improve
perception, understanding, and memory and to encourage
engagement by the user [19,20]. Using visuals is also an
important mode of risk communication because the visual cortex
of the brain becomes activated during high-stress situations
[21,22].

The tool can be accessed through any mobile or computer device
with internet access, although it was specifically designed for
touchscreen navigation on a tablet. The interactive modules
were designed to be completed in segments, self-directed at the
patient’s own pace, to replace text-based educational materials
in the clinical setting after an initial diabetes diagnosis. For the
purposes of this study, the modules were completed in one
sitting (approximately 45-60 min).
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Figure 1. A page in the Mobile Diabetes Educator (MDE) that features interactive learning. This activity asks the patient to drag various steps needed
for blood glucose monitoring into the correct order and check their results.

Figure 2. A page in the Mobile Diabetes Educator (MDE) that presents symptoms of hyperglycemia.

Study Participants and Setting
In both phases of the study, child participants and their parents
or caregivers were recruited through the Pediatric Diabetes and
Endocrinology Section at Boston Medical Center (BMC), a
safety net urban hospital in Massachusetts, United States. A
wide age range (elementary school–aged and middle
school–aged youth) of child participants was used to examine
the extent to which the tool was acceptable, engaging, and
relevant across different age ranges. Eligibility criteria for child
participants included (1) being aged 5 to 14 years, (2) being
diagnosed by a clinician as insulin dependent (T1D or T2D),
(3) currently receiving diabetes care at BMC, (4) parent consent

to participate, and (5) being able to read and converse in English.
Eligibility criteria for parent participants included (1) being
aged 18 years or older and (2) being able to read and converse
in English. All study procedures took place in the BMC clinical
setting.

Phase 1: User Testing Interviews and Measures
Phase 1 consisted of collecting qualitative data to assess usability
and acceptability through user testing observations and
interviews, an appropriate method given the low literacy level
of our target population and the cognitive developmental stage
of some of our child participants (eg, children aged 5-7 years
may not understand how to answer standardized measures of
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usability, whereas study team observations and open-ended
questions may generate more insights). User testing lasted
approximately 90 min and consisted of an observational
component and a semistructured interview. The study team
provided participants with a tablet with the intervention
preloaded and asked participants to use the tool and explain
their thinking out loud as they navigated the tool. Study staff
silently observed how participants navigated the tool and noted
areas for improvement in usability (ease of navigation and
problems encountered, time taken to complete the tool, and
identification of the primary user [parent, child, or equal use
between parents and children]) and acceptability (frequency,
content, and tone of parent-child communication for pair users
and level of participant engagement). Immediately after
completing the tool, study staff conducted semistructured
interviews and asked participants to evaluate the tool in terms
of additional acceptability measures (clarity of content,
acceptability of contexts [eg, characters and settings], perceived
purpose of the tool, overall satisfaction, and areas for
improvement; see Multimedia Appendix 1).

Phase 1: Qualitative Analysis
Interviews were audio recorded, transcribed verbatim, and
thematically analyzed by study staff. The analysis used a
directed content analysis approach [23]. An initial codebook
was developed based on the interview guide. Following
transcript coding by study staff, codes were revised to
incorporate additional themes as needed. Thus, both a priori
and de novo themes were identified and given an operational
definition. Coders also identified quotes that represented each
theme.

Phase 2: Feasibility Trial and Measures
Phase 2 consisted of collecting quantitative data to assess
preliminary efficacy using self-reported surveys and medical
record information. Parent and child participants completed a
baseline assessment immediately before participating in a 1-hour
intervention session and a postassessment 4 to 6 weeks later
(all completed in the clinical setting). For the intervention
session, parent-child pairs were provided with a tablet and asked
to complete the intervention (self-administered) together. The
following four measures on diabetes: knowledge, self-efficacy,
self-management, and communication were each completed
separately by both child and parent participants using self-report,
self-administered surveys. Diabetes knowledge was assessed
using 25 multiple-choice items from the Revised Brief Diabetes
Knowledge Test [24], with the percentage of correctly answered
items calculated. Sample diabetes knowledge topics covered
included nutrition, glucose testing, glucose reactions, and
insulin. Sample questions included (1) A low blood glucose
reaction may be caused by too much insulin, too little insulin,
too much food, or too little exercise and (2) Which of the

following is highest in carbohydrates? Baked chicken, swiss
cheese, baked potato, or peanut butter. Diabetes management
self-efficacy was measured using 19 items from the Diabetes
Self-Efficacy Scale [25], which asked respondents to rate their
confidence in their ability to manage diabetes (eg, glucose
self-monitoring, insulin injections, and meal planning) using a
5-point Likert scale, ranging from 1 (very sure I cannot) to 5
(very sure I can). Perceived readiness for diabetes
self-management was measured using two items from the
Readiness to Change the Balance of Responsibility Scale [26].
These items included “I feel ready to manage diabetes on my
own” and “I feel ready to take on some, but not all, of diabetes
management on my own,” which were assessed using a 5-point
Likert scale, ranging from 1 (very sure I cannot) to 5 (very sure
I can). The frequency of parent-child diabetes management
communication was assessed using three items from the
Self-Management of T1D in Adolescence subscale [27].
Participants were asked to report how often they talk to their
parents about diabetes, when they have questions about diabetes,
and when they have problems managing diabetes using a 4-point
frequency scale (always, sometimes, occasionally, and never).
Child sociodemographics included gender, age, race and
ethnicity, and type of insulin-dependent diabetes diagnosis (T1D
or T2D). Child hemoglobin A1c (HbA1c) levels were extracted
from child participants’ medical records by a trained patient
navigator. Parental sociodemographics included gender, age,
race and ethnicity, annual household income, highest level of
education completed, and occupational status (employed full
time, employed part time, or other).

Phase 2: Statistical Analysis
Distributions, descriptive statistics, and missing values were
examined for all measures. Changes in parent and child
outcomes from pre- and postassessments were analyzed using
paired t tests for continuous outcomes and the Fisher exact test
for categorical outcomes. Statistical analyses were conducted
using SAS version 9.4. The data were considered to be
statistically significant at an alpha value of .05.

Results

Sociodemographics
The phase 1 study sample consisted of 11 parent-child pairs
(N=22). Among child participants, the mean age was 10.3 (SD
2.2) years, and nearly two-thirds (7/11, 64%) of them were
female. Almost all (10/11, 91%) participants had T1D. Among
parents, the mean age was 39.5 (SD 11.0) years. The majority
of parent participants were female (10/11, 91%), had less than
a college degree (10/11, 91%), and had an annual household
income less than US $50,000 (9/11, 82%). See Table 1 for
additional sociodemographics on phase 1 participants.
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Table 1. Baseline characteristics of the parent-child pairs participating in phase 1 and phase 2 of the Mobile Diabetes Educator pilot study (2018-2019).

Phase 2 (N=10)Phase 1 (N=11)Baseline characteristics

Child

Gender, n (%)

5 (50)7 (64)Female

5 (50)4 (36)Male

10.8 (2.9)10.3 (2.2)Age (years), mean (SD)

Race, n (%)

1 (10)1 (9)White

5 (50)6 (55)Black

1 (10)1 (9)Hispanic or Latino

3 (30)3 (27)Other

Type of insulin-dependent diabetes, n (%)

9 (90)10 (91)Type 1

1 (10)1 (9)Type 2

Parent

Gender, n (%)

8 (80)10 (91)Female

2 (20)1 (9)Male

40.8 (11.2)39.5 (11.0)Age (years), mean (SD)

Race, n (%)

3 (30)2 (18)White

6 (60)8 (73)Black

1 (10)1 (9)Hispanic or Latino

0 (0)0 (0)Other

Annual household income, n (%)

5 (50)4 (36)Less than US $30,000

3 (30)5 (45)US $30,000-$49,999

2 (20)2 (18)Greater than or equal to US $50,000

Education, n (%)

6 (60)6 (55)Less than or equal to high school degree

3 (30)4 (36)Some college

1 (10)1 (9)Greater than or equal to college degree

Occupation, n (%)

4 (40)6 (55)Employed full time

2 (20)2 (18)Employed part time

4 (40)3 (27)Other (disabled, retired, unemployed, or homemaker)

The phase 2 study sample consisted of 10 parent-child pairs
(N=20). Among children, the mean age was 10.8 (SD 2.9) years,
and half (5/10, 50%) of them were female. Almost all (9/10,
90%) participants had T1D. Among parents, the mean age was
40.8 (SD 11.2) years. The majority of parent participants were
female (8/10, 80%), had less than a college degree (9/10, 90%),
and had an annual household income less than US $50,000

(8/10, 80%). See Table 1 for additional sociodemographics on
phase 2 participants.

Phase 1: User Testing Observations
Study staff’s observations of parent-child interactions during
user testing provided insight into the usability and acceptability
of the MDE tool (Table 2). The majority (6/11, 55%) of
parent-child pairs demonstrated shared use of the tool (ie, taking
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turns holding the tool, reading content, and completing
activities), although in some (4/11, 36%) instances, the child
was the primary user. Although most (9/11, 82%) users
encountered problems using the tool, the overall navigation of
the tool appeared either easy (5/11, 46%) or moderately easy
(4/11, 36%) according to study staff’s observations. Parental
and child engagement with the tool was distributed by

engagement level. Observers noted that 55% (6/11) of parents
and 36% (4/11) of children were highly engaged, whereas 27%
(3/11) of parents and 36% (4/11) of children demonstrated a
moderate level of engagement. Observers also noticed high
(5/11, 46%) and moderate (3/11, 27%) parent-child
communication during user testing.

Table 2. User testing observations of 11 parent-child pairs participating in phase 1 of the Mobile Diabetes Educator pilot study (2018-2019).

Values, n (%)Staff-rated observations

Ease of navigation

5 (45)Easy

4 (36)Moderate

2 (18)Difficult

User problems encountered

9 (82)Yes

2 (18)No

Primary user

1 (9)Parent

4 (36)Child

6 (55)Equal use

Parent engagement

6 (55)High

3 (27)Moderate

2 (18)Low

Child engagement

4 (36)High

4 (36)Moderate

3 (27)Low

Parent-child communication

5 (45)High

3 (27)Moderate

3 (27)Low

Phase 1: User Testing Interviews
Thematic analysis of semistructured interviews with parent-child
pairs further explored the usability and acceptability of the MDE
tool. In total, seven themes were identified and coded based on

the semistructured interview guide: usability, comprehension,
high engagement, low engagement, purpose, satisfaction, and
suggestions for improvement. These themes, alongside
illustrative quotes, are summarized in Table 3 and discussed
below.
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Table 3. Illustrative quotes by theme from user testing interviews with 11 parent-child pairs participating in phase 1 of the Mobile Diabetes Educator
pilot study (2018-2019).

Illustrative quotesTheme

Usability

“I think certain areas were just a little confusing so you couldn’t really tell whether or not you’re supposed to tap
on it or are you just supposed to go to the next screen.”

Somewhat user friendly

Comprehension

“It got to the point. It explained the situations and what to look for in the situations. It explained it a lot. A kid would
understand it.”

High comprehension

High engagement

“I liked that it alternated with videos and then text.”Layout

“I think they are helpful in the sense that they kind of test your knowledge and help you to get a better understanding
of it.”

Activities

“My favorite part was basically explaining why people have diabetes.”Chapters

“I liked the animated videos. I think that keeps you going. Looking at the lady sitting there just talking [whereas]
looking at the animation, they’re doing things so it makes you want to look at it more.”

Videos

Low engagement

“Some of them were confusing and some of them were boring. And then some of them were just ‘meh.’”Activities

“Too many chapters.”Chapters

“I just thought it was weird they had no arms and legs.”Characters

Purpose

“To educate kids about diabetes in a fun way. To let them know it’s ok to have diabetes. This stuff happens in normal
life, it happens in school. It tells them what to do also, but in a fun way.”

Health education

“Learning about it and how to maintain it, and keep yourself healthy.”Health management

“To tell us that it is not easy to take care of [diabetes] but you have to try your best and eat more healthy food so
you won’t get sick.”

Motivation for diabetes
self-management

Satisfaction

“I say 7 [out of 10] because like I said from earlier, just those little kinks that need to be worked out. But outside of
that, I think it’s a really good tool to educate and inform others about diabetes, especially for a child that is new to
it and kind of clueless and going through it. So, it’s a good way to help them to understand it on their level.”

Moderate satisfaction

Suggestions for improvement

“A little more instruction at the top of the screen on what’s expected on that particular screen, that slide.”Usability

“I would only suggest doing the content a little bit more on the kids’ level–especially for younger kids–so they could
really grasp the content just a little bit more. [For example], with the video with the nutrition, just doing all the way
around on an animated level for kids if they’re going to be the ones engaging on the iPad. But if it’s more like older
kids or adults, then yeah keep it the way it is.”

Comprehension

“A little more videos and quizzes.”Layout

“I think they should have added more about the carbs. They should have at least given more clarification on how
you would...how much insulin and how many carbs...they should have put that together more.”

Chapters

“Drawing. Maybe have the kids draw their idea of the pancreas and all that stuff.”Activities

“I think she should sound more like a kid. I think all of them should.”Characters

“More settings would be nice. Especially when we’re taking trips out and then to know what you need or how to do
things when you’re in a car. Stuff like that.”

Settings

Usability
Most participants described the tool as somewhat user friendly.
Any difficulty using the tool was attributed to two main reasons:
a lack of directions and malfunctioning activities. Given that
there is a mix of text, videos, and activities throughout the tool,
users felt unclear at times of what they were supposed to do on

any given slide (eg, whether it was an interactive slide or not
and what to press to engage in activity). Users also expressed
frustration with some activities that did not work (eg, press
button and nothing happens). However, in some cases, what
appeared to be a malfunction was just difficulty navigating the
activity because of a lack of directions (eg, unclear that the user
must select icons sequentially for an activity to work).
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Comprehension
Participants found the tool to be informative and thought the
material was easy to understand, signifying an appropriate
literacy level. Both parent and child users could demonstrate
that they learned diabetes-related information after completing
the tool. Notably, the visuals used throughout the tool (eg,
pictorial representation of symptoms) helped increase
comprehension of the information being conveyed.

High Engagement
As participants discussed parts of the tool they liked the most,
several subthemes emerged, including layout, chapters,
activities, and videos. The overall layout of the tool, which
included a mix of text, videos, and activities, provided both
passive and active learning opportunities for users, thereby
increasing their engagement with the tool (eg, was able to hold
children’s attention by giving them things to do). Participants
largely felt that the chapters covered all the basic topics. The
chapters on diabetes etiology and celebrities with diabetes were
particularly engaging for children, whereas the chapters that
demonstrated diabetes management and care (eg, insulin
injection) were of interest to parents. The activities were often
cited as the most engaging aspect of the tool and a positive way
to reinforce the knowledge learned. Participants also enjoyed
the videos, as they made the information easier to understand
(eg, animated cells and organs were helpful in understanding
diabetes etiology). Although participants liked the balance of
animated and nonanimated videos, some cited the animations
as slightly more engaging, especially for children.

Low Engagement
As participants discussed parts of the tool they found less
interesting, the following subthemes emerged: duration,
characters, and setting. The average time it took for users to
complete the tool was 56 min (SD 15), which many felt was
too long and contributed to a general feeling of boredom.
Although participants typically liked the main character and
her personality, they repeatedly expressed dissatisfaction with
the robotic voice and appearance (eg, missing arms and legs)
of the animated characters. Similarly, although the school-based
settings of the animated videos felt true to life, participants
would have liked to see more settings, particularly when children
are on the go (eg, in the car) or without their parents (eg,
birthday party and sleepover).

Purpose
Most participants thought the main purpose of the tool was to
provide health education (eg, target knowledge). Participants
described the target audience for this tool as newly diagnosed
patients or people who do not already know about diabetes.

Other main purpose subthemes that emerged included health
management (eg, target behaviors) and motivation for diabetes
self-management (eg, target attitudes).

Satisfaction
The majority of participants reported high satisfaction with the
tool. On a scale of 1 to 10, with 10 being the best, participants’
average rating was 8.7 (SD 1.5). High satisfaction was often
attributed to the fact that the tool was entertaining and provided
a great deal of information. Factors that lowered users’
satisfaction scores included the long duration and, thus,
boringness of the tool as well as the aforementioned usability
issues with some activities.

Suggestions for Improvement
Participants suggested several ways to improve the tool in
relation to the following subthemes: usability, comprehension,
layout, activities, characters, duration, and dissemination. To
improve the tool’s usability, clear directions should be included
on each slide, and malfunctioning activities should be fixed.
Comprehension could be enhanced by increasing the use of
child-friendly explanations of information (eg, pictures to
complement or replace words and more animation). Similarly,
participants thought more engaging, creative features, such as
videos and activities, should be added to enrich the overall
layout of the tool. Suggestions for new activities included a
word search, summary quiz, drawing, or having the user watch
a video on how to perform a behavior and then practice doing
so on a cartoon. According to participants, animated characters
should have a less robotic voice and more realistic appearance.
The use of superhero characters was also suggested. Finally,
participants agreed that the duration of the tool should be
shortened, yet they found it difficult to identify ways to do so
(eg, information that could be cut). However, disseminating the
MDE as an app was recommended to allow users to cover the
material at their own pace at home.

Phase 2: Outcomes
Participants spent an average of 59.2 (SD 5.4) min to complete
the intervention in one sitting. The retention rate for follow-up
assessments was 80% (8/10). No significant changes in child
participants’ diabetes self-management knowledge test scores,
self-efficacy, parental communication, or HbA1c levels were
observed at 4- to 6-week follow-up (Table 4). Among parent
participants, no significant changes were observed for the
diabetes knowledge, attitudes, and behavioral measures.
Although not statistically significant, we did find trends toward
increasing knowledge and decreasing self-efficacy for diabetes
management among both children and parents.

JMIR Form Res 2020 | vol. 4 | iss. 5 |e16262 | p.151https://formative.jmir.org/2020/5/e16262
(page number not for citation purposes)

Otis et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Table 4. Pre- and postchanges in knowledge, attitudes, and behaviors of 10 parent-child pairs participating in phase 2 of the Mobile Diabetes Educator
pilot study (2018-2019).

P valueaPosttest (N=8)Pretest (N=10)Outcome

Child

.0865.0 (9.5)51.6 (21.8)Diabetes Knowledge Test score (percentage correct)b, mean (SD)

.5155.3 (17.6)59.9 (11.6)Child self-efficacy in diabetes self-management scoreb, mean (SD)

.355 (63)6 (60)Children who report “always” talking with their parents when they have problems managing their

diabetesc, n (%)

.363 (38)2 (20)Children who report a score of 4 or a 5 for believing they can manage diabetes by themselves (high

confidence)c, n (%)

.719.9 (1.5)9.6 (1.6)Hemoglobin A1c levelsb, mean (SD)

Parent

.1270.8 (13.9)60.0 (14.9)Diabetes Knowledge Test score (percentage correct)b, mean (SD)

.2970.5 (22.1)78.5 (6.2)Parental self-efficacy in helping their child manage diabetes scoreb, mean (SD)

.504 (50)8 (80)Parents who report that their child “always” tells them when he or she is having problems managing

diabetesc, n (%)

.663 (38)4 (40)Parents who report a score of 4 or a 5 for believing that their child can manage diabetes on his or her

own (high confidence)c, n (%)

.053.6 (2.1)4.4 (2.0)Average number of times their child had a blood glucose checked in the last 24 hoursb, mean (SD)

aP values are from paired t tests for continuous measures, and P values are from the Fisher exact test for categorical measures.
bContinuous measure.
cCategorical measure.

Discussion

Principal Findings
This pilot study demonstrated that the MDE was an acceptable
and appropriate mobile health intervention for insulin-dependent
children and their parents in a clinical setting. Participants were
particularly satisfied with the overall layout of the tool (ie, mix
of text, videos, and activities) and the information conveyed.
The activities were often cited as the most engaging aspect of
the tool and a positive way to reinforce the knowledge learned.
Although the MDE was well received by participants, qualitative
data indicated a need for improvements to the usability of the
tool. Specifically, participants suggested adding directions to
each slide and fixing malfunctioning activities. Participants also
expressed a strong desire for a shorter duration.

Overall, no significant differences were observed between
baseline and follow-up assessments among child and parent
participants’ knowledge, attitudes, behaviors, and outcomes
related to diabetes self-management. Given that this was a small
feasibility study that was not powered to detect changes in
outcomes, null findings were expected. With respect to our
clinical outcome (child HbA1c levels), null findings may also
be because of the short follow-up period and the nature of the
intervention. There is mixed evidence of educational and
mobile-based interventions and their ability to affect HbA1c in
pediatric diabetes populations [8,10,28], especially during
adolescence when glycemic control typically worsens [29].
Although not statistically significant, slight decreases in parental

self-efficacy and the percentage of parents who perceived that
their child could manage diabetes on their own were observed.
One potential explanation for this finding is that the MDE
highlighted gaps of knowledge and understanding of how to
manage diabetes among parents, and the finding suggests that
such tools may be used to help identify and target the lack of
understanding or misperceptions of diabetes management among
children and parents. We also observed a notable, although
statistically insignificant, decrease in the percentage of parents
who reported that their child always tells them when they are
having problems managing diabetes. This trend could be the
result of parent-child communication facilitated by the MDE
about diabetes self-management that helped identify gaps in the
child’s ability to manage diabetes.

Lessons Learned
The findings from this mixed methods pilot study provide useful
insight into the usability and acceptability of the MDE. Key
recommendations regarding usability focused on directions and
malfunctioning activities, whereas recommendations to improve
acceptability focused on duration and animated characters. In
regard to intervention delivery, we learned that youth with
diabetes and their parents would also be interested in using this
tool outside of the clinical setting (eg, at home via app). These
lessons learned will be used to shape the next prototype of the
MDE. A responsive website design, ideal for the burgeoning
predominance of mobile Web browsing, could be included in
the next iterative developmental stage along with translation to
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Spanish to further extend the target of this diabetes intervention
tool to another high-risk underrepresented patient population.

Comparison With Prior Work
Prior research demonstrates that mobile health interventions
can be used to target knowledge, self-efficacy, and
self-management behavior among patients with diabetes [30-32].
Characteristics of prior mobile health interventions for diabetes
include access to educational information (eg, text pages,
videos, and Web-based simulation), health information storage
(eg, blood glucose readings and medication tracking), social
networking (eg, storyboard, blog, and discussion board), and
communication (eg, with health professionals, among parents
and children) [12,15,30,31,33]. One key feature of our tool was
the activities that engaged children in diabetes education (Figure
1).

Suggestions to improve mobile educational tools from our study
are consistent with research on educational mobile tools for the
self-management of other chronic diseases among youth. For
example, adolescents with asthma suggested that informative
videos covering asthma topics (eg, visual demonstration of
inhaler technique) and quizzes be included in an asthma
self-management app [34], two specific suggestions that were
also voiced by participants in our user testing interviews. To
date, mobile health intervention studies for patients with diabetes
have largely focused on adolescents [10,14-17,31,32]. Our pilot
study targeted a younger age range (5-14 years) as well as
parents to explore the feasibility and acceptability of a mobile
educational intervention among parent-child pairs. Additional
content may need to be tailored for this younger population,
such as school accommodations and communication, special
events (eg, parties and camp), strategies for injection, and

instructions about foods. Our sample also consisted of youth
from low-income and racial minority populations, who
experience disproportionately higher rates of T2D and
diabetes-related adverse events [35,36] and are inadequately
represented in diabetes intervention research. These sample
characteristics are significant, given that the data gathered from
this pilot study (eg, user testing feedback) will be used to further
develop the MDE prototype, better ensuring that the needs and
preferences of affected populations are reflected in the design
of interventions.

Strengths and Limitations
Strengths of this study include the in-depth qualitative methods
used to examine intervention usability, acceptability, and
feasibility and the recruitment of underserved study participants
from an urban hospital setting to inform intervention refinement
and study procedures for a larger trial. Limitations of this study
include the small sample size, the absence of a control group
for comparisons, a short follow-up period, and limited
generalizability. Although it was a strength that our sample
consisted of ethnically diverse, primarily low-income families,
this limited our ability to control for race and ethnicity and
income.

Conclusions
Given the ubiquity of mobile devices, a child-centered mobile
health intervention that engages children and parents has the
potential to enhance pediatric diabetes management. The
findings from this pilot study will be used to inform the next
iteration of the MDE tool so that the user testing feedback can
be incorporated and the intervention efficacy can be tested on
a larger scale.
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Abstract

Background: The seminal Dietary Approaches to Stopping Hypertension (DASH) study demonstrated the effectiveness of diet
to control hypertension; however, the effective implementation and dissemination of its principles have been limited.

Objective: This study aimed to determine the feasibility and effectiveness of a DASH mobile health intervention. We hypothesized
that combining Bluetooth-enabled data collection, social networks, and a human coach with a smartphone DASH app (DASH
Mobile) would be an effective medium for the delivery of the DASH program.

Methods: We conducted a single-arm pilot study from August 2015 through August 2016, using a pre-post evaluation design
to evaluate the feasibility and preliminary effectiveness of a smartphone version of DASH that incorporated a human health
coach. Participants were recruited both online and offline.

Results: A total of 17 patients participated in this study; they had a mean age of 59 years (SD 6) and 10 (60%) were women.
Participants were engaged with the app; in the 120 days of the study, the mean number of logged blood pressure measurements
was 63 (SD 46), the mean number of recorded weight measurements was 52 (SD 45), and participants recorded a mean of 55
step counts (SD 36). Coaching phone calls had a high completion rate (74/102, 73%). The mean number of servings documented
per patient for the dietary assessment was 709 (SD 541), and patients set a mean number of 5 (SD 2) goals. Mean systolic and
diastolic blood pressure, heart rate, weight, body mass index, and step count did not significantly change over time (P>.10 for
all parameters).

Conclusions: In this pilot study, we found that participants were engaged with an interactive mobile app that promoted healthy
behaviors to treat hypertension. We did not find a difference in the physiological outcomes, but were underpowered to identify
such changes.

(JMIR Form Res 2020;4(5):e13989)   doi:10.2196/13989
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Introduction

By 2030, hypertension is expected to affect 41.4% of American
adults [1]. However, blood pressure remains insufficiently
controlled in almost half of patient cases [2]. The enormous
burden of hypertension creates a need for effective interventions
with minimal patient burden to encourage successful behavior
change. The seminal Dietary Approaches to Stopping
Hypertension (DASH) study, published 20 years ago,
demonstrated effective control of hypertension through diet [3].
Since then, DASH has been implemented in clinical settings
with limited success, partly due to the original intervention
design that required substantial in-person participation [4].

DASH for Health, a web-based version of the program, was
developed in 2008 to combine the success of the DASH dietary
approach of controlling hypertension with evidence-based
lifestyle changes (eg, physical activity) and novel internet
delivery, thereby reducing the burden of DASH’s original
in-person design [5]. DASH for Health has been shown to be
effective in hypertension management for those who stay
engaged with the program for an extended period [5]; however,
web-based interventions are still affected by severe drops in
patient utilization after the initial weeks of intervention
participation [6]. Mobile versions of DASH have been developed
but relied on self-reporting for measures of blood pressure,
weight, and physical activity, which increase patient burden
and may not be accurate [7]. To overcome these limitations, we
developed DASH Mobile, a mobile platform that leveraged
smartphone technology with Bluetooth-enabled devices, along
with human coaching, to facilitate behavior changes.

The widespread use of smartphones among all sociodemographic
groups presents a disruptive opportunity to deliver a more
accessible version of DASH while increasing patient adherence
to the program [8]. By automatically collecting data outside of
the clinic and delivering real-time, personalized messaging to
each user, smartphone technology minimizes patient burden
while creating a positive feedback loop for behavior change.

Our strategy was to adapt DASH to a smartphone-based platform
(DASH Mobile) that leveraged automatic data collection with
behavior change support from a human coach to replicate the
success of DASH in a less burdensome digital context. The
purpose of this study was to evaluate the feasibility and potential
clinical effectiveness of DASH Mobile, including its effects on
engagement (use and acceptability), physiological (blood
pressure), and behavioral (diet and physical activity) outcomes.

Methods

Study Design
This was a single-arm pilot study conducted from August 2015
through August 2016 with a pre-post evaluation design to
evaluate the feasibility and preliminary effectiveness of a
smartphone version of DASH that incorporated health coaching.
This study was approved by the Boston University Medical
Campus Institutional Review Board.

Recruitment and Participants
Participants were recruited from the greater Boston area via
recruitment materials in the local paper and research registry,
using an opt-in paradigm. In addition, emails with information
about the study were sent to those deemed eligible from Boston
University’s research volunteer registry. Participants were
eligible if they were aged 18-65 years, owned an iOS or Android
smartphone with a data plan, were English speaking, were
currently taking hypertension medication, or had a diagnosis of
prehypertension or Stage 1 hypertension, and were able to give
informed consent. Prehypertension was defined as a systolic
blood pressure of 120-139 mm Hg, and Stage 1 hypertension
was defined as a systolic blood pressure of 150-160 mm Hg for
adults aged ≥60 years, 140-160 mm Hg for patients with diabetes
or chronic kidney disease, or 140-160 mm Hg for all others.

Participants were excluded if they were pregnant or nursing,
held a terminal diagnosis, had a diagnosis of secondary
hypertension, were unable to easily navigate apps on their
smartphone; their baseline blood pressure was in the normal
range without blood pressure medication; or they had any
contraindications to physical activity. We also excluded patients
with medical conditions including dementia, active cancer, or
anorexia.

A research assistant obtained informed consent, including
HIPPA authorization, from interested participants. The mobile
app was then loaded onto the participant’s smartphone, and
behavior-tracking devices (pedometer, scale, blood pressure
cuff) were synced.

Intervention
We have previously described the development of DASH
Mobile [9]. The intervention consisted of a smartphone app to
track diet, blood pressure, weight, and physical activity daily,
combined with a human coach. During the introductory training
session with the DASH health coach, participants were taught
how to use the app. The home screen of the app defaults to the
current day, where participants self-tracked their diet using a
novel, simplified data entry tool based on the DASH
portions-based approach to dietary intake (Figure 1). At the
bottom of the screen, participants could navigate to any of
several tabs: Progress, where they could view all tracked
behavior, including diet, blood pressure, weight, and steps;
Goal, where editable active and achieved goals were listed
(Figure 2); Chat, where participants could communicate with
their coach (Figure 3); and Education, which linked to
DASH-related resources.

Participants were instructed to track other data several times a
day via the wireless devices provided. Bluetooth-enabled
wireless sensors (iHealth Labs) from these devices transmitted
data for blood pressure, weight, and physical activity to the app.
Syncing of data occurred manually when the app was opened;
data were uploaded to a web-based coaching portal for patients
and the health coach to view the participants’ progress. All
information transmitted between the phone app and the server
was encrypted.
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Figure 1. Simplified data entry tool based on the DASH portions-based approach to dietary intake.

Figure 2. Editable active and achieved goals are listed in the Goals window.
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Figure 3. The Chat window, where participants can communicate with their coach.

The coach was a master’s student trained to use motivational
interviewing as a counseling framework to address behavioral
health change. Over the course of 13 weeks, the coach interacted
with study participants on a weekly basis through a structured,
yet flexible, program that consisted of both telephone calls and
asynchronous sessions through the communication channel of
their preference (instant message, SMS, or email). In addition,
over the course of the study, the DASH health coach logged
dietary and physical activity data based on assessments made
during 6 phone calls during the study period. Based on this data,
the DASH coach assisted participants in setting goals for
changing behaviors consistent with their hypertension behavior
change plan by reviewing collected data with the user, assigning
educational tasks, and engaging in problem solving.

Outcomes

Engagement and Acceptability
To assess participant acceptability of and engagement with the
program, the number of blood pressure measurements, weight
measurements, and daily steps were logged. Daily step counts
of ≤250 were considered invalid. The number of coaching phone
calls attempted and completed, servings documented in the
dietary assessment, and goals set were also assessed.

Physiological Parameters
Blood pressure, heart rate, weight, and steps were collected to
assess changes pre- and postintervention. Wireless
behavior-tracking devices (blood pressure cuff, scale, and
pedometer) were synced via Bluetooth to the mobile app on the
participant’s smartphone, which uploaded data to the web-based
coaching portal.

Statistical Analysis
Descriptive analyses were performed to summarize the
characteristics of our study population. A Wilcoxon signed rank
test comparing the first and last documented physiologic
measures (blood pressure, heart rate, weight, body mass index,
and calories) was performed to assess significant changes
post-intervention. The same method was applied to examine
changes between the baseline (days 1-7) and follow-up (days
46-120) for the average daily steps. For all tests, P values <.05
were considered statistically significant. Analysis was conducted
using SAS 9.4 (SAS Institute).

Results

Overview
A total of 17 patients participated in this feasibility pilot study.
The mean age of the participants was 59 years (SD 6), and 10/17
(60%) were women. The participants in the study had an average
baseline BMI of 33.6 (SD 7.46), an average baseline systolic
blood pressure of 138.6 (SD 21.47), and average baseline
diastolic blood pressure of 86.9 (SD 16.10).

Engagement and Acceptability
As detailed in Table 1, participants were engaged with the app.
All participants logged their weight, steps, and dietary intake
and received messages from the coach. Most of the participants
(15/17, 88%) utilized the chat feature to send messages to the
coach, and 16 participants (94%) logged their blood pressure
and recorded goals. Over 120 days, the mean number of logged
measurements per patient was 63 (SD 46) for blood pressure,
52 (SD 45) for weight, and 55 (SD 36) for step counts. Of 102
coaching phone calls, 74 (73%) were completed. The mean
number of food entries per day per patient was 5.9 (SD 4.5),
and patients set a mean number of 5 (SD 2) goals.
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Table 1. Engagement measures.

Engagement per day, mean (SD)Engagement over study durationbEngagement measuresa

Median (IQR)Mean (SD)

0.16 (0.14)14 (66)19.3 (16.2)Messages sent to the coach per person

0.26 (0.13)31 (74)31.6 (16.1)Messages sent from the coach per person

0.52 (0.38)69 (178)63.1 (46.0)Number of times blood pressure was logged

0.43 (0.38)41 (76)51.5 (45.1)Number of times weight was logged

0.46 (0.30)63 (103)55.1 (35.7)Number of times steps were logged

5.9 (4.5)616 (1473)708.9 (541.2)Logged food entries

N/Ac5.5 (5)5.1 (1.8)Goals recorded

aData represented reflect those who used the respective features.
bThe study duration was 120 days.
cN/A: not applicable.

Physiological Results
Mean systolic and diastolic blood pressure, heart rate, weight,
body mass index, calories, and step counts did not change
significantly over time (Multimedia Appendix 1).

Discussion

Overview
In this pilot study, we found that an interactive mobile app
(DASH Mobile) to promote healthy behaviors that reduce
hypertension was feasible and engaged participants. We did not
find a difference in physiological outcomes, but we were
underpowered to identify such changes.

The average participant routinely logged their blood pressure,
weight, steps, food servings and communicated with their DASH
Mobile health coach, demonstrating active participation. The
engagement findings compare favorably with outcomes for the
original web-based implementation of DASH (DASH for
Health), which reported only 26% participation by the end of
the 12-month trial in 2008 [5]. More recently, our findings were
similar to another web-based implementation of DASH that
reported 71% participation [10].

Mobile interventions are more successful with participant
adherence [6,11,12]. Adherence promotion can be designed
through several approaches including participant-tailored
content, providing real time feedback to the participant, and
automated or human support to reinforce the behavior change
potential of the digital intervention [13-15]. Combining these
approaches may increase the effectiveness of an intervention
[16]. For example, a recent weight loss study that compared a
solely mobile intervention to a mobile intervention blended with
in-person components demonstrated that participants in the
blended model experienced a greater average weight loss than
those who received a purely mobile intervention [16].

We also identified challenges to engagement. Although the
Bluetooth-enabled devices were meant to make the experience
of collecting physiologic and behavioral data seamless, we
experienced difficulties in pairing the devices with the app,
resulting in the need to transition to another company’s devices.

Additionally, scheduling synchronous telephone counseling
presented a challenge when the coach’s availability did not mesh
well with participants’ schedules. Like other behavior change
programs, motivating participants to read the educational
materials remained a challenge. A potential opportunity for
improvement could be to tie these closer to the user-facing data
visualizations. Finally, while we used line graphs to illustrate
data over time, further work should explore patient preferences.

Given the level of engagement in our study, particularly in the
area of tracking, a mobile app intervention may be an effective
way to integrate and sustain behavior change in hypertension
management. Our study did not have enough participants to
determine a change in clinical outcome. A power calculation
indicates that at least 140 participants would be needed to
evaluate the effectiveness of DASH Mobile. Our favorable
engagement findings support such a trial. Successful lifestyle
change interventions require substantial patient motivation,
engagement, and access to experts.

Limitations
This study is limited in its generalizability, as all participants
were required to be English speaking and own a smartphone.
Though 77% of all Americans own a smartphone, only 46% of
Americans aged 65 years or older do [8]. In addition, all
measurements were self-administered and thus subject to
inaccuracy and bias. Furthermore, the intervention is not
autonomous, as it included human-based coaching. However,
the incorporation of human-based support is a common feature
of effective behavior change programs and does not necessarily
preclude dissemination [17-19].

In 2017, the American Heart Association/American College of
Cardiology published updated hypertension guidelines [20].
Stage 1 hypertension is now defined as a systolic blood pressure
of 130-139 mm Hg or a diastolic blood pressure of 80-89 mm
Hg, and Stage 2 hypertension is defined as a systolic blood
pressure ≥140 mm Hg or a diastolic blood pressure ≥90 mm
Hg. However, treatment for Stage 1 and Stage 2 hypertension
still include the lifestyle changes promoted by DASH.

JMIR Form Res 2020 | vol. 4 | iss. 5 |e13989 | p.160http://formative.jmir.org/2020/5/e13989/
(page number not for citation purposes)

Weerahandi et alJMIR FORMATIVE RESEARCH

XSL•FO
RenderX

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


Conclusion
This pilot study demonstrates the feasibility of delivering a
digital DASH intervention by leveraging off-the-shelf wireless
devices. Participants were engaged, suggesting that a
smartphone-based app can be used to deliver behavioral

interventions. Future implementations might employ integrated
calendars, alarms, social networks, and other smartphone tools
to further enhance patient engagement and ultimately clinical
outcomes. In summary, our data support the growing interest
in using mobile platforms to strengthen user engagement and
the accessibility of health behavior change interventions.
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