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Abstract

Background: Thereisincreased research interest in the use of mobile phone apps to support diabetes management. However,
there are divergent views on what constitute the minimum standards for inclusion in the development of mobile phone apps.
Mobile phone apps require an evidence-based approach to development which will consequently impact on their effectiveness.
Therefore, comprehensiveinformation on developmental considerations could help designers and researchersto devel op innovative
and effective patient-centered self-management mobile phone apps for diabetes patients.

Objective:  This systematic review examined the developmental considerations adopted in trials that engaged mobile phone
applications for diabetes self-management.

Methods: A comprehensive search strategy was implemented across 5 electronic databases; Medline, Scopus, Social Science
Citation Index, the Cochrane Central Register of Controlled Trialsand Cumulative Index of Nursing and Allied Health Literature
(CINALHL) and supplemented by reference list from identified studies. Study quality was evaluated using the Joanna Briggs
Critical appraisal checklist for trials. Information on devel opmental factors (health behavioral theory, functionality, pilot testing,
user and clinical expert involvements, data privacy and app security) were assessed across experimental studies using atemplate
developed for the review.

Results: A total of 11 studies (10 randomized controlled trials and 1 quasi-experimental trial) that fitted the inclusion criteria
were identified. All the included studies had the functionality of self-monitoring of blood glucose. However, only some of them
included functionsfor dataanalytics (7/11, 63.6%), education (6/11, 54.5%) and reminder (6/11, 54.5%). Therewere 5/11(45.5%)
studies with significantly improved glycosylated hemoglobin in the intervention groups where educational functionality was
present inthe appsusedinthe5trials. Only 1 (1/11, 9.1%) study considered health behavioral theory and user involvement, while
2 (2/11, 18.1%) other studies reported the involvement of clinical expertsin the development of their apps. There were 4 (4/11,
36.4%) studies which referred to data security and privacy considerations during their app development while 7 (7/12, 63.6%)
studies provided information on pilot testing of apps before usein thefull trial. Overall, none of the studies provided information
on all developmental factors assessed in the review.

Conclusions: There is alack of elaborate and detailed information in the literature regarding the factors considered in the
development of apps used asinterventions for diabetes self-management. Documentation and inclusion of such vital information
will foster a transparent and shared decision-making process that will ultimately lead to the development of practical and
user-friendly self-management apps that can enhance the quality of life for diabetes patients.

(JMIR Mhealth Uhealth 2018;6(6):€10115) doi:10.2196/10115
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Introduction

Background

Mobile appsrefer to software installed on smart mobile devices
that support medical and public health practices[1]. These apps
can deliver health care anywhere, subduing geographical and
organizational barriers as well as time constraints [2,3]. Their
intended use is for diagnosis, self-management, mitigation,
treatment or prevention of diseases such as diabetes [4].
Self-management of blood glucose minimizestherisk and health
complications associated with the insidious and chronic nature
of diabetes[5,6]. Diabetes self-management includes monitoring
of glucose level, lifestyle modifications, medication
management, prevention of complications and psychosocial
care[7]. Asastandard, diabetes self-management education is
usualy provided during outpatient visits, but it has been
advocated that most patients require ongoing support to
encourage and sustain behavior at the level that can maintain
good health [8,9]. Hence, the necessity for aregularly accessible
form of diabetes self-management education and support; which
can be achieved with the use of mobile apps.

Although, mobile apps are afield that has continually attracted
the interest of researchers and has excellent prospects, both for
the improvement of health care and economic interest [10,11],
comprehensive information on its devel opmental considerations
seem somewhat limited. Studies have reported gaps in the
understanding of forma standards and evidence-based
approaches employed in the devel opment and eval uation of the
effectiveness of mobile apps[12,13].

Considerationsin M obile Phone App Development

Presently, knowledge about the standard recommended practice
for mobile app development for chronic disease management
seems divergent and inconclusive. Some studies have reported
the benefits of devel oping mobile apps based on health behavior
and communication change theories [14,15]. The main reason
for using these theories is to adopt techniques and strategies
and help patients embrace healthier lifestyles. Existing models
and theoriesinclude transtheoretical model [16], socia cognitive
theory [17], self-determination theory [18], social ecological
theory [17] and motivational interviewing [19]. These theories
have served as guards in designing mobile app interventionsto
individuals' baseline characteristics.

Some authors are of the opinion that the development of health
caretoolsfor patient groups such asthose with diabetesrequires
an understanding of current challenges and barriersto self-care
[20]. This approach serves as an avenue for exploring users
needs at a specific time and envisaging what may evolve with
time. This can help in visualizing the use of the app as users
demands change [21,22].

Chomutare et al [23] emphasized in their systematic review that
good practice in designing mobile apps requires that inclusion
of functionalities be anchored on evidence-based
recommendations for the target groups. Furthermore, pilot

http://mhealth.jmir.org/2018/6/€10115/

testing with a target audience and incorporating feedbacks will
aid identification of barriers to the usage of mobile apps and
enhance the evaluation of its reliability, accuracy, usability,
acceptability, and patient adherence [3]. Ensuring the
incorporation of evidence-based recommendations and pilot
testing into app development for diabetes care will allow for
accurate interfaces, interpretations, and evaluation of the
effectiveness of the mobile app.

Data privacy and security whereby the users information is
securely managed is another major developmental consideration
[3,24]. Emphasising the use of ‘privacy by design’ approach
such asencryption and protocol sfor anonymous communication
and authentication helps to deter unauthorized users from
gaining access to patients’ medical data [25,26]. Furthermore,
it has been recommended that involvement of clinical experts
and multidisciplinary health teams should be an integral part of
the developmental and testing process of diabetes mobile apps
to ensure that medical guidelinesand clinical best practices are
followed in the management of diabetes [27].

The various views described above can be labeled as shared
decision-making approach to the development of mobile app.
Diabetes care and support using this approach in which patients,
health care providers, and app developers make hedth care
decision together; taking into account specific evidence aswell
as gpecific needs and preferences of patients, has been
recommended by various studies because it is seen to produce
effective health outcomes [28-30]. Such an approach focuses
on patient empowerment, ensuring a transition from a state
where patients are only seen as the recipients of care to a
position where they also have their opinion considered, and
they are allowed to make choices, thereby actively contributing
to the decision-making process. Given that the organizational
structure within the health care sector now recognizes the
patients' greater rolein their health care, this trend should also
result in a shift in the process involved in the development of
mobile apps. Patient engagement strategiesin app development
may not necessarily refer to their involvement in the algorithm
design but rather in the incorporation of procedures that meet
patients expectations through the consideration of their
experiences, needs, reasons for engagement and satisfaction
with the usage of the app.

Mobile apps have been proven to be a useful lifestyle
modification tool for providing ongoing individua self-care
support for diabetes management and facilitating regular
monitoring for improved health outcomes [31-36]. However,
previous reviews have focused mainly on assessing the
effectiveness of mobile apps to support diabetes
self-management  [11,33,34,36,37]. A mixture of shared
decision-making approaches that include developmental
considerations such as health behaviora theories, user and
clinical expert involvement, pilot testing and data security are
essential to help solve the problems of poor engagement
experience and ineffective use of mobile apps [38].
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The inclusion of robust, reliable and repeatable system design
that involves end users early in the developmental consideration
process will enhance ongoing support which is crucial to
sustaining progress made by diabetes patients in their
self-management [39]. To the best of our knowledge, no other
study has collated evidence on the factors taken into
consideration in the development of such apps. This evidence
will further aid the advancement of evidence-based devel opment
and evaluation of mobile apps for effective diabetes
management.

This systematic review aims to evaluate the factors taken into
consideration in the development of maobile phone-based apps
used as self-management interventions in experimental trials
of adultswith diabetes. Also, the review comparesthese mobile
app devel opmental factors with their impact on the key clinical
outcome variable glycosylated hemoglobin (HbA,.). For this
study, the developmental factors considered are categorized
into the following: (1) Health behavioura change theory, (2)
Function/Functionality (comprising documentation, analytics,
reminder, and education), (3) Users involvement, (4) Clinical
expert involvement, (5) Data security and privacy consideration,
and (6) Pilot testing. These factors were considered based on
extensive literature search and ingeminate brainstorming
sessions among co-authors, with afocus to provide aguide on
factors to consider in the development process of mobile app
for diabetes self-management precluding the use of such apps
inafull trial.

Methods

This systematic review was conducted following the Preferred
Reporting Items for Systematic Review and Meta-Analyses
(PRISMA) statement [40]. Assessed developmental
considerations are based solely on author reported descriptions
directly availableinthe selected studies or referenced in another
published article. For this review, we defined mobile phone
apps as apps that are downloadable to mobile phones and take
data inputs from users with afocus on improving one or more
aspects of diabetes self-management domains.

Data Sources and Search Strategy

Published literature sources were identified by searching
Medline, Cumulative Index to Nursing and Allied Health
Literature (CINAHL, EBSCOhost), Scopus, Social Science
Citation Index and Cochrane Register of Controlled Trials
(CENTRAL) databases. In order for search results to have the
maximum possible coverage, the combination of the following
terms and medical subject headingswere used during the search:
(**Type 1 diabetes mellitus’ OR * Type 2 diabetes mellitus”
OR diabet* OR IDDM OR NIDDM) AND (“Mobile
applications” OR , Smartphone* OR ‘“app” OR ‘“‘cellular
phone” OR “mobile app” OR *portable electronic
applications” OR *‘portable software application” OR *‘text
messages’ ). Searches were done between 5th-29"September
2017. Searches were supplemented by manua searching of
reference lists of identified studies.

http://mhealth.jmir.org/2018/6/€10115/
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Selection Criteria

Selected studies were any randomized controlled trial (RCT),
guasi-experimental study, or pre-post study evaluating the use
of mobile apps for self-management in patients (= 18 years)
with type 1 or 2 diabetes. Studiesincluded were those that used
mobile phone-based app intervention which allows rea-time
interaction between patients and the software. Such interactions
include input from the user (which may or may not allow for
reinforcement of personalized or general advice), goa setting,
dataanalytics, decision support or remindersto improve diabetes
self-management. Strict inclusion criteria were applied to
streamline and capture only diabetes interventiona studies.
Therefore, to ensure review of fully functional apps used as an
intervention for diabetes management, only trialsthat evaluated
at least one glycemiaindex of glycosylated hemoglobin (HbA ;)
or blood glucose levels as primary outcome were included.
Selected studies were those published in the English language
but not restricted to patients of any particular race.

Exclusion criteriaincluded: (1) technological interventions not
including mobile phone based app, for example systems which
require patientsto input datainto a Web-based server for review
by clinician or researcher, (2) systematic reviews, meta-analyses,
conference papers or letters, (3) pre-diabetes, gestational and
secondary diabetes, (4) obesity, (5) software solutions mainly
for insulin pumps only, (6) studies on mixed populations of
adults and children, and (7) studies still ongoing that presented
interim results only.

Data Extraction

Thetitlesand abstractsof all identified referenceswerereviewed
by thefirst author (MD). Referencesthat did not meet all of the
inclusion criteria were excluded. The full-text article of all
relevant references was retrieved and assessed. Data were
extracted from each selected studies using an electronic form
purposely developed for this review. All authors checked the
extracted data for consistency. Discrepancies were resolved
through discussion.

Quality Assessment

Assessment of study quality was performed by one author (MD)
in consultation with a second author (BMA). The quality was
evaluated using Joanna Briggs Institute’'s pre-designed
standardized critical appraisal tools [41]. For the RCTs the
following criteria were considered: (1) true randomization of
assignments, (2) allocation conceal ment, (3) blinding of outcome
assessors, (4) intention-to-treat analysis, and (5) appropriateness
of trial design. Criteria considered for the quasi-experimental
trial included (1) clear description of cause and effect, (2)
presence of a control group, and (3) pre and post intervention
outcome measurements were assessed. For al studies, criteria
included (1) details of similarity in baseline characteristics, (2)
identical treatment for groups with the exception of intervention
of interest, (3) degree and description of follow up, (4)
similarities in group outcome measurements, (5) reliability of
outcome (primary outcome of HbA ;. or blood glucose levels),
and (6) suitability of statistical analysiswere evaluated. Blinding
of participants and personnel were part of the quality criteriain
the tools but were omitted and termed non-applicable since the
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nature of the intervention under study makes it difficult to
achieve blinding. All criteria on the tools were scored on a 2
point scale: Yes (1 point) or no or unclear (0 points). When
adding all quality criteria, the maximum obtainable scores was
11 for the RCTsand 9 for the quasi-controlled trials. Depending
on the number of criteriamet by each study, the quality of each
study was graded as High (=7 points), moderate (4-6 points) or
low (<3 points). Disagreement were resol ved through discussion

among authors.

Results

Selection of Studies

The initial search from the 5 databases identified 1203 articles
which included 116 duplicates that were removed. Based on

Figure 1. Flow diagram of the study selection process.

1203 records identified through database
search.

Scopus: 507

Medline: 310

CINAHL: 56

Cochrane register of controlled trials: 97
Sacial science index: 233

1087 records after duplicate removed

Adu et a

thereview of thetitlesand abstracts, 53 articleswere potentially
relevant. Thefull text of these articles was retrieved for further
examination, and their references were manually screened to
identify articles that were not included in the original search.
Thisprocessyielded 4 additional articles. After reading the full
articles, 12 studies met the set inclusion criteria. The studies by
Quinn et a [42,43] reported on the same study population, with
different group classifications. The studiesby Rossi et al [44,45]
engaged the same app but in different study populations.
Therefore, 11 RCTs and 1 quasi-experimental study were
eventually included. An adapted PRISMA (Preferred Reporting
Items for Systematic Reviews and Meta-Analyses) flow-chart
of study selection is shown in Figure 1.

1034 articles excluded for not meeting

v

53 full text articles retrieved online

A4

eligibility criteria

¥

57 assessed for eligibility

4 articles identified from reference list of full
text articles

46 articles excluded

31 not a trial

v

11 trials included in the review
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» 5 trials reported as pilot study
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1 very low quality
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M ethodological Quality Assessment

Therewere 7/12 (58.3%) true randomization trials[44-50], and
2/12 (16.7%)trial s had unclear evidencefor their randomization
method as there was insufficient detail to make a judgment
[42,43]. Allocation concealment was documented in only 1/12
(8.3%) study [48].

A total of 7/12 (58.3%) studies reported an intention-to-treat
analysis of their data [43-47,50,51]. There was 1/12 (8.3%)
study that reported the use of alinear mixed methodology which
allowed the inclusion of al randomized participants [48]. A
total of 9/12 (75.0%) studies had details of attrition with reasons
for drop out balanced across groups [42-46,48-50,52].

All studieshad similar and reliable HbA ;. measure. All studies,
except 1/12 (8.3%) by Istepanian et al [47], were judged to be
appropriatein their statistical analysesand trial designs. Overall,
10/12 (83.3%) studieswere graded as high quality becausethey
met 7-9 criteria of the grading tool, 1/12 (8.3%) study met 6 of
the criteria and was graded as moderate [47], and the last study
(1/12, 8.3%) met only 2 quality criteria[53], was graded as poor
and removed from the review.

Characteristics of Included Studies

The 11 studies selected evaluated 9 mobile apps and were
published between 2009 and 2016. A total of 10/11 (91.1%)
studieswere RCTs, while 1/11 (9.1%) was aquasi-experimental
study [52]. Participant numbers ranged from 54 [50] to 213
[43]. There were 4/11 (36.4%) studies which focused on type
1 diabetes [44-46,48], 6/11 (54.5%) studies were specific to
type 2 diabeteswhile 1/11 (9.1%) study [47] involved both type
1 and 2 diabetes patients. Intervention duration for 8/11 (72.7%)
studies ranged from 2 to 10 months, while the remaining 3/11
(27.3%) studies[42,43,51] had their follow up period extended
to 1 year. Study locations were from four geographic regions
including Europe (6/11, 54.5%), Oceania (1/11, 9.1%), Asia
(2/11, 18.2%) and America (2/11, 18.2%).

All studies had major interventions using a mobile app. A total
of 2/11 (18.2%) studies had 2 intervention groups [46,51] and
another 2 studies had 3 intervention groups [42,43].

HbA ;. was the primary outcome measure in al trials. A total
of 5/11 (45.4%) studies reported a positive and statistically
significant improvement in HbA . in the intervention group
[43,46,48-50]. A total of 5/11 (45.4%) studies had HbA,;
reduction in both the intervention and control groups
[42,44,45,51,52]. Whilein 1/11 (9.1%) study, HbA ;. remained
unchanged between the intervention and control groups [47].
A summary of these characteristics is shown in Multimedia
Appendix 1.

Multimedia Appendix 2 and Multimedia Appendix 3 detail the
developmental factors considered in each of the reviewed studies
and the resulting key clinical outcome (HbA ).

Health Behavioral Theories

Only 1/11 (9.1%) study [49] reported on health behavioral
theories. Specifically, motivation behavioural skills model was
used for the formulation of an automated personalised feedback
message content of the mobile app.

http://mhealth.jmir.org/2018/6/€10115/
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Functions of Mobile Apps

It was apparent from the review that functions of the mobile
appswerediverse. However, documentation for self-monitoring
of blood glucose (BG) either manually or through wireless
transmission from BG meter was present in all studies. A total
of 8/11 (72.2%) studies had mobile apps with capacity for diet
management [42-46,48,50,51]. Three studiesincorporated blood
pressure function in their mobile apps [49,50,52]. There were
7/11 (63.6%) studies which had a physical activity function
[44-46,48-51] and 2/11 (18.2%) studies incorporated weight
tracking function [49,50]. There were specific functionsto log
or calculate insulin dosages in mobile apps employed in the
4/11 (36.3%) studies with type 1 diabetes participants
[44-46,48]. A total of 2/11 (18.2%) studies reported a general
medication log function in their mobile apps [42,43].

With the exception of 4/11 (36.4%) studies, all others (7/11,
63.6%) had capacity for mobile appsto alow patientsto analyse
logged data. These 4 studies had their logged data transferred
to aweb/cloud storage and analysed by either the researcher or
the health provider [42,43,47,52].

Therewere 6/11 (54.5%) studiesthat utilised mobile appswith
an educational function. Half 3/6 (50.0%) of the studies provided
education as a personalised real-time automated educational
feedback specific to logged data [42,43,49], while the other 3
provided a general information page [44,45,51].

A total of 6/11 (54.5%) studies utilized a mobile app with a
reminder function [44,45,47,48,50,51].

Users' I nvolvement

There was only 1/11 (9.1%) study [51] that clearly described
users involvement in the design of its mobile app. It reported
an iterative design process involving 12-15 diabetes patients
using the approach of focus group meetings, semi-structured
interviews, usability testing, questionnaires and paper
prototyping. This approach generated the design requirements
and answers to research questions [20].

Clinical Expert I nvolvement

There were 2/11 (18.2%) studies [42,43] which used the same
mobile app and engaged the opinions of clinical expertsin the
field of diabetes during its development and design. The studies
reported that the mobile app development involved an
Endocrinologist and a Credentialed Diabetes Educator [54].

Data Security and Privacy Consideration

Report on data security and privacy varied among the studies
with limited elucidation of information in most cases. In 2/11
(18.2%) studies [42,43] the authors reported a real time
capturing of self-monitored blood glucose data into a Health
Insurance Portability and Accountability Act-compliant secured
Web-based system [54]. In 1/11 (9.1%) study, measured data
from participants were transmitted to a server. With each new
measurement the patient profilewas updated allowing controlled
access to patients' data and record history [50]. Transfer of
mobile app data into a secured central server was the only
information provided by Charpentier et a [46].
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Pilot Testing of Mobile Apps

A total of 7/11 (63.6%) studies provided information with
regardsto pilot testing. Of these, 2/11 (18.2%) [42,43] reported
three monthstest running of the mobile app on 30 patientswith
type 2 diabetes with the aim of evaluating theimpact on HbA ;;
and satisfaction of patients with the technology [54]. Likewise,
111 (9.1%) study [46] reported a 4-month open label
observational pilot study on 35 type 1 diabetic patients with the
aim of confirming if the use of the mobile app resulted in good
control of post prandial blood glucose readings[55]. Only 1/11
(9.1%) study [50] reported a one-month piloting on 11 type 2
diabetes patients to assess usability and impact of the mobile
app on HbA ;. outcomes and home blood pressure monitoring
[56]. In 2/11 (18.1%) studies [44,45], 2 pilot programs were
reported through acitation in another article. Thefirst waswith
the use of a questionnaire to assess the feasibility and
acceptability of the maobile app. The second was a 9-months
follow up of 41 patients using the mobile app under routine
clinical practice condition with the aim of investigating its
effectiveness on metabolic control [57]. Lastly, 1/11 (9.1%)
study [51] reported a 12 months pilot testing on 12 personswith
type 2 diabetes [20].

Discussion

Theoretical Basis

Our review shows that most of the studies did not discuss
consideration for health behavior theories in their mobile app
development. The lack of report on theoretical basis may be as
aresult of reliance on evidence-based guidelines that relatesto
the essentid self-care activitiesin people with diabetesto predict
good outcomes [58]. While it is necessary for mobile apps to
be guided by health behaviora theories, the current theories
appear incapable of answering most of the questions likely to
arise when mobile apps are employed as health interventions
[14]. Dunton and Atienza [59] reported that current health
behavior theories have not been able to incorporate
within-person differences which alow for intra-individual
tailoring of interventions. Boorsboom et a [60] noted that
between people theories do not imply, test or support causal
factors valid at the individual level. Therefore, there is a need
for more research into intra-individual non-static regulatory
model swhich can beincorporated in the devel opment of mobile
technology-based health behavioral interventions.

Functionalities of M obile Apps

All the 11 trials reviewed in this study included mobile apps
with  documentation/monitoring  component,  where
self-documentation of blood glucose readings was the most
common. Only 3 studies used mobile appsthat offer automated
direct datatransfer of blood glucose values from the glucometer
or data from other measuring devices [47,50,51]. This
corroborates the report by Demidowich et al [61], where only
four of the 42 mobile apps studied offered direct datainput from
glucometer. Dataentry is often perceived as a persistent burden
in chronic disease management [39]. Therefore, it isimperative
that data entry in mobile apps be as spontaneous as possible,
requiring littletime and effort to use[62]. M obile app devel opers
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should prospectively consider including an interface between
the app and biomarker measuring devices which allow usersto
automatically log measurements. Such interface may include
Bluetooth which enables portabl e electronic devices to connect
and communicate wirelessly [63]. The success of using this
interface was demonstrated in the studies by Waki et a [50]
and Holmen et al [51].

Data analytics as an app feature was included in only 7/11
(63.3%) studies. A consumer-directed software such as mobile
app is better incorporated with functions that enable users to
enter, analyze their health parameters and view graph trends
and statistics. This can improve the patient’s ability to observe
the impact of their lifestyle and behavior on health indicators,
access trends and even predict health outcome measures [64].
Additionally, decision-making and problem-solving skills of
patients can beimproved when mobile appsinclude visuaization
techniques such as color-coded charts or graphswhich indicate
when biomarkers, food carbohydrate component and physical
activity are out of recommended range [65]. It is essential that
analytic functions be dynamic, easily accessible and able to
project trends to predict individual improvement in self-care
activities which may invariably lead to better health outcomes
[66,67].

Despite the emphasis by published guidelines for the need for
ongoing patient education [7], very few studies used maobile
apps that have education as a functionality. This finding is
corroborated by another review where the authors confirmed
personalized education as an underrepresented feature in
diabetes mobile apps [23]. Patients may have difficulty
consulting with their diabetes educators or other health care
professionals, due to lack of time, financial constraints, and
other limitations. Hence, an app with an educational component
can supplement health care provider diabetes education and
reinforce information about the importance of self-management
and complication prevention. This can serve as an avenue for
continual patient empowerment to successfully deal with the
disease. However, it isessential that the personalized educational
feedback and advice provided in mobile apps are accurate. This
is especially true for those that are automatically generated
because monitoring mobile apps pose serious harm to the
patientsif they fail to function as intended [68].

A total of 6/11 (54.5%) studies reported using mobile appswith
reminder function either in the form of prompting to measure
missed blood glucose readings or alerts for appointments
scheduled for the assessment of  complication
[44,45,47,48,50,51]. They are sometimes referred to as ‘push
technology’; which enables messages to be delivered without
any effort on the part of the recipient [69]. Such reminders can
be in the form of text message, alarm, email, automated voice
call or image message. Other review hasillustrated the benefits
of an alarm reminding patientsto carry out their health activities
[70]. Another study revealed improvement in treatment
adherence as patients get fascinated using remindersto handle
their health care activities [ 71].

Users' Involvement
Similar to an earlier review by El-Gayar et a [72] on the
adoption of user-centered designed principles in mobile apps,
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only one study [51] documented inquiry into users’ expectations
and perceived needs in the app developmental phase. Users
involvement in design process increases the success rate of
computerized system usability [73], as it is essentia to
understand the reasons for use and user requirements [74,75].
In contrast, a design process lacking the involvement of users
in the design loop will fail to recognize the particular odds and
problems in the use of the intervention [76]. Design processes
can use research tools such as questionnaires, focus group
discussions, and personal interviews. These help to seek users
requirements, preferences, understand current challenges and
barriers to self-care and subsequently incorporate the findings
into the design process. Incorporation of feedback during app
design process can help in producing a more user-friendly
application and encourage long-term user engagement.

Clinical Expert I nvolvement

Many of the appsreported in the studies reviewed were designed
without the involvement of health care professionals, and this
observation is supported by an earlier review [77]. Involvement
of health professionalsin diabetes mobile app devel opment can
assure the quality of health information and support provided
by such apps[78]. Thisis especially important in mobile apps
involving advice on insulin dosing. It has to be mentioned that
the 3/11 (27.2%) studiesin thisreview which used mobile apps
to assist participantsin caculating insulin dosage failed to report
whether clinical experts were involved in the development of
these apps, even though HbA ;. levelsin theintervention groups
were not significantly lower compared to the control groups
[44-46]. This finding highlights possible issues with the
effectiveness, efficiency, and relevance of these mobile appsto
users health security. Insulin overdose in diabetics can result
to severe hypoglycemia and coma while under-dose can cause
diabetes ketoacidosis; both can havefatal consequences[79,80].
Participation of health professionals in the development of
diabetes mobile apps may decrease the likelihood of such fatal
occurrences and protect consumers from incorrect and
misleading information. Furthermore, clinical expert
involvement in diabetes mobile app development will foster
avoidance of legal implications surrounding noncompliance to
regulatory and medical standards that relate to digital health
services especialy those which empower people to track,
manage and make decisions about their health [81,82].

Data Security and Privacy

Information on data security and privacy considerations in
mobile app development were lacking in many of the trialsin
this review. Late consideration of privacy and security are app
developers’ errors that cannot be underestimated. Medical data
breaches resulting from failed security attract huge financial
implications (such as costs associated with apecuniary penalty,
potential liability claim, lost brand val ue, responding to lawstiits,
negative press statements and essentially loss of patients’ and
health care providers' trust) for non-compliant organizations
[82,83]. Studies have revealed that some users are concerned
about the privacy of their personal health information stored on
an electronic device[84,85]. Proceduresto maintain health data
privacy and security to avoid data breaches must, therefore, be
considered during mobile app design. Encrypted storage which
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ensures logged data are protected against malicious attack is a
security approach to protecting health data on mobile apps[86].
Furthermore, the privacy of users' information can be ensured
through user authentication or enforcement of password
requirements[86], and this can protect users' health datain case
of maobile phoneloss.

Pilot Testing

There were 5/11 (45.5%) studies that failed to report on pilot
testing of their apps before use in the trial. A previous study
also reported that most health apps do not offer patients ample
opportunity for feedback onthelevel of satisfaction and usability
of the product [87]. Theimportance of pilot testing mobile apps
cannot be overemphasized. Apart from serving as an avenue
for testing theimpact of the app on glycemic control pilot testing
can assess its user-friendly capacity and adherence for useasa
self-management tool.

Developmental Factors Considered in Mobile Apps
and the Key Clinical Outcome (Glycosylated
Hemoglobin)

Multimedia Appendix 2 and Multimedia Appendix 3 show an
overall evaluation of the developmenta factors considered in
the design of the maobile apps used in the reviewed studies and
the resulting critical clinical outcome (ie, glycosylated
hemoglobin, HbA ). Multimedia Appendix 3 highlighted 5/11
(45.5%) studies that had intervention groups with significantly
improved HbA .. A comparison of these 5 studies showed that
educational functionality was present in all. For example, 3/5
(60.0%) studies provided the educational information directly
through the mobile app [43,49,50] while 2/5 (40%) provided
additional text messaging or teleconsultation [46,48]. Itislikely
that the similar outcomes observed in these studies were partly
dueto similitudein the provision of self-management education
to participants, as digital tools with decision support features
such as education have been proven to have the capacity to
enhance self-management outcomes [88]. This finding
demonstratestheimportance of consistent and ongoing provision
of self-management education to people with diabetes. Diabetes
education and diabetes management are inseparable because
every patient would benefit from education in self-management.
Therefore, in addition to other essential functionalitiesin mobile
apps that support diabetes care, the inclusion of education
functionality will provide the recommended ongoing support
to promote the importance of self-management, build patient
skills, increase motivation for self-care and ultimately improve
glycemic control [89,90].

Furthermore, 3/5 (60%) studies with significant improvement
in HbA . reported on pilot testing of their mobile apps before
use in the full trial [43,46,56]. It is possible that excellent
efficacy observed in these studies was due to pilot testing.
Among other reasons, an essential am of pilot testing a
technology is to establish its usability. Usability testing of a
mobile app examines end users satisfaction and has been
identified as one of the factors that determine its efficacy and
success of users engagement with it. [91].
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Implication for Practice and Future Research

Much work is needed to address challenges limiting the
documentation and theimplementation of devel opmental factors
in the design of mobile apps for diabetes management. The use
of mobile phone interventions in which the developmental
design are not explicitly documented is likely to result in a
non-replicable app with significant levels of wasted resources.
Therefore, future work is required to promote the devel opment
of evidence-based appsresearch and clinical use. These mobile
apps should focus on integrating functions to core diabetes
self-management practices and primarily with the provision of
self-management education. Additionally, integrating theories
of heath behavioral change, users, and clinical experts
involvement while ensuring data privacy and security are
essential factors to be considered in the devel opment of future
mobile apps.

Limitations of This Review

There are limitations to be considered when interpreting and
extrapolating the findings of this systematic review. Theresults
of this review were dependent on the terms used in the search
strategy and the efficiency of the search engines used. An
attempt to overcome this limitation was ensured by choosing
common terms and combination of terms usually used in the
literature review on mobile health apps. Thisreview considered
only trialsthat were reported in the English language with strict
inclusion criteriaand so the number of articlesthat met the study
criteria was small, and this limits the ability to generalize the
findings. Also, the process of extracting the data presented some
risk of error and uncertainty because some studies were not
explicit about their developmental considerations, and it is easy
to miss or misunderstand some development description either
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reported directly within the article or referenced. However, to
avoid this occurrence, the authors ensured that the assessment
process involved independent verification and all pitfalls that
might invalidate the findings were avoided. Despite these
limitations, this review provides valuable information to future
researchers and developers of mobile apps for diabetes
management on the necessary factors to consider during app
development.

Conclusion

This systematic review has presented the crucial stepsthat need
to be taken in mobile app development to support effective
self-management for people with diabetes. Most of the studies
in this review offer a limited and non-expository degree of
information on the factors considered in the devel opment of the
apps employed.

The main stakeholder in diabetes management is the patient.
Shared decision-making between diabetes patients, health care
professionals, and app developers can result in improved
management. Therefore, this should be the basis for the
development of mobile apps for diabetes support. Shared
decision-making can be achieved through the process of patient
and clinical expert involvement, ensuring data security and
privacy, pilot testing and integration of core functions that
support all aspects of diabetes self-care activities as indicated
by evidence-based guidelines. Continual integration of these
processes during app devel opment (before actual usein clinical
trials) will ensure that specific needs of diabetic patients are
met in the finaly developed app, and this will ultimately
improve diabetes support, self-management and clinical
outcomes for the patients.
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Abstract

Background: Few studies assessing the correlation between patient-reported outcomes and patient-generated health data from
wearable devices exist.

Objective: Theam of this study wasto determine the direction and magnitude of associations between patient-generated health
data (from the Fitbit Charge HR) and patient-reported outcomes for sleep patterns and physical activity in patients with type 2
diabetes mellitus (T2DM).

Methods: Thiswas a pilot study conducted with adults diagnosed with T2DM (n=86). All participants wore a Fitbit Charge
HR for 14 consecutive days and completed internet-based surveys at 3 time points: day 1, day 7, and day 14. Patient-generated
health dataincluded minutes asleep and number of steps taken. Questionnaires assessed the number of days of exercise and nights
of deep problems per week. Means and SDswere calculated for al data, and Pearson correl ations were used to examine associations
between patient-reported outcomes and patient-generated health data. All respondents provided informed consent before
participating.

Results. The participants were predominantly middle-aged (mean 54.3, SD 13.3 years), white (80/86, 93%), and femal e (50/86,
58%). Use of oral T2DM medication correlated with the number of mean steps taken (r=.35, P=.001), whereas being unaware
of the glycated hemoglobin level correlated with the number of minutes asleep (r=—.24, P=.04). On the basis of the Fitbit data,
participants walked an average of 4955 steps and slept 6.7 hours per day. They self-reported an average of 2.0 days of exercise
and 2.3 nights of sleep problems per week. The association between the number of days exercised and steps walked was strong
(r=.60, P<.001), whereas the association between the number of troubled sleep nights and minutes asleep was weaker (r=.28,
P=.02).

Conclusions: Fithit and patient-reported data were positively associated for physical activity as well as sleep, with the former
more strongly correlated than the latter. As extensive patient monitoring can guide clinical decisions regarding T2DM therapy,
passive, objective data collection through wearables could potentialy enhance patient care, resulting in better patient-reported
outcomes.

(JMIR Mhealth Uhealth 2018;6(6):€131) doi:10.2196/mhealth.8122
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Introduction

The Role of Wear able Technology

Diabetes mellitus is a chronic condition characterized by
hyperglycemia, which arises due to anomaies in
insulin-dependent metabolism[1]. In 2015, aCentersfor Disease
Control and Prevention report estimated that about 30.3 million
peoplein the United Stateswere affected by diabetes, with type
2 diabetesmellitus (T2DM) comprising 90% to 95% of all adult
cases[2]. Theonset and course of T2DM isstrongly influenced
by lifestyle-related health behaviors, such as the amount of
physical activity and sleep [3-7]. Studies have shown that
increased physical activity and weight loss lead to improved
glycemic control and lower the risk of cardiovascular disease
among diabetics [3,7]. The opposite is aso true, as decreased
physical activity and sleep leadsto worsening glycemic control
among patients with diabetes [4-6]. Optimum glucose control
requires a combination of diet, exercise, and medication [8].
However, medications are considered only if lifestyle
interventionsfail. Dueto the plethora of antidiabetic drugswith
varying mechanism of actions and therapeutic effectsavailable,
prescribing optimal medication often becomes tedious. The
availability of health-related big data can guide such clinical
decisions and enhance patient care [9]. Thus, patients with
T2DM comprise a population for which the accurate
measurement of health behavior is critical for measuring
outcomes and personalizing medication.

Data pertaining to health behaviors aretypically collected from
patientswith T2DM through patient-reported outcome measures
[10,11]. However, patient responses are subject to validity issues
arising from recall problems and are also affected by other
cognitive and emotional variables [12-14]. Moreover,
paper-and-pencil administration of patient-reported outcomes
may result in missing data, as participants have the option of
skipping questions [15]. Mobile physiological monitoring
devices (wearables), which collect patient-generated health data
[16], arean dternative source of information that isincreasingly
recommended for use in studies of chronic illness populations
[17-19] and in clinical care settings [20,21]. However, as
wearable device technology is relatively new, the associations
between wearable device data and information collected from
other traditiona collection methods are not fully understood.

Historically, health-related quality of life (HRQoL) research
has been conducted on a small scale. However, organizations
such as the Patient Centered Outcomes Research Ingtitute
(PCORI) are being established. PCORI isaUnited Statesfederal
funding agency for studies on outcomes research pertaining to
patient quality of life. The budget for PCORI is part of the
legidlation of the Affordable Care Act, and the goal of the
organization is to empower patients by providing them with
evidencethat hel psthem make informed health-related choices.
Such organizations are developing extensive databases to
systematically collect HRQoL dataon alarge scale. PCORI, in
particular, aims to eventually include information collected
from wearable devices as part of its data network, PCORnet
[22]. This strategy of amalgamating health-related,
patient-specific parameters could provide objective, detailed
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HRQoL data that cannot be captured by self-reported
assessments and are not included in electronic medical record
databases.

Fitbit—Strengths and Weaknesses

Consumer wearable devices, such as those produced by Fitbit,
are relatively low-cost, consumer-level wearables that collect
data across variety of domains, including physical activity and
sleep quality. A recent systematic review indicated that Fitbit
devices step count estimates showed strong positive
associations with laboratory-based devices that used step
counting or accel erometer-based techniques[23]. However, the
average error of underestimation was 4% to 6% [24]. Another
study found that 2 Fithit products correlated highly with
laboratory research devicesfor step count, moderate-to-vigorous
physical activity, energy expenditure (EE), and sleep [25]. Fithit
devices' step countswere also shown to strongly correlate with
visual and ActiGraph accelerometer step countsduringa2-min
walk test among community-dwelling older adults[26]. Finally,
Fitbit EE estimates were on par with EE estimates from the
SenseWear armband, a device that uses a combination of
accelerometry, galvanic skin response, and heat-flux
measurements to estimate EE [27]. A study of patients with
chronic obstructive pulmonary disease reported a high
correlation between EE estimatesretrieved from Fitbit and those
from the SenseWear armband [28]. However, recent systematic
review data also indicated that wearables, including Fithit,
overestimated total sleep time and sleep efficiency and
underestimated waking after sleep onset, compared with
polysomnography, which is the current gold standard for the
measurement of sleep quality [23].

Gapsin Previous Research

Few studies have described rel ati onships between Fitbit metrics
(or those of other newer wearabl e devices) and patient-reported
outcomes measuring similar variables. However, there is an
ongoing clinical trial to evaluate associations between wearable
biosensor data, performance status, and patient-reported
outcomes in patients with cancer [29].

This pilot study was conducted to determine the association
between Fitbit-generated data and patient-reported outcomes
pertaining to physical activity and sleep patternsin patientswith
T2DM.

Methods

Study Design

This noninterventional, pilot study was designed to assess the
magnitude and direction of correlation between patient-reported
outcomes (collected through internet-based surveys) and
patient-generated health data (collected from Fitbit devices) in
patients with T2DM. The study protocol was approved by the
Sterling ingtitutional review board (IRB; Atlanta, Georgia;
registration number 5386-001IRB).

Participant Recruitment

Participants (N=1504) were recruited from adults who
self-reported a diagnosis of T2DM while responding to either
the 2014 or 2015 Nationa Headth and Wellness Survey
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(NHWS). In 2014, 96,747 participants and in 2015, 97,700
participants compl eted the survey. Responses from these surveys
arereported as part of the NHWS database, which is one of the
largest international databases for patient-reported disease
outcomes. Those who reported that they were not pregnant and
were diagnosed with T2DM by a doctor and currently taking
prescription medicine for the condition were considered to be
eligible.

Procedure

Eligible participants were sent an email invitation to join the
study in February 2016 (N=1504). People interested in
participating clicked on an embedded hyperlink that took them
to a secure webpage, which included study documentation, an
electronic informed consent form, and a screening questionnaire.
Those who met the screener criteria and agreed to participate
(n=170) were mailed Fitbit Charge HR devices with user
manuals (along with special instructions on how to charge and
sync the Fitbit device). After device registration, participants
were directed to an opt-in page that described study procedures
in detail and included the informed consent form. Both consent
forms notified the participants that involvement in the study
was voluntary and that all responses would remain confidential.
The forms also included information about the research goals,
approximate survey length, duration of participation,
compensation, and resources to address any concerns arising
during the conduct of the study. Specifically, they were provided
with the telephone number of the Sterling IRB and an email
address to contact the researchers. Throughout the study, there
were no paper surveys to store or destroy, and no manual data
entry was required. Participants who completed the study kept
their Fitbit Charge HR, and those who completed all 3 surveys
(n=86) over the 2-week period were given an additional US
$25. Selection bias was prevented by providing all the invitees
an equal opportunity to participate. The final respondents were
chosen only if the selection criteria as per protocol were
satisfied.

Data Coallection

The study was conducted over a period of 14 days.
Questionnaires were administered on day 1 (beginning of week
1), day 7 (end of week 1), and day 14 (end of week 2). After
successful device registration, participants were sent an email
that included alink to thefirst of the 3 questionnaires. Responses
to al surveys were instantaneously uploaded to a secure
database. Fitbit data were collected passively over the entire
2-week study period. Participant responses to questionnaires
were monitored, and activity data collected from the Fitbit were
tracked through the course of the study. All participants could
view their own Fitbit-related data. Those who did not activate
the device or missed a survey were contacted viatelephone and
reminded of their participation in the study. Telephone calls
were also used to help troubleshoot any problems that
participants had with the device. Data collected through Fitbit
deviceswere accessed through Fitabase (athird-party database),
which aggregated all of the collected information into asingle
database. After the study, the deviceswere manually deactivated
from the database by the researchers, so that no further data
could be collected.
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M easures

Physical activity and sleep patterns and quality were studied
through internet-based patient-reported outcomes surveys and
Fitbit-generated data. The number of steps was used as a
measure of physical activity, and sleep quality was assessed in
terms of hours of deep via the Fithit Charge HR. Further
explanation is provided below.

Sociodemographic Characteristics, Type 2 Diabetes
Méllitus Parameters, and Disease Management

The social and demographic characteristics of the population,
such as age, gender, level of education, race, and income, were
recorded as part of the first questionnaire administered to
participants. Body massindex (BMI; weight in kg/height in m?)
was also captured, due to its impact on disease manifestation
and progression. BMI were categorized asfollows: normal (BMI
>18.5 to <25), overweight (BMI=25 to <30), class 1 obese
(BMI=30 to <35), class 2 obese (BM1=35 to <40), and class 3
obese (BMI 240).

Parameters pertai ning to the way patients managed their disease
were captured as part of thefirst questionnaire. Theseincluded
variables, such asmode of treatment, oral therapy, use of insulin,
and current glycated hemoglobin (Hb1Ac) levels, aswell asthe
number, timing, and symptoms of hypoglycemic events.
Fitbit

The Fitbit Charge HR was used to measure physical activity
and sleep quality. It is a compact device that is worn on the
wrist. It synchronizes either with a Fitbit mobile app or a Fitbit
computer-based dashboard using a Bluetooth or USB
connection. The device quantified several parameters related
to health behavior daily including, but not limited to, stepstaken,
current heart rate (HR), distance covered, calories burned, and
floors climbed. All of this information is displayed on the
device's screen, whereas information such as detailed HR
history, number of active minutes, number of hours slept, and
sleep quality are accessible to users through the synchronized
app or dashboard. All the above parameters were recorded by
Fitbit only for the duration that the device was worn.

Physical Activity Measured by the Fitbit Charge HR

Steps taken were measured by the Fitbit activity tracking
algorithm, which uses triaxia accelerometry, based on
piezoel ectric or capacitance sensing of accelerative forces. The
number of steps automatically resets to 0 at midnight, daily.
However, step count history could be accessed through the Web
dashboard or mobile app.

Sleep Quality Measured by the Fitbit Charge HR

Participants had to be wearing the device to track their sleep.
Fitbit calculated the number of hours asleep by subtracting the
time a participant was awake or restless from the total tracked
time. The device assumed the participant was asleep if
movement was not recorded for about an hour. Additional data
that confirms sleep, such as rolling over, was also considered
for deep calculation. However, if sleep wasincorrectly recorded
when the participants were motionless for along time, but not
asleep, the participants were free to delete the sleep log data.
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Patient Surveys

Patients reported their physical activity and sleep quality as part
of each weekly questionnaire. Specifically, they were asked to
report the average number of days in atypical week that they
rigorously exercised for either improving or maintaining their
health, losing weight, or for enjoyment on an 8-point Likert
scale (0-7 days). In addition, they were asked to input the
numerical value for the average number of days exercised per
week. They were also asked to report (in hours and minutes)
the time per day that they performed rigorous exercise and the
duration that they held agym membership, if at all.

Sleep duration was self-reported by the patients as the average
number of hoursthey slept per night.

Statistical Analyses

Descriptive statistics (means and SD for continuous variables;
percentages and frequencies for categorical variables) were
calculated for sociodemographics, T2DM-related parameters,
Fitbit data, and patient-reported outcomes. For categorical
variables, chi-square tests were used to determine significant
differences across groups, whereas t tests were used for
continuous variables. Pearson correl ations were used to measure
the direction and association between patient-reported outcomes
and Fitbit patient-generated heath data. Anayses were
conducted using the |IBM SPSS Statistics for Windows, version
23 (IBM Corp, NY, USA).

Results

Sociodemographic Characteristics, Type 2 Diabetes
Mellitus Parameter s, and Disease M anagement

A total of 170 respondents completed the screener and received
Fitbit devices. Of these, 98 completed the basdline questionnaire,
92 completed the first follow-up, and 86 completed all of the
surveys. Out of the 170 respondents who received Fitbit, 72 did
not activate the devicee Among the 86 respondents that
completed all the surveys, the average number of days not active
with their Fitbit was 1.6 days (SD 4.2).

Respondents (n=86) were mostly white (93%, 80/86) and fema e
(58%, 50/86), with a mean age of 54.3 years (SD 13.3, range
24-84) and a household income of <US $50,000 (54%, 46/86;

Table 1). The mean BMI of the participants was 35.8 kg/m?
(SD 8.9, range 22-59). Using standard WHO definitions for
BMI classification [30], the respondents were classified
into—normal (n=5), overweight (n=20), class 1 obese (n=21),
class 2 obese (n=14), and class 3 obese (n=24). No onereported
being underweight and 2 respondents did not provide their
weight information.

Respondents were diagnosed with T2DM for a mean of 9.7
years (SD 7.0) and had a mean HbA . value of 7.1% (SD 1.4;
Table 2). A total of 28% respondents (24/86) used insulin, and
88% (76/86) had a home glucose monitor. Among those with
a home glucose monitor, 62% (47/76) checked their glucose
daily or multiple times per day. Of the patients who checked
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their glucose levels at least daily with a monitor, 81% (38/47)
knew their HbA . level, whereas 79% (23/29) of patients who
had a monitor, but did not check their glucose levels at least
daily, knew their HbA . levels.

Use of insulin or an oral T2DM medication did not differ
between respondents aged <55 years and =55 years (31% vs
24%, P=.52 and 90% vs 97%, P=.18, respectively). However,
respondents aged =55 years tended to use less noninsulin
injectables than respondents aged <55 years (3% vs 20%,
P=.02).

Physical Activity and Sleep Quality

Gym membershipswere held by 17% (15/86) of the participants.
On the basis of data retrieved from the Fithit, on average,
participants took 4955 steps per day. They aso self-reported
an average of 2 (SD 2.3) days of exercise per week on the
guestionnaires, with an average session lasting for 50.8 min
(SD 31.4, range 10-124). Fitbit data showed participants slept
for an average duration of 6.7 hours/ per day (SD 1.7) and
self-reported that they had troublefalling asleep for an average
of 2.3 (SD 2.7) nightsin atypical week. Although steps taken
and minutes asleep increased from week 1 to week 2 (4903 vs
5011 steps/day) and (396 vs 404 min), these differences were
not statistically significant (P=.63 and P=.11, respectively).
Similar nonsignificant results were observed when respondents
aged <55 years (mean steps=4846.4, minutes of sleep=393.4)
and respondents aged =55 years (mean steps=5103.1, minutes
of sleep=411.6) were compared on mean steps walked and
minutes slept (P=.70 and P=.45, respectively).

Negative correlations between BMI and the Fitbit-generated
mean number of steps (r=—.24, P=.03) and household income
and the Fitbit-generated number of minutes asleep (r=-.28,
P=.02) were observed. In contrast, a positive correlation
between employment status and the Fitbit-generated mean
number of steps (r=.32, P=.005) was observed. Age, gender,
race, marital status, and education did not correlate significantly
with either of the Fitbit-generated parameters.

Among the T2DM characteristics and disease management
parameters, use of oral T2DM medication positively correlated
with the Fitbit-generated number of steps (r=.35, P=.001),
whereas being unaware of the HbA ;. level negatively correlated
with the Fitbit-generated number of minutes asleep (r=—.24,
P=.04). HbA . level was not significantly correlated with the
Fitbit-generated mean number of steps (r=.16, P=.17) or minutes
asleep (r=—.21, P=.07). The association between length of
diagnosis and Fitbit-generated mean number of steps (r=.20,
P=.86) and Fitbit-generated mean minutes of sleep (r=—.04,
P=.77) were not significant. Similarly, the association between
use of insulin and Fitbit-generated mean number of steps (r=.15,
P=.21) and Fitbit-generated mean minutes of deep (r=-.13,
P=.28) were not significant. Hypoglycemic events in the past
12 months did not correlate significantly with either of the
Fitbit-generated mean number of steps (r=.03, P=.82) and
Fitbit-generated mean minutes of deep (r=.21, P=.07).
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Table 1. Sociodemographic characteristics of participants.

Variable Participants (n=86)
Agein years, mean (SD) 54.3 (13.3)

Body mass index, mean (SD) 35.8(8.9)

Female, n (%) 50 (58)

White race, n (%) 80 (93)

Employed, n (%) 34 (40)

Married, n (%) 51 (59)

Completed university, n (%) 24 (28)

Incomerange, n (%)

<US $15,000 13(19)
US $15,000 to <US $25,000 6(7)
US $25,000 to < US $35,000 10 (12)
US $35,000 to < US $50,000 17 (20)
US $50,000 to < US $75,000 20 (23)
US $75,000 to < US $100,000 9(11)
US $100,000 to < US $125,000 5(6)
US $125,000 to < US $150,000 3(4)
US $150,000 to < US $200,000 1(2)
US $200,000 to < US $250,000 -

US $250,000+ -
Declined disclosure 2(2

Comorbidities, n (%)

Diagnosed with a cardiovascular or heart disease 9(11)
Diagnosed with a chronic pulmonary disease 4(5)
Diagnosed with sleep apnea 23(27)
Diagnosed with insomnia 12 (14)

Table 2. Type 2 diabetes mellitus characteristics and mode of disease management.

Variable Participants (n=86)
Diagnosis length in years, mean (SD) 9.7 (7.0)

HbA 1.2 value, mean (SD) 7.1(L4)

Uses oral T2DMP medication, n (%) 80 (93)
Usesinsulin, n (%) 24 (28)

Unaware of HbA 1. value, n (%) 17 (20)

Reported a hypoglycemic event in the past 12 months, n (%) 35 (41)

Reported a nocturnal hypoglycemic event in the past 4 weeks, n (%) 5(6)

Timing of hypoglycemic event, n (%)
Day 8(62)
Night 5(39)

8HbA ¢ glycated hemoglobin.
PT2DM: type 2 diabetes mellitus.
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Similarly, nocturnal hypoglycemic events in the past 4 weeks
did not correlate significantly with Fitbit-generated mean
number of steps (r=-.03, P=.79) and Fitbit-generated mean
minutes of sleep (r=-.11, P=.35). The association between the
number of patient-reported days exercised in atypical week and
the number of mean steps generated by the Fitbit device was
strong (r=.60, P<.001). However, patient-reported sleep issues
were only weakly correlated with the sleep variables measured
by Fitbit. In general, the number of nights that patients had
trouble falling asleep in a typical week was associated with
more time spent in bed, based on Fitbit-generated data (r=.28,
P=.02). Thus, patient-reported outcomes and Fitbit data were
more strongly associated when parameters pertaining to physical
activity were measured than when sleep variables were assessed.

Discussion

Relevance of ThisWork

Wearable devices have reshaped the way patient data are
collected and analyzed. These devices provide a simple and
relatively cheap alternative for data collection, as opposed to
complex, expensive instruments present in hospitals. They also
offer instant reporting to physicians, which is beneficia to
monitor the chronically ill and the elderly, to avoid untoward
health incidences [31]. Currently, most clinical and research
data are collected via patient-reported questionnaires. Such
self-reporting is often prone to bias, resulting in under- or
over-reporting, which affects the study’s reliability [32].
Therefore, utilization of data-driven, mechanical devices, such
as wearables, can decrease self-reporting bias, enhance data
integrity, and reduce reproducibility issues between studies.
Furthermore, the difference in HR measures between Fitbit
Charge HR and an electrocardiogram was found to be negligible
(59.3 vs 60.3 bpm) [33]. In addition, the device showed high
accuracy (91%) and sensitivity (97%) in detecting sleep,
although the sleep duration was negligibly overestimated by 8
min [33]. These advantages are a reason to push for greater
implementation of wearable technology in the clinical setting.

Several studies have established that physical activity and sleep
regulation are critical components of lifestyle and behavior,
which impact long-term outcomesin patientswith T2DM [3-7].
Therefore, efficient means of tracking these variables can
facilitate monitoring by both physiciansand patients. However,
the use of wearables is becoming increasingly common;
consequently, it isimportant to study the associations between
patient-reported and device-reported data so that they can be
synthesized and reported as part of quality of life databases.
Principal Findings

This study was conducted to determine the associ ation between
Fitbit-generated data and patient-reported outcomes pertaining
to diabetes, physical activity, and sleep patternsin patientswith
T2DM. Participants reported a mean HbA,. value of 7.1%,
exercising 2 days per week, and sleeping 6.7 hours per day,
whereas Fithit data showed the participants walked 4955 steps
per day and had trouble sleeping 2.3 times a week. The
association between self-reported and Fitbit-generated datawas
stronger for physical activity than for sleep quality.
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Comparison With Previous Research

The results of this study corroborate previous work that has
found positive correlations between data collected via Fithit
and objective tools for physical activity and sleep quality
[23,25,26,28]. In general, physical activity parameters can be
standardized by adjusting the Fithit's settings. As parameters
such asweight, height, and stride length are proneto fluctuation,
measuring these parameters consistently at the same time each
day or for an adequate duration as instructed in the device's
manual will result in accurate readings for the user. However,
sleep quality measurements are prone to error, as they are
influenced by a variety of patient parameters, not all of which
can be accounted for by changing the settings on the device. In
our study, the weak correlation between patient-reported
outcomes and Fithit sleep data is most likely the result of
under-reporting of sleep disturbances by patients with T2DM;
a phenomenon that has been reported in the literature [12].
However, this does not necessarily mean that the Fithit dataare
correct; specifically, previous  work comparing
polysomnography (the gold standard) and Fitbit have found that
the latter is less accurate than the former.

Patients could see their daily step count on the Fithit's screen,
whereas viewing deep data required access to the Web
dashboard or mobile app. This may have resulted in patients
tracking their step count on Fitbit more closely than sleep
quality, leading to increased awareness and thus, a higher
correlation for physical activity, but not sleep qudlity,
parameters.

Nevertheless, this study adds to a growing body of literature
[34-36] that supportsthe use of wearable devicesas an important
data collection tool when the use of gold standards, such asthe
doubly-labeled water technique for EE [37] or polysomnography
for sleep, is not practical. Moreover, if this study’s results are
replicated in studies on larger populations, wearable devices
could potentially be used to collect detailed and objective
HRQoL data on alarge scale by organizations such as PCORI
[22].

Type 2 Diabetes M ellitus and Wear ables

Due to the short duration of the study, we did not observe any
changein HbA . levelsafter initiation of the program. However,
as observed previously [38,39], alonger program might result
in weight, BMI, and HbA ;. reduction. Although we observed
a100-odd increase in steps from week 1 to week 2, abeneficial
effect in T2DM patients would be visible only if rigorous
physical activity is performed for a long duration. Constant
communication and encouragement through personalized
messages has been shown to result in higher physical activity
and reduced HbA ,; levels, as compared with patients who did
not receive such messages [39,40]. Maobile apps such as DiaFit
or MyCarolinas Tracker, which integrate physical activity,
glucose level, nutrition, and medication data for easy review
by health care providers, can a so be used to communicate with
patients [41,42]. In future, such personalized and secure
communication between patients and health care providers could
decrease the current diabetes epidemic.
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Challengesfor Wear ables

Despite their numerous advantages, the use of wearables for
large-scal e data collection presents certain drawbacks as well.
Currently, the monetary costs associated with Fitbit may
preclude its use in many situations. For example, wearable
devices could replace patients physica activity—related
outcomes for randomized clinical trials, where data precision
is paramount. However, due to the costs associated with their
use, wearables may not be optimal for use in large
epidemiological studies. Patient adherence also plays an
important role, as not wearing or charging the device leads to
the problem of missing data, and these devices may yield
inaccurate dataif they are worn incorrectly. Furthermore, awide
range of wearable devicesis available to consumers, and each
of these differ in terms of the mechanisms and algorithms they
useto estimate health behavior data[23,25]. Thus, data collected
from these different devices can only be analyzed and interpreted
correctly onceacertain level of standardization between sources
has been achieved.

Limitations

As this was a pilot study, the size of the population assessed
was small. It is possible that alarger sample size may stabilize
the correlations observed. Moreover, those who responded to
the surveys tended to be younger and were more likely to be
female than the target population, which may limit the external
validity of the findings. Although people who did not respond
were not pursued for an explanation, we can certainly speculate
the reasons/s for nonparticipation. It is possibl e that the NHWS
participants to whom we sent the email invitation did not have
sufficient time to devote to the survey, or were not interested,
or aready had a wearable fitness tracker. Moreover, from the
respondents who agreed to participate, it is possible that many
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did not activate their Fitbit devices because they did not find
the additional compensation (US $25) reasonable.

In addition, the clinical characteristics pertaining to T2DM
reported by patients were not verified by physician charts.
Moreover, aswith most patient-reported outcomes, the measures
used in this study were also subject to several biases that, due
to their variability, could not be accounted for in the study
design. Thisstudy did not collect the number of stepstaken per
day from the patient’s perspective. Furthermore, it was not
possible to verify whether every respondent wore the device
correctly or adequately charged the device for the duration of
the study. Therefore, the accuracy of the Fitbit device could not
be assessed. For data analysis only, descriptive bivariate
analyses were conducted; regression modelswere not used due
to the pilot nature of the study and the small sample size.
Moreover, confounders were not analyzed while measuring
physical activity or sleep duration. It should be noted that a
variety of confounders are likely to have an impact on HRQoL
(eg, comorbidities), physical activity (eg, BMI), and sleep
quality (eg, experiencing sleep problems).

Conclusions

This study found that patient-generated health data from the
Fitbit and patient-reported outcomes are positively correlated
for physical activity and sleep parameters in patients with
T2DM. Therefore, data collection through wearables can
dramatically increase the level of patient-monitoring and help
physicians deliver better care, resulting in enhanced
patient-reported outcomes. Should additional studies support
these results, it is possible that data collected from wearable
devices could be incorporated into research databases, such as
PCORnet, in the future.
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Abstract

Background: Influenza infections can spread rapidly, and influenza outbreaks are a major public health concern worldwide.
Early detection of signs of an influenza pandemic is important to prevent globa outbreaks. Development of information and
communications technologies for influenza surveillance, including participatory surveillance systems involving lay users, has
recently increased. Many of these systems can estimate influenza activity faster than the conventional influenza surveillance
systems. Unfortunately, few of these influenza-tracking systems are available in Japan.

Objective: This study aimed to evaluate the flu-tracking ability of Flu-Report, a new influenza-tracking mobile phone app that
uses a self-administered questionnaire for the early detection of influenza activity.

Methods: Flu-Report was used to collect influenza-rel ated information (ie, dates on which influenzainfections were diagnosed)
from November 2016 to March 2017. Participants were adult volunteers from throughout Japan, who also provided information
about their cohabiting family members. The utility of Flu-Report was evaluated by comparison with the conventional influenza
surveillance information and basic information from an existing large-scal e influenza-tracking system (an automatic surveillance
system based on electronic records of prescription drug purchases).

Results: Information was obtained through Flu-Report for approximately 10,094 volunteers. In total, 2134 participants were
aged <20 years, 6958 were aged 20-59 years, and 1002 were aged =60 years. Between November 2016 and March 2017, 347
participants reported they had influenza or an influenza-like illness in the 2016 season. Flu-Report-derived influenza infection
time series data displayed a good correlation with basic information obtained from the existing influenza surveillance system
(rho, p=.65, P=.001). However, the influenza morbidity ratio for our participants was approximately 25% of the mean influenza
morbidity ratio for the Japanese population. The Flu-Report influenza morbidity ratio was 5.06% (108/2134) among those aged
<20 years, 3.16% (220/6958) among those aged 20-59 years, and 0.59% (6/1002) among those aged =60 years. In contrast,
influenzamorbidity ratios for Japanese individuals aged <20 years, 20-59 years, and =60 years were recently estimated at 31.97%
to 37.90%, 8.16% to 9.07%, and 2.71% to 4.39%, respectively.

Conclusions:. Flu-Report supports easy access to near real-time information about influenza activity via the accumulation of
self-administered questionnaires. However, Flu-Report users may be influenced by selection bias, which is a common issue
associated with surveillance using information and communications technologies. Despite this, Flu-Report has the potential to
provide basic data that could help detect influenza outbreaks.

(JMIR Mhealth Uhealth 2018;6(6):€136) doi:10.2196/mhealth.9834
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Introduction

Seasonal influenza outbreaks cause 250,000-500,000 deaths
worldwide annually and are amajor public health concern [1].
Because influenzainfections can spread rapidly, early detection
of signsof aninfluenza pandemicisimportant to prevent global
outbreaks. In Japan, the official sentinel surveillance system
for influenza takes 1-2 weeks to report data on the intensity of
influenza activity [2]. Globally, development of information
and communications technologies for influenza surveillance
has recently increased [3-5]. These systems can estimate
influenza activity faster than the conventional influenza
surveillance systems. Unfortunately, few influenza-tracking
systems using information and communications technologies
are available in Japan. However, a large number of Japanese
households are connected to the internet, and 71.8% of
households have amobile phone[6]. Therefore, amobile phone
app focused on collecting influenza-related information may
be ableto monitor influenzaactivity more easily and faster than
the conventional surveillance systems. “Flu-Report,” a new
flu-tracking iPhone app, was developed by the Department of
General Medicine, School of Medicine, Juntendo University,
and launched in November 2016. Flu-Report collects
influenza-related information directly from users based on a
self-administered questionnaire. This study aimed to evaluate
the flu-tracking ability of Flu-Report.

Methods

Ethics Statement

All volunteers who wanted to join the study downloaded
Flu-Report (for free) from theiPhone App Store, read the written
informed consent document included in the app, and checked
the“Agree” button on the consent form. Participants were able
to withdraw from the study at any time. The study protocol was
approved by the Ethical Review Board of Juntendo University
(#2017007).

Flu-Report

Flu-Report, anew flu-tracking iPhone app, was devel oped with
“ResearchKit,” an open source framework (Apple, One Apple
Park Way, Cupertino, CA, USA). Japanese users can download
Flu-Report free of charge from theiPhone App Store. Flu-Report
collects information about influenza virus infections based on
a self-administered questionnaire. The main survey itemswere
sex, age, home postal code, and influenza infection status.
Screenshots of the survey report are shown in Multimedia
Appendices 1 and 2. Information was aso collected on any
relatives who lived with participants, including the age and
influenza infection status of each relative. In addition, when a
participant or their relative developed physician-diagnosed
influenza, information about the type of influenzaand the names
of prescribed antiviralswere collected. In Flu-Report, influenza
infections are defined as influenza diagnosed by a physician or
antiviral medication prescribed by a physician. Self-reported

http://mhealth.jmir.org/2018/6/e136/

influenza virus infections that did not meet these criteriawere
defined as influenza-like illnesses (ILI).

Study Population

This prospective observational study evaluated the use of
Flu-Report to investigate influenza virus infections in Japan
from November 2016 to March 2017. All iPhone usersin Japan
aged =20 years who agreed to join the study were able to
participate in our survey. To recruit volunteers, we advertised
Flu-Report on TV programs, posted articles about Flu-Report
on the internet, and displayed posters about Flu-Report at
cooperating medical facilities.

Data Collection

Participants who agreed to participate in the survey were
encouraged to complete the influenza questionnaire on their
iPhone. All participants were instructed to enter demographic
information (age, sex, and home postal code). Subsequently, if
a participant or their registered family members developed an
influenzainfection, participants entered additional information
into the questionnaire, namely: onset date, name of prescribed
antiviral medicines, and symptoms. Participants were expected
to report as soon as possible when they or their relatives
developed an influenza infection. However, participants could
report that they had developed an influenzainfection at alater
date. Flu-Report also issued a message on the iPhone screen
each month to remind participants to report any influenza
infection. Participants could select the brand name of any
prescribed antiviralsfrom alist provided: oseltamivir phosphate
(Tamiflu), zanamivir hydrate (Relenza), laninamivir octanoate
hydrate (Inavir Dry Powder Inhaler), peramivir hydrate
(RAPIACTA), others, and unknown. Participants were also
asked to select symptoms of influenzainfection from adisplayed
list: fever, cough, muscle pain, malaise, headache, sore throat,
sneezing, runny nose, chills (enough to wear a coat), chills
(requiring a thick blanket), chills (cannot stop trembling), and
all symptoms. Screenshots of the influenza questionnaire are
shown in Multimedia Appendix 2.

This study analyzed participants' background information and
influenza virus infection status data. Inclusion and exclusion
criteriaare shownin Figures 1 and 2. Figure 1 shows the number
of people who agreed to participate, the number of participants
excluded, and the number of participants included in the final
analysis. Initially, information for 5595 participantsand 10,969
cohabitating relatives was entered in Flu-Report.

Reasonsfor exclusion wereinsufficient information, duplicated
information, and withdrawa of consent. Finally, 4763
participants (2681 men; 2057 women; unknown 25) and 5331
cohabiting relatives were included, giving a total of 10,094
participants for the analysis.

Figure 2 showsthe number of participantswith influenzaor ILI
who registered, the number of participants who were excluded,
and the number of participants finally analyzed in this study.
Of these, 334 participants were considered to have been infected
with influenzavirus, and 13 were classified asILI.
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Figure 1. Inclusion and exclusion criteria for subjects who input basic information into Flu-Report.
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Figure 2. Inclusion and exclusion criteriafor subjects who input influenza-related information into Flu-Report.

487 participants who input influenza-related information into Flu-
Report between November 2016 and March 2017 were included
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68 participants with insufficient data
were excluded

19 participants with duplicated data
were excluded

A4

17 participants who decided they no longer wanted to
to participate were excluded

v

h 4

32 participants whose basic information could not be
combined with other data
were excluded

In total, 351 participants were included 343
were infected once, and 4 were infected twice

347 participants were analyzed

Data Handling

First, information about seasonal influenza activity obtained  automatic surveillance system based on electronic records
via Flu-Report was compared with basic information from a
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real-time prescription surveillance system [7,8]. Japan recently
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regarding prescription drug purchases). This system
automatically collects information about prescriptions of
antiviral medication from the electronic prescription record
system (including information from over 10,000 pharmacies)
and estimates the number of influenza cases based on this
information. This system has been shown to be able to detect
influenzaactivity earlier than the conventional influenza survey
systems, and the results displayed a good correlation with data
for influenza epidemics obtained using the conventional
influenza survey systems [7]. In Japan, influenza activity is
shown as the number of individuals with influenza during a
specific period of time. To evaluate trends in influenza activity,
the correlation between Flu-Report-derived influenzainfection
time series data and basic information obtained from the
real-time prescription surveillance system was estimated. In
addition, trends for morbidity and influenza activity were
evaluated using data for participants, data for cohabiting
relatives, and combined data for participants and cohabiting
relatives. We analyzed data using the “date diagnosed with
influenza’ that participants entered into Flu-Report. Second,
the research period was divided into 3 periods (first to third
periods) every 4 weeks, and 2 periods every 5 weeks (fourth
and fifth periods) according to the calendar. We have shown
the distribution of subjects with influenza or ILI in Flu-Report
and the real-time prescription surveillance system for each
period. The distribution was cal culated by dividing the number
of participants with influenza or IL1 in each period by the total
number of participants with influenza or ILI for all periods.
Third, the accuracy of the self-reported information about
influenzaand IL| provided via Flu-Report was eval uated through
comparison with recent estimates of the number of influenza
patients in Japan. The estimated number of patients with

Fujibayashi et a

influenza in Japan was calculated based on reports from the
Japanese Ministry of Internal Affairsand Communicationsand
the Ministry of Health, Labour and Welfare[9,10]. In our study,
we defined influenza cases per observed persons as the
“morbidity ratio.”

Statistical Analysis

The correlation between the 2 collection systems was estimated
using Spearman rank correlation coefficient. All calculations
were performed using the statistical software IMP Pro version
11 (SAS Institute Inc, Cary, NC, USA). P<.05 was considered
statistically significant.

Results

Trendsin Influenza Activity

Figure 3 shows the correlation between Flu-Report data and
basic information from the real-time prescription surveillance
system regarding trendsin influenza activity. Flu-Report-derived
influenzaand ILI infection time series data (the combined data
for participants and cohabiting relatives) were significantly
associated with basic data for the real-time prescription
surveillance system (rho, p=.65, P=.001). In addition, asimilar
tendency was found when using data for participants and data
for cohabiting relatives (p=.54, P=.009; p=.72, P<.001,
respectively; see Multimedia Appendix 3 for raw data).

In total, 64.6% (224/347) of influenza-infected participants
registered their information on the day of their diagnosis or the
next day, and 79.3% (275/347) registered their information
within 3 days. Approximately 92.8% (322/347) of participants
registered their information within 7 days (data not shown).

Figure 3. The correlation between Flu-Report data and basic information for the real-time prescription surveillance system.
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Table 1. Influenzamorbidity ratios for study participants based on Flu-Report. All datawere drawn from Flu-Report as entered by participantsin this
study.
Age, years Participants, N Participants affected by influenza, n (%) Participants affected by I1LIZ, n (%)
<20 2134 108 (5.06) 4(0.19)
<1 107 1(0.9) 0(0.0)
1-5 522 27(5.2) 1(0.2)
6-12 808 46 (5.7) 1(0.2)
13-19 697 34 (4.9) 2(0.3)
20-59 6958 220 (3.16) 9(0.13)
20-29 1705 78 (4.57) 5 (0.29)
30-39 1694 61 (3.60) 1 (0.06)
40-49 2103 60 (2.85) 3(0.14)
50-59 1456 21 (1.44) 0(0.00)
260 1002 6 (0.60) 0(0.00)
60-69 621 2(0.3) 0(0.0)
70-79 233 3(L3) 0(0.0)
>80 148 1(0.7) 0(0.0)
Total 10,094 334(3.31) 13(0.13)

4LI: influenza-like illness.

Table 2. Estimated influenza morbidity ratios for the general Japanese population according to age, based on Japanese Government reports. All data
were drawn from reports of the Japanese Ministry of Internal Affairs and Communications and the Ministry of Health, Labour and Welfare.

Age, Population of Japanin  Estimated number of patientswith  Estimated number of patientswith ~ Estimated number of patients with
years 20162 N influenza during 2013-20142 n (%)  influenzaduring 2014-2015% n (%) influenzaduring 2015-2016%, n (%)
<20 21.74 8.24 (37.90) 6.95 (31.97) 7.95 (36.57)

20-59 62.16 5.07 (8.16) 5.64 (9.07) 5.40 (8.69)

260 42.85 1.16 (2.71) 1.88 (4.39) 1.65 (3.85)

Total 126.76 14.46 (11.41) 14.47 (11.42) 15.02 (11.85)

3per million people.

Multimedia Appendix 4 shows the distributions of participants
with influenza or IL1 during each period. The distribution of
participants in Flu-Report appeared to be greater than thosein
the real-time prescription surveillance system in the first and
second periods and less in the fourth and fifth periods (see
Multimedia Appendix 3 for raw data).

Influenza M or bidity Ratios

Table 1 showstheinfluenzamorbidity ratiosfor our participants.
Table 2 shows morbidity ratios for the Japanese popul ation.

The age distribution of our participants was as follows: 2134
(21%) aged <20 years, 6958 (69%) aged 20-59 years, and 1002
(10%) aged =60 years. The estimated number of patients with
influenza in Japan was calculated based on reports by the
Japanese Ministry of Internal Affairsand Communicationsand
the Ministry of Health, Labour and Welfare [9,10]. The
influenza morbidity ratio from Flu-Report was 5.1% among
those aged <20 years, 3.2% among those aged 20-59 years, and
0.6% among those aged =60 years. In contrast, the influenza
morbidity ratiosfor Japaneseindividuals aged <20 years, 20-59

http://mhealth.jmir.org/2018/6/e136/

RenderX

years, and =60 years were 32.0%-37.4%, 8.2%-9.1%, and
2.7%-4.4%, respectively.

Discussion

Principal Findings

This study investigated the utility of Flu-Report, a new
flu-tracking iPhone app, to monitor influenza activity.
Flu-Report gathered information for over 10,000 participants.
Wefound that Flu-Report-derived influenzainfection time series
data showed a good fit with equivalent information obtained
by an existing large-scale real-time prescription surveillance
system. Therefore, Flu-Report may be an effective tool for
real-time detection of influenza cases. To our knowledge, this
isthefirst report about a new influenza-tracking system based
on an iPhone app developed using “ResearchKit” in Japan.

Surveillance of influenza activity is generally labor-intensive.
For influenza surveillance, the annual influenzaactivity survey
in Japan is conducted with the cooperation of about 5000
medical institutions. The advantage of Flu-Report isthat alarge
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amount of information can be obtained through a small amount
of capital and labor. A previous study revealed that a mobile
phone-based data collection system delivered data faster,
produced fewer errors, and had lower running costs than a
paper-based data collection system [11]. Therefore, surveillance
of influenza activity viaamobile phone app isafeasible option
for research under financial constraints. Incidentally, in our
study, influenzamorbidity ratiosfor individual s aged <20 years,
20-59 years, and =65 years obtained using Flu-Report were
lower than influenza morbidity rates among equival ent sections
of the Japanese population (approximately one-seventh,
one-third, and one-seventh, for the 3 age groups, respectively).
Regarding flu morbidity, the older age group had a lower
morbidity ratio in both Flu-Report and surveillance information,
suggesting that Flu-Report collected influenza devel opment by
age category to some extent. However, our results also suggest
that Flu-Report has some limitations associated with influenza
surveillance using information and communications
technologies. A previous report showed that nowcasting and
forecasting ILI using Web queries have different correlations
in different age categories [12]. That report will help in
interpreting our results in that use of information and
communications technol ogies on personal devices vary by age
categories (ie, adults frequently use a mobile phone, whereas
older adults do not). This means that the user population of
Flu-Report is affected by selection bias, that is, biasthat occurs
when selecting individual s or groupsto participate in the study.
Moreover, we speculate that study participants were more
concerned about the flu and more frequently used information
and communications technol ogies compared with the general
Japanese population. Therefore, participants age and
heal th-conscious behaviors must be considered when evaluating
disease surveillance using information and communications
technology devices.

As mentioned, there are various strengths and limitations to
influenza surveillance systems using information and
communications technologies. Previous reports have shown
that a combination of multiple datasets improves the ability of
models designed to predict influenza outbreaks [13-15].
Combining information obtained using Flu-Report with data
collected using other influenza surveillance systems may
facilitate effective influenza outbreak surveillance.

Limitations

Severa other limitations of this study need to be acknowledged.
First, thisstudy only obtained influenza-related information for
one season. It is known that the epidemic strains of influenza
change each year. Therefore, the extent of the spread of
influenza infections differs each season. Further evaluations
must include additional influenza seasons. Second, our study
contained an insufficient number of participants to alow usto
investigate influenza activity that occurs throughout Japan.
More participants are needed to enhance the effectiveness of
Flu-Report. Ancther limitation was that there were fewer

Fujibayashi et a

influenza infection reports via Flu-Report than expected. In
Flu-Report, many influenza infections were reported earlier in
the influenza season, and influenza infection reports decreased
later in the season. There were some casesin which our reminder
system for influenza infection each month did not work well.
This error may have caused a reduction of infection reports
during the latter part of the influenza season. Finally, all data
were obtained using a self-administered questionnaire, and
participants might have provided inaccurate information.
Unfortunately, it appearsto be difficult to confirm dataaccuracy
or response rates of self-administered survey questionnaires
using mobile apps[16]. Thisisan issueto be resolved in future
surveillance using information and communications
technologies.

Comparison With Prior Work

Various influenza monitoring systems based on the internet,
search engine query data, or Twitter data have recently been
launched [4,5]. These systems can estimate influenza activity
faster than the conventiona influenza surveillance systems.
However, it has been reported that there are discrepancies
between information obtained via the internet, search engine
query data, or Twitter data, and data collected via the
conventional systems [17]. Extensive media reports about
influenza may promote influenza-related searches by people
without influenza, which could have affected the results obtained
using internet-based systems. Flu-Report, which focuses on
only collecting influenza-related information, may be less
influenced by such issues.

Similar influenza participatory surveillance systemsare already
in operation around the world [18-20]. These systems allow
users to report the presence or absence of ILI symptoms each
week, and ask follow-up questions about health care seeking
behavior and diagnosed influenza. However, our system allows
participants to first report information on influenza diagnosis
by a physician and/or antiviral prescriptions. In addition, our
system encourages participants to report on the presence or
absence of influenza infection each month. As an influenza
epidemic survey method, the former systems emphasize
sensitivity, whereas the latter system increases specificity. In
the case of asurvey system targeting seasonal influenza (which
is strongly infectious and prevalent on a large scale in a short
period of time), the former system types are thought to be more
suitable. Flu-Report may be better suited for monitoring diseases
that are not so high in terms of infectivity but are serious when
infected.

Conclusions

Although information obtained via Flu-Report is affected by
selection bias, Flu-Report makesit easy to obtain near real-time
information about influenza activity via the accumulation of
self-administered questionnaires using mobile phone. Flu-Report
has potential to provide basic data that could help to detect
influenza outbreaks.
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Abstract

Background: One of the greatest challenges in nutritional epidemiology isimproving upon traditional self-reporting methods
for the assessment of habitual dietary intake.

Objective: The aim of this study was to evaluate the relative validity of a new method known as the current-day dietary recall
(or current-day recall), based on a smartphone app called 12-hour dietary recall, for determining the habitual intake of a series
of key food and drink groups using afood frequency questionnaire (FFQ) and four dietary records as reference methods.

Methods: University students over the age of 18 years recorded their consumption of certain groups of food and drink using
12-hour dietary recall for 28 consecutive days. During this 28-day period, they also completed four dietary records on randomly
selected days. Once the monitoring period was over, subjects then completed an FFQ. The two methods were compared using
the Spearman correlation coefficient (SCC), a cross-classification analysis, and weighted kappa.

Results: A total of 87 participants completed the study (64% women, 56/87; 36% men, 31/87). For e-12HR versus FFQ, for
all food and drink groups, the average SCC was 0.70. Cross-classification analysis revealed that the average percentage of
individuals classified in the exact agreement category was 51.5%; exact agreement + adjacent was 91.8%, and no participant
(0%) was classified in the extreme disagreement category. The average weighted kappa was 0.51. For e-12HR versus the four
dietary records, for all food and drink groups, the average SCC was 0.63. Cross-classification analysis revealed that the average
percentage of individuals classified in the exact agreement category was 47.1%; exact agreement + adjacent was 89.2%; and no
participant (0%) was classified in the extreme disagreement category. The average weighted kappa was 0.47.

Conclusions: Current-day recall, based on the 12-hour dietary recall app, was found to be in good agreement with the two
reference methods (FFQ & four dietary records), demonstrating its potential usefulness for categorizing individuals according to
their habitual dietary intake of certain food and drink groups.

(IMIR Mhealth Uhealth 2018;6(6):€10409) doi:10.2196/10409
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dietary assessment; food frequency questionnaire; 24-hour dietary recalls; dietary record; mobile phone app
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Introduction

Many epidemiological investigations and intervention studies
do not require acomplete picture of the habitual diet (or average
long-term consumption) [1], as it can represent both an
unnecessary workload for study participants and an avoidable
waste of the scarce resources available for research [2]. The
essential concept of these studies is to determine habitual
consumption of specific key groups of food and drink (hereafter
referred to as ‘food’) [3-9]. Classifying individuals according
to categories of habitual consumption of specific food groups
is sufficient for identifying potential nutritional deficiencies
[10] and for eval uating the rel ationship between relative ranking
and disease [5,8-14], and effectiveness of personalized methods
that are implemented to promote changes in dietary patterns
regarding selected food groups [1,5,8-10,12].

The three principal and traditional self-reporting methods for
determining dietary intake can be classified as follows: (1)
Short-term methods: dietary record (DR) and 24-hour recall.
(2) Long-term methods: food frequency questionnaire (FFQ).
These methods present significant and well-documented
limitations [5,11,15-18]. (1) DRs that require weighing food
reguire too much preparation time and create a large workload
for the study participants, which can lead to deviationsin normal
food intake (especially an underestimation of quantities), as
well as both low participation and completion rates
[5,11,15-17,19,20]. 24-hour recalls require trained personnel
and depend on the short-term memory of participants.
Additionally, a proper picture of habitual diet using short-term
methods requires methods to be repeated multipletimes[16,19],
which increases problemsinherent in these procedures. (2) FFQs
depend primarily on long-term memory of the interviewed
subject, do not account for intrapersonal variation in recording
the daily consumption of food during the study period, and do
not allow a preci se estimation of serving sizes of food consumed.
Due to these limitations, results obtained by these inexact
methods over both the short- and long-term could |ead to inexact
conclusions and incorrect decisions[18].

Newer aternativesfor determining dietary intake include audio
signal processing, inertial sensing, image processing,
non-intrusive near-infrared scanning, and gesture recognition
interfacing [21-24]. Some authors maintain that more research
is needed to devel op these and other tool sthat are more objective
and precise and that resources should be invested to this end
[18]. Until these alternatives are available, digital technologies
for self-reporting methods can, and must, be developed and
utilized [25], as an improvement in traditional self-reporting
methods. This progress constitutes one of the most important
challengesin the field of nutritional epidemiology [4,20].

For these reasons, the need is evident to devel op better methods
that can eventually replace current traditional self-reporting
ones and provide better accuracy in measuring usual dietary
intake of free-living individuals. This upgrade would represent
agreat boon not only to researchers [10] but also to society in
general, considering the critical repercussions from both
epidemiological investigations and interventional studies
regarding the dietary intake of the population at large [25].

http://mhealth.jmir.org/2018/6/e10409/
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The abjective of this study wasto determinethe relative validity
of the new method known as current-day dietary recall (or
current-day recall), based on a smartphone app called 12-hour
dietary recall (e-12HR—previously known as e-Epidemiology
[25]), utilizing reference methods, such as a semiquantitative
FFQ and four estimated DRs, to verify the comparability of
consumption data regarding a list of key food groups in the
three methods.

Methods

Recruitment

Students of the Schools of Medicine and Pharmacy at the
University of Seville (Andalusia, Spain, South of Europe)
participated in this study. Two classes from each School were
randomly selected and one member of the research team
presented the project. Participant recruitment took place from
January to December 2017. Participants were incorporated in
the study progressively during the entire recruitment period so
that every day of the week and every season of the year could
be represented [26]. Participation in the study was incentivized
with araffle that included school materials valued at 250 euros.

Study Sample

The study was presented to 219 students and of those, 26 were
not interested, and 98 did not meet the inclusion criteria. Of the
95 individuals who signed the informed consent, 87 completed
the study. Inclusion criteria: (1) Older than 18 years of age; (2)
a student of the Schools of Medicine or Pharmacy (University
of Seville); and (3) possesses asmartphone with internet access
(3G/4G/Wi-Fi) and Android operating system.

First Interview: Participant Data Collection

The 95 students who were interested and met the inclusion
criteria were scheduled for a first personal interview. The
procedure of theinterview was asfollows: (1) the sameresearch
team member that presented the project personally explained
the research protocol in detail; (2) each participant signed the
informed consent form; (3) each participant was assigned a
personal alphanumeric code; (4) each participant filled out an
initial questionnaire (on paper) with date of birth, date of the
interview, gender, and school; (5) each participant downloaded
thee-12HR app for hisor her personal smartphone; (6) the same
member of the research team personally explained to each
participant how to use the app with a practical demonstration
before written instructions were given to the participants[14,27]
to be consulted later, if necessary; (7) the same research team
member personally gave each student detailed instructions on
how to complete the four estimated DRs and how to estimate
serving sizes consumed using an explanatory pamphl et that was
also given to participants [12,13].

The researcher also insisted that participants maintain their
habitual diet throughout the study.

Completing the 12-Hour Dietary Recall App

The e-12HR app was developed to record daily consumption
of alist of 10 food groups. The list could not be too long to
minimize the workload on participants as well as the research
costs [28]. These food groups were selected as they are
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indicators of health/disease and are considered protective factors
(fruit, vegetables, legumes or fish) or risk factors (soft drinks,
commercial baked foods, and precooked meals) for chronic
illnesses[4,12,29]. They & so provide consumption patternsthat
range from almost every day for every inhabitant of the
population to infrequently for the majority [4] (Textbox 1).

The first time the e-12HR app was used, the participants were
required to introduce their personally assigned alphanumeric
code and the e-mail of the researcher who would receive the
data from the app. Participants were instructed to complete the
app after consuming the last food of the day [14,27]. The
e-12HR app includes a notification option, so that the app can
remind the participant, at the hour previously selected by the
participant (between 20:00 h and 04:00 h), that it is time to
complete the questionnaire. The app was structured according
to food groups to facilitate completion of the e-12HR task. For
each food group, the participant would choose the most
appropriateimage (or images) from aseriesof color photographs
with 2-4 possible options, shown simultaneously [14,27], which
illustrated the different serving sizesto assist with selecting the
number of standard servings consumed [10,12,14,20,27]. To
further assist with estimating serving sizes, each photograph
was accompanied by explanatory text and three objects of
known/predictable size for the students [30,31] (fiducial
markers): a commonly used pencil, pen, and a marker. For
example, on the first screen of the app, the following would
appear: How many pieces of fruit have you eaten today?, with
the Rations button, and Next button and a box with the value
set to O by default. Supposing that the participant had,
throughout the day, consumed an apple and three mandarins,
they would proceed as follows: (1) tap the Rations button; (2)
a new window opens with different photographs of fruit, an
Accept button, and a Cancel button; (3) tap once on the photo
corresponding to the apple and tap three times on the photograph
corresponding to the mandarin; (4) tap the Accept button; (5)

Textbox 1. Questionnaire used in 12-hour dietary recall (e-12HR).

Béjar et a

the app returns to the previous window but the box now has,
instead of the O value, the corresponding number of standard
rations for the fruit selected with the photographs, in this
example, avalueof 2.5 (1 x 1 standard ration + 3 x 0.5 standard
ration); (6) tap the Next button to access the next food group
and proceed asbefore; (7) if an error occurs, the participant can
tap the Cancel button instead of Accept in step 4, starting the
process over again (Figure 1).

The use of activeimages (accompanied by explanatory text and
three reference objects of known/predictable sizefor the students
[fiducial markers]) isthe only modification of e-12HR regarding
the previous version (known as e-Epidemiology). However,
thissingle, apparently simple, modification to the app isactually
an important evolution over the previous version. In fact, the
inclusion of activeimageswas designed with adouble purpose:
on the one hand, to facilitate completion of e-12HR (by tapping
theimagesinstead of directly introducing the number of standard
servings consumed); and on the other to assist with estimating
the quantity consumed (this new version of the app directly
shows 2-4 possible options for serving sizes).

After completing the daily questionnaire with e-12HR, the
information is automatically saved and sent, via 3G/4G/Wi-Fi,
to the e-mail address of the research administrator (entered when
first accessing the app). Once the questionnaire is completed
and sent, the participant cannot change their responses or access
the app until the following day.

The consumption record of the selected food groups on the app
was performed for 28 consecutive days. The time interval
selected is similar to other comparison/validation studies
[8,12,32-34].

The questionnaire and the size of the rations used in e-12HR
are based on a semiquantitative FFQ previously validated for
the population of Spain [35].

. How many pieces of fruit have you eaten today?

. How many portions of vegetables have you eaten today?

How many portions of chicken/turkey have you eaten today?

How many portions of fish have you eaten today?

. How many servings of soft drinks have you had today?

© O N O O~ W N B

10. How many servings of beer have you consumed today?

. How many portions of legumes (lentils, garbanzos, beans, etc) have you eaten today?

How many portions of red meat (beef, pork, lamb) have you eaten today?

. How many portions of commercially produced sweets (not home-made) (cookies/pastries) have you eaten today?

. How many portions of prepared/frozen foods have you eaten today (croquettes, pizza, etc)?

http://mhealth.jmir.org/2018/6/e10409/
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Figure 1. Screen capture of the 12-hour dietary recall (e-12HR).

1. How many pieces of fruit have you
eaten today?

Rations

Completing the Four Estimated Dietary Records

During the 28-day period that e-12HR was in use for each
participant, four estimated DRs (on paper) were scheduled on
randomly assigned, non-consecutive days [9,32]: three days
during the weekdays and one weekend day [9,12,13,32]. The
choice of between three and seven DRsis normally considered
sufficient to evaluate food group intake [9,36]. Four estimated
DRswere chosen instead of weighed DRsfor logistical reasons
[9,12]. In the daily life of the participants that made up the
sample (university studentswho spend alarge part of their days
outside the home at their center of study), weighing food is not
feasible and represents a great workload when compared with
estimating servings consumed.

Each participant, during the first interview, received an
explanation of how to use the estimated DRs and how to
estimate the serving size consumed [12,13], using a pamphl et
with aseries of 2-4 color photographs[10,13,14,27] (one series
for each food group). To assist with estimating serving sizes,
each photograph was accompanied by explanatory text and three

http://mhealth.jmir.org/2018/6/e10409/
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1 standard ration

Ty

A large fiuit (apple, orange, pear, banana, slice of watermelon, etc.)

1/2 standard ration

o

A small fruit (plums, tangerines, etc.)

Accumulated value

Accept Cancel

reference objects of known/predictable size for the students
[30,31] (fiducial markers): a commonly used pencil, pen, and
amarker.

The DRs used were based on a DR previously validated for
another European country [13], but structured according to the
typical Spanish diet (breakfast, lunch, an afternoon snack, and
dinner), and pre-codified with a column that included the same
10food groups selected for the e-12HR. The serving sizeswere
based on a semiquantitative FFQ previously validated for the
Spanish population [35].

Participants were told that they must record the consumption
data on a separate page for each day [7], and immediately after
consuming the food [7,13].

Second Interview: Completing the Semiquantitative
Food Frequency Questionnaire

At theend of the e-12HR data collection period, each participant
was scheduled for a second persona interview at their
convenience. In this interview, the participant was required to
fill out a structured, semiquantitative FFQ (on paper) that
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included the same 10 food groups selected for thee-12HR. The
same research team member who performed the first interview
then explained to each participant, in this second interview, the
process for completing the semiquantitative FFQ, and provided
them with an explanatory pamphlet to estimate what was
considered a standard serving for each food group. This
pamphlet contai ned a photograph of astandard serving for each
food group along with explanatory text and three reference
objects of aknown/predictable sizefor students[30,31] (fiducial
markers): a commonly used pencil, pen, and marker. The time
period considered by the FFQ corresponded to the 28 days of
the app. All participants completed the semiquantitative FFQ
within the first week of finishing the e-12HR app with the
exception of two participants, who completed the FFQ 8 and
11 days later.

The semiquantitative FFQ, as well as standard serving sizes,
was based on a semiquantitative FFQ previously validated for
the Spanish population [35].

Finally, in the second personal interview, participants were
asked how much time, on average, was needed to compl ete the
daily questionnaire on the app. Participants could choose
between various options. Of the total participants, 11% (10/87)
selected the option less than 1 minute per day; 36% (31/87)
selected the option approximately 1 minute per day; 28% (24/87)
chose approximately 2 minutes per day; 17% (15/87) chose
approximately 3 minutes per day; 7% (6/87) chose
approximately 4 minutes per day; and 1% (1/87) chose the 5
minutes per day or more option. Almost half of the participants,
47% (41/87) indicated that the task took 1 minute or less per
day to complete and 75% (65/87) stated that it took 2 minutes
or less. For this reason, the research team considers that the
time necessary to complete the app is, normally, 2 minutes per
day or less.

Legal Considerations

The study was carried out according to the rules established by
the Declaration of Helsinki and the Law on Biomedical Research

[37].

All of the personal information collected in this study was
anonymized in accordance with current Spanish legislation [38].
To achieve this, each participant was assigned a persona
alphanumeric code that they had to enter into the e-12HR app
(only when first accessing the app) and include on the different
paper questionnairesthat were provided: theinitial questionnaire
(personal information), on the four estimated DRs, and on the
semiquantitative FFQ. The personal alphanumeric code was
used to match all of the data pertaining to the participant while
at the same time respecting their anonymity.

Data Conversion

Using the e-12HR app, each participant recorded the number
of standard serving sizes consumed daily for each food group
throughout the 28-day study period. With the four estimated
DRs, each participant collected the number of standard serving
sizesconsumed daily for each food group on four different days
throughout the 28-day monitoring period. On the
semiquantitative FFQ, each participant selected the number of

http://mhealth.jmir.org/2018/6/e10409/

Béjar et a

standard serving sizes habitually consumed for each food group
throughout the 28-day monitoring period.

For each participant, the data from the e-12HR app, the four
DRs and the FFQ had to be expressed in the same categories
of habitual consumption to make comparisons: Less than once
a week; Once or twice a week, 3-4 times a week, 5-6 times a
week; Once or twice a day, and 3 or more times a day. On the
FFQ, these different options for habitual consumption were
already available for the participants to choose from and, as
such, the FFQ data was not modified. Regarding the e-12HR
app, the data needed to be transformed. As an example, one
participant registered an average daily consumption of 0.52
standard servings of legumes over 28 days using the app. This
average consumption represents 3.64 standard servings per week
(0.52 x 7 = 3.64), which would be classified as 34 times per
week [25]. Asfor the four DRs, the information they contained
also needed to be converted [9]. Asan example, one participant
recorded consuming 0, 0.3, and 1 standard piece of fruit on the
DRs during the weekdays and 1.5 standard pieces of fruit on
the DR compl eted at the weekend. This consumption represents
an average daily consumption during weekdays of: (0 + 0.3 +
1)/3 = 0.43 standard pieces. As for weekly consumption, the
conversion was as follows: (0.43 x 5 weekdays) + (1.5 x 2
weekend days) =2.17 + 3 =5.17 standard pieces, which would
then be classified as 5-6 times per week.

To enable making comparisons, the three tools registered the
consumption of the same food groups, used the same standard
servings as a reference and the intake record corresponded to
the sametime period, to avoid possible variationsin the specific
diets during different periods [20,32,39,40].

Statistical Analysis

In this study, when comparing e-12HR with the FFQ and the
four DRs for each of the selected food groups, the association
between the categories of habitual consumption was evaluated
using the Spearman correlation coefficient (SCC) whereas the
degree of agreement between the categories of habitual
consumption was evaluated using cross-classification analysis
and theweighted kappaindex [1,41]. For the cross-classification
analysis, the percentage of participants classified in the same
group was labeled exact agreement; in the same category or
adjacent categories, exact agreement + adjacent; or in opposite
categories, extreme disagreement, using different methods. For
weighted kappa, partial valueswere assigned using the statistical
program Stata: from 1.00 for an exact agreement to 0.00 for
extreme disagreement.

The comparison criteria considered in this study were: average
SCC=0.5[1,32]; average cross-classification percentage in the
exact agreement category =50% [1], in the exact agreement +
adjacent 275% [32], and in the extreme disagreement category
<10%; with an average k=0.41 [1].

The statistical analysis was performed utilizing STATA MP
13.1 (Stata Corp LP, College Station, Texas, USA), and a P
value < .05 was considered statistically significant [42].
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Results

Overview

Of the 95 participants who signed the informed consent, 8 did
not complete the study. Results of these individuals were not
included in later statistical analyses. Participants who did not
complete the study were those who performed the task fewer
than 22 days, did not complete the FFQ and did not complete
the four DRs.

Of the 87 participants who completed the study, 78% (68/87)
completed the task every day (28 days of monitoring), 94%
(82/87) of the participants completed the app at least 24 days,
whereasthe remaining 6% (5/87) compl eted the app for 22 days
(Table 1).

The average age of participantswas 19.2 yearsold; 64% (56/87)
were women, and 36% were men (31/87), and 67% (58/87)
weremedical studentsand 33% (29/87) were pharmacy students
(Table 1). No statistically significant differencesin the variables
studied were found among partici pantswho compl eted the study
and those who did not.

Table 1. Characteristics of study participants.

Béjar et a

12-Hour Dietary Recall Versus Food Frequency
Questionnaire

For all food groups: the average SCC was .70 (per food group,
from .50 [legumes] to .86 [beer]; Table 2). Cross-classification
analysis showed that the average percentage of individuals
classified in the exact agreement category was 51.5% (per food
group, from 37.9% [chicken/turkey] to 70.1% [beer]); exact
agreement + adjacent was 91.8% (per food group, from 85.1%
[sweets] to 96.6% [legumes & prepared foods]; Table 3); and
no participants (0%) were classified in the extreme disagreement
category. The average weighted kappawas .51 (per food group,
from .34 [chicken/turkey] to .66 [fruit & beer]; Table 4).

12-Hour Dietary Recall Versusthe Four Dietary
Records

For al food groups: the average SCC was 0.63 (per food group
from 0.46 [legumes] to 0.83 [fruit]; Table 2). Cross-classification
analysis showed that the average percentage of individuals
classified in the exact agreement category was 47.1% (per food
group, from 31.0% [chicken/turkey] to 66.7% [beer]); exact
agreement + adjacent was 89.2% (per food group, from 83.9%
[soft drinks] to 95.4% [legumes]; Table 3); and no participants
(0%) were classified in the category of extreme disagreement.
The average weighted kappa was 0.47 (per food group, from
0.26 [fish] to 0.72 [fruit]; Table 4).

Characteristics n (%) Mean (SD) 95% CI
Participants who completed the study 87 -a -
Number of days completed the app
28 68 (78.2) - -
27 5(5.7) - _
26 3(34) - -
25 5(5.7) - -
24 1(L1) - -
22 5(5.7) - -
Age (years) - 19.2(3.3) -
Gender
Female 56 (64.4) - 74.4-53.4
Male 31(35.6) - 25.6-46.6
Faculty
Medicine 58 (66.7) - 55.7-76.4
Pharmacy 29(33.3) - 44.3-236
3Not applicable.
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Table 2. Spearman correlation coefficient (SCC) derived from 12-hour dietary recall (e-12HR) versus the food frequency questionnaire (FFQ) and
from e-12HR versus the four dietary records (DRS).

Comparison e-12HR vs FFQ e-12HR vs DRs
ScC P vaue ScC P value

Fruit 0.84 <.001 0.83 <.001
Vegetables 0.80 <.001 0.72 <.001
Legumes 0.50 <.001 0.46 <.001
Chicken/turkey 0.53 <.001 0.60 <.001
Fish 0.65 <.001 0.47 <.001
Red meat 0.69 <.001 0.50 <.001
Soft drinks 0.81 <.001 0.72 <.001
Sweets 0.71 <.001 0.74 <.001
Prepared foods 0.61 <.001 0.60 <.001
Beer 0.86 <.001 0.70 <.001
Average 0.70 N/AZ 0.63 N/A

8N/A: not applicable.

Table3. Cross-classification analysis derived from electronic 12-hour dietary recall (e-12HR) versusthe food frequency questionnaire (FFQ) and from
e-12HR versus the four dietary records (DRs).

Comparison e-12HR vs FFQ e-12HR vsDR

Exact agreement® (%) Exact agreement + adj acent? (%) Exact agreement (%) Exact agreement + adjacent (%)

Fruit 54.0 874 65.5 93.1
Vegetables 494 92.0 391 90.8
Legumes 56.3 96.6 55.2 95.4
Chicken/turkey 37.9 86.2 31.0 874
Fish 48.3 90.8 322 88.5
Red meat 58.6 95.4 391 88.5
Soft drinks 52.9 95.4 575 83.9
Sweets 40.2 85.1 40.2 89.6
Prepared foods 47.1 96.6 44.8 88.5
Beer 70.1 92.0 66.7 86.2
Average 515 91.8 47.1 89.2

3Exact agreement: % of cases cross-classified into the same category.
PExact agreement + adjacent: % of cases cross-classified into the same or adjacent category.
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Table 4. Weighted kappa derived from electronic 12-hour dietary recall (e-12HR) versus the food frequency questionnaire (FFQ) and from e-12HR

versus the four dietary records (DRs).

Comparison e-12HR vs FFQ e-12HR vs DRs
Kappa P value Kappa P value

Fruit 0.66 <.001 0.72 <.001
Vegetables 0.61 <.001 0.51 <.001
Legumes 0.38 <.001 0.34 <.001
Chicken/turkey 0.34 <.001 0.36 <.001
Fish 0.41 <.001 0.26 <.001
Red meat 0.54 <.001 0.34 <.001
Soft drinks 0.59 <.001 0.60 <.001
Sweets 0.48 <.001 0.49 <.001
Prepared foods 0.41 <.001 0.44 <.001
Beer 0.66 <.001 0.63 <.001
Average 0.51 N/AZ 0.47 N/A

8N/A: not applicable.

Discussion

Overview

Current-day recall is a modified 24-hour recall focused on a
series of food groups and completed at the end of every day
during the monitoring period. This method has been designed
to classify individuals according to categories of habitual
consumption of selected food groups and is not intended to be
used to determinetotal food consumption for an individual [25].
This study isthe first time that current-day recall, based on the
e-12HR app, has been compared with two different reference
models, onelong-term (the FFQ) and the other short-term (four
DRs) to determine the utility of this new method as atool for
estimating the usual dietary intake of a series of food groups.

Reference Methods

Evaluating the true validity of a method requires measuring,
with a high degree of accuracy, the habitual diet of free-living
individuals during a prolonged period of time, which is not
feasible [1]. As a result, the researchers of this study have
evaluated the relative validity of the method by comparing it
with an alternative method of dietary assessment, with its own
limitations [1]. Given that none of the comparison methods are
perfect [5,8,39,43], as all are subjective, it is of crucia
importance for their errors to be as independent as possible to
avoid falsely attributing validity to the method in question
[5,6,8,16,20,34,44]. For this reason, the research team
considered the FFQ and DRs to be possible reference methods
and not 24-hour recalls (current-day recall isamodified 24-hour
recall). As neither the FFQ nor the DRs can be considered
definitive reference methods, the research team selected both
methods for this validation study. Aware that the quantity of
work for participants could be excessive, a semiquantitative
FFQ was selected (to be completed at the end of the e-12HR
monitoring period) and four DRs (estimated).

http://mhealth.jmir.org/2018/6/e10409/

Principal Results

12-Hour Dietary Recall Versusthe Food Frequency
Questionnaire

For al food groups: the average SCC was 0.70 (in 10/10 food
groups SCC=0.50[1,32]). Cross-classification analysis showed
that the average percentage of individuals classified in the
category of exact agreement was 51.5% (in 5/10 food groups
>50% [1]); exact agreement + adjacent was 91.8% (10/10 food
groups =75% [32]); and no participants (0%) were classified in
the category of extreme disagreement [1]. The average weighted
kappa was .51 (in 8/10 food groups k=0.41 [1]). These values
indicate good agreement between the two methods [1,32]).
Values obtained were very similar to those from previous studies
with the older version of the e-12HR app, which did not use
photographsto facilitate estimation of servings consumed [45].

12-Hour Dietary Recall Versusthe Four Dietary Records

For al food groups: the average SCC was 0.63 (in 8/10 food
groups SCC=0.50[1,32]). Cross-classification analysis showed
that the average percentage of individuals classified in the
category of exact agreement was 47.1% (in 4/10 food groups
>50% [1]); exact agreement + adjacent was 89.2% (10/10 food
groups =75% [32]); and no participants (0%) were classified in
the extreme disagreement category [1]. The average weighted
kappawas 0.47 (in 6/10 food groups k=0.41 [1]). These values
indicate good agreement between the two methods[1,32]). This
is the first time that the e-12HR app has been compared with
the DRs and as such there are no prior results for reference.

It isimportant to note that the cross-classification analysis and
k depend on the number of categories used [1]. With the goal
of reducing this dependence when evaluating the degree of
agreement between different methods, the six original categories
could have been reorganized into three [1,8,25], four [32,33]
or five [46,47], as other authors have done. Notwithstanding,
this research team preferred to maintain six categories for the
statistical analysis [45] as a greater number of categories of
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habitual consumption provides compact information on the
ability of methodsto assign individuals according to agreement
with the distribution of dietary intake [46]. Comparison criteria
applied to this study were also considered by Masson et al [1]
and Forster et al [32]. However, considering that these authors
only used three and four categories of habitual consumption,
respectively, the demands of this study are much more
restrictive. In this study, the classification of the exact agreement
categories suffered especially, whereas the criteria used by
Mason et al (exact agreement >50%) was defined by three
categories versus the six considered here.

The results demonstrate good agreement between e-12HR and
both reference methods (FFQ and DRs). Nevertheless, certain
disagreement was observed with the app. Regarding the FFQ:
the average cross-classification analysis showed that 8.2% of
participants were classified at a distance of 2—4 categories. As
for the DRs: the average cross-classification analysis showed
that 10.8% of participants were classified at a distance of 2-4
categories. The three methods (e-12HR, FFQ, and DRs) are all
based on self-admini stered and anonymized questionnaires and
use the same color photographsfor directly estimating servings.
Because these questionnaires were both self-administered and
anonymized (with the use of alphanumeric codes), they enabled
researchersto avoid information biases, such as obsequiousness
bias and researcher bias in al three methods. Using the same
photographs also favors the same precision in the three methods
when estimating servings. In this sense, each participant serves
as their own control, thereby minimizing differences when
considering servings consumed. In any case, consumption
frequency seemsto have agreater impact on dietary intake than
on serving size[5,9].

However, differences between the three methods are factors
that could potentially contribute to the discrepancies observed.
Thefundamental differences between the methods are centered
on both the regularity in collecting data on dietary intake and
the format used in the questionnaires.

Regularity in Collecting Data on Dietary | ntake

With DRs, the collection of datawas performed after consuming
each food group throughout the four days selected; with the
e-12HR app, data collection takes place at the end of each day
during the 28-day monitoring period; in the FFQ, data was
collected at the end of the monitoring period. These differences
in regularity mean that the accuracy of theinformation depends
on both the memory of the participant and the daily variation
in dietary intake among free-living individuals.

With DRs, dependance on memory is not an issue [12]; the
e-12HR app is short-term memory dependent; while FFQs
depend on long-term memory.

The e-12HR does not interfere with daily variation as it is
completed every day; however, an effect is seen on the FFQ,
with only one point of data collected, and the DRs, where data
is collected sporadically (only 4/28 days during the monitoring
period).

http://mhealth.jmir.org/2018/6/e10409/
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Format Used in Questionnaires

The app isdigital and both the FFQ and DRs are completed on
paper. Paper formats are typically associated with errors such
as unanswered questions, questions with multiple responses
[10] (FFQ), and not registering the quantity consumed for some
of the different food groups selected (DRs) [48]. In addition,
the information on paper questionnaires must be converted
subsequently to digital format for analysis, which increases both
the workload and costs for the research team [17,40]. Online
FFQsand DRs, or even smartphone apps, offer direct solutions
to these limitations [10,13,20,30-32,40,49-53], by reducing
paper waste and mailing costs, and removing the need for secure
storage space and organization inherent with paper documents
[50]. Additionally, online administrative methods can be used
to gain accessto specific population groupsthat would otherwise
be difficult to study due to geography, for example, asthey can
be used remotely [32]. Despite the potential advantages of
utilizing FFQs and DRs in digital format, in the end it was
decided to use paper formats in this study. The research team
took into account that evidence shows that data collected from
smartphone apps and both Web-based FFQs and DRs are
comparable with data from paper formats
[7,14,16,27,29,31-34,40,46,54]. The team also considered the
characteristics of this study and the potential disadvantages of
developing FFQs and DRs in a digital format that could
outweigh the possible benefits. In fact, in this study, the
paper-based FFQ and the DRswere very short and simple (they
only contain 10 food groups), and the sample populationis made
up of students at the Schools of Medicine and Pharmacy at the
University of Seville, which was easily accessible for the
research team.

The simplicity of the paper-based FFQ and DRs minimized
possibleerrors, the amount of paper used, problemswith storage
space, and costs associated with data conversion. These costs
were minimal when compared with the potential costs of
developing an online or smartphone-based FFQ and DRs.

Easy accessto the sample madeit possible to compl ete the paper
FFQ in person, without the need for researchers or participants
to travel or pay mailing costs[25].

Strengths and Limitations

The strengths of this study includethat the e-12HR isatool that
depends only on short-term memory (the app is completed at
the end of each day), it does not interfere with variability of
dietary intake in daily life (the app is completed daily). In
addition, it has adigital format (young people and adol escents
have shown their preference for methods that use digital
technology versus traditional methods [31,53]—improving
motivation and completion rates [48]). These characteristics
support greater accuracy in assigning the category of habitual
consumption in those cases where the ranking assigned by
current-day recall is different from that assigned by reference
methods. Also, with the e-12HR app, data collection is
performed digitally, eliminating the need for investigators to
enter the data manually; it is a self-reporting tool, not requiring
interviewers; it is both simple and intuitive to use, with
photographs to assist with estimating servings consumed; and
overall research costs are greatly reduced.
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Limitations of this study include that the sample used was
extremely educated, which is a convenient sample and not
representative of the youth population on the national level.
Another limitation derives from the need to have a smartphone
with an Android operating system. Accessto these technologies
is not universal and could exclude those students with less
purchasing power [25]. Also, even though two different
reference methods were used for thee-12HR app, it isimportant
to note that the high degree of association and agreement
between the data collected when comparing different methods
does not indicate that current-day recall is exact, as thereisno
true measurement of dietary intake [5,8,39,43]. Idedly,
validation studies should include the use of nutritional
biomarkers, but currently there are few biomarkers for specific
foods [12,43,44,55] and they cannot measure habitual intake
[43].

Future Research

Future research will focus on the selection of other study
samples, additional food groups, different monitoring periods
for comparison, and with varying regularity for completing the
app from daily, asin this study, to two days, three days, etc.
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Conclusions

The good agreement between e-12HR and both reference
methods, as illustrated by the results of various statistical
analyses demonstrate the relative validity of current-day recall
for determining categories of habitual intake for specific food
groups, and even for those foods that are consumed infrequently.
For large-scale epidemiological studies with samples of
individuals who have grown up using new technologies and
that do not require determining the complete diet, e-12HR can
be a useful tool to replace other methods which are oftentimes
longer, more expensive, and require alarger workload for both
participants and researchers. Additionally, e-12HR can be a
useful tool in aclinical context. Healthcare professionals can
use the app with patients/users who are accustomed to new
technologies. Individual information obtained through the app
could be used as abaseline for health education and promotion
activities: specific activities for each patient/user focused on
those specific food groupsthat require achangein consumption
patterns.
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Abstract

Background: To address the limitations of the retrospective self-reports of activity, such as its susceptibility to recall bias,
researchers have shifted toward collecting real -time activity dataon mobile devices viaecol ogical momentary assessment (EMA).
Although EMA is becoming increasingly common, it is not known how EMA self-reports of physical activity and sedentary
behaviors relate to the objective measures of activity or whether there are factors that may influence the strength of association
between these two measures. Understanding the relationship between EMA and accelerometry can optimize future instrument
selection in studies assessing activity and health outcomes.

Objective:  The aim of this study was to examine the associations between EMA-reported sports or exercise using the
accelerometer-measured moderate-to-vigorous physical activity (MVPA) and EMA-reported TV, videos, or video games with
the accel erometer-measured sedentary time (ST) in children during matched 2-h windows and test potential moderators.

Methods: Children (N=192; mean age 9.6 years; 94/192, 49.0% male; 104/192, 54.2% Hispanic; and 73/192, 38.0% overweight
or obese) wore an accelerometer and completed up to 7 EMA prompts per day for 8 days during nonschool time, reporting on
past 2-h sports or exercise and TV, videos, or video games. Multilevel models were used to assess the relationship between the
accelerometer-measured ST and EMA-reported TV, videos, or video games. Given the zero-inflated distribution of MV PA, 2-part
models were used assess the rel ationship between the accel erometer-measured MV PA and EMA-reported sports or exercise.

Results: EMA-reported TV, videos, or video games were associated with a greater accelerometer-measured ST (beta=7.3, 95%
Cl 5,510 9.0, P<.001). This relationship was stronger in boys (beta=9.9, 95% CI 7.2 to 12.6, P<.001) than that in girls (beta=4.9,
95% Cl 2.6 t0 7.2, P<.001). EMA-reported sports or exercise was associated with a greater accelerometer-measured MV PA (zero
portion P<.001; positive portion P<.001). This relationship was stronger on weekends, in older children, and in non-Hispanic
children (zero portion all P values<.001; positive portion all P values<.001).

Conclusions: EMA reports highly relate to accelerometer measures. However, the differences in the strength of association
depending on various demographic characteristics suggest that future research should use both EMA and accelerometers to
measure activity to collect complementary activity data.

(JMIR Mhealth Uhealth 2018;6(6):€150) doi:10.2196/mhealth.9592
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Introduction

Low physical activity (PA) is associated with cardiometabolic
risk factors such as adiposity, insulin resistance, and elevated
diastolic blood pressure in children [1]. Separate from PA,
sedentary behaviors, typically accumulated in the form of screen
time, are also associated with health consequencesin children.
For example, sedentary time (ST) is associated with higher body
massindex (BMI) [2] and other cardiometabolic risk indicators
such as increased triglyceride and blood glucose levels [3].
Furthermore, the combination of low levels of PA and high
levelsof ST may be particularly detrimental for children’shealth
because of the potentially synergistic nature of their health
consequences [4]. To reduce morbidity and mortality, existing
research has focused on gaining a better understanding of these
health behaviors in children. However, research in this areais
only aseffective asthetool s utilized to measure these variables.

Prior to the development of objective measures of activity,
retrospective self-report measures, which ask participants to
recall the intensity, duration, and frequency of activities over
one or more days, were often utilized; however, these measures
can be subject to recall errors and biases, especially in children
[5,6]. Recaling PA and time spent engaged in sedentary
behaviors is a demanding cognitive task for children, whose
activitiestend to beintermittent and vary in nature [5]. Thefield
of behavioral health research shifted toward the use of
device-based measures of activity, such as accelerometers, due
to investigators becoming increasingly cognizant of the
limitations of retrospective self-reports for activity data.

Accelerometers can be used to objectively quantify the
frequency and duration of PA and ST in children [ 7] by detecting
accelerations in movement [8]. These small hip- or wrist-worn
devicesare capable of measuring movement on 3 axes, vertical,
anteroposterior, and lateral planes[8]. Thus, accelerometersare
able to determine the frequency, duration, and intensity of
movement in various directions and also do not require the
cognitive demands of recalling activity behaviors, making them
useful for measuring activity in children in a free-living
environment [8]. However, there are some limitations to using
accelerometers to assess PA and ST. Depending on their
placement, accelerometers do not accurately capture upper body
movements [9]. Furthermore, distinguishing wear time from
ST can be a challenge when utilizing accelerometers [9].
Accelerometers also cannot provide insight with regard to the
type of sedentary behaviors that are being performed by the
participant. Evidence suggests that different types of sedentary
behaviors, such as screen time and reading, have different
relationships with physical and mental health indicators, such
as BMI [10] and symptoms of emotional disorders in youth
[11,12]. Thus, understanding the types of PA or sedentary
behaviors undertaken is essential to investigate health outcomes.
Therefore, accelerometers alone are limited in their ability to
providefully comprehensive information with regard to activity
data

http://mhealth.jmir.org/2018/6/e150/

To address the limitations associated with retrospective
self-reports and to provide complementary activity data to
accelerometers that otherwise would not be captured (eg,
differentiating reading from sedentary screentime), investigators
can use rea-time self-report methods such as ecological
momentary assessment (EMA) to assessthe levels and types of
PA and sedentary behaviors [13]. Using mobile technology,
EMA methods addressthe limitations of retrospective self-report
(eg, recall error and biases) by prompting participantsto answer
survey questions about recent behaviors occurring acrosslimited
time windows ranging from afew minutesto afew hours[14].

Traditional retrospective self-report methods of PA and
sedentary behavior are only weakly correlated with device-based
approaches such as accelerometry owing to the challenges
described above [15]. Whether EMA reports provide measures
of PA and sedentary behavior that are associated with
accelerometer measuresin children hasyet to be tested in depth.
Furthermore, multiple studies have indicated that
correspondence between self-reports and accelerometer
measures can differ based on demographic characteristics
[16,17]; thus, investigating the role of potential modifiers is
essential to optimizing measurement selection. Therefore, the
aim of this study was to provide a preliminary assessment of
the construct validity of EMA measures of structured leisure
time PA (ie, sports or exercise) by comparing these measures
with an accelerometer-measured moderate-to-vigorous PA
(MVPA) in children. Evidence across multiple studies suggests
that leisure time PA often occursin theform of MVPA inyouth
[18,19]. Additionally, this study aimed to assess the construct
validity of EMA measures of sedentary screen behaviors (ie,
TV, videos, or video games) by comparing these measureswith
the accelerometer-measured ST in children. A secondary aim
was to investigate whether the associations between the levels
of activity measured by EMA and an accelerometer differ by
child age, sex, ethnicity, or weight status, and on weekends
versus weekdays—given that children’s levels of PA and time
spent in sedentary behaviors can differ according to these
variables [20,21].

Methods

Participants

Data were collected from children participating in the
longitudinal observational Mothers and Their Children’sHealth
(MATCH) study. Baseline datawere used for thisanalysis. The
goa of the MATCH study was to examine the effects of
maternal stress on obesity risk in children living in Southern
Cdlifornia. Participant recruitment occurred via flyers and
in-person research staff visits at public elementary schools and
community events. Theinclusion criteriafor mother—child dyads
were (1) the child is in the 39-6™ grade (aged 8-12 years), (2)
morethan half of the child's custody bel ongsto the mother, and
(3) both mother and child are able to read English or Spanish.
Dyads were excluded from the study if the mother or the child
(2) wastaking medicationsfor thyroid function or psychol ogical
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conditions, (2) had a health condition that limited PA, (3) was
enrolled inaspecia education program, (4) was currently using
oral or inhalant corticosteroids for asthma, (5) was pregnant,
(6) the child was classified as underweight by aBMI percentile
<5% adjusted for sex and age, or (7) the mother worked more
than 2 weekday evenings (between 5-9 pm) per week or more
than 8 h on any weekend day. The MATCH study protocol is
described in further detail elsewhere [22].

Data Collection

Mothers provided in-person parental consent, and children
provided written assent. Mothers completed paper and pencil
guestionnaires on their child’s age, sex, and race or ethnicity
during a 90-min data collection session. Additionally,
anthropometric measures of the child participants were taken
at this time. Specifically, height (centimeters) and weight
(kilograms) were collected in duplicate and averaged. Age- and
sex-adjusted BMI z-scores were then calculated using the
Centersfor Disease Control Epilnfo 2005, Version 3.2 resource
[22].

The children downloaded a custom-made EMA app for Android
mobile phones (Google Inc., Mountain View, CA) on their
personal mobile phones. If they did not have their own mobile
phone, they were provided with a Moto G mobile phone
(Motorola Mobility, Chicago, IL) to use for the duration of the
study. After doing so, each child received random EMA prompts
after 5:00 pm on the day of the data collection session (day 1)
across the next 6 complete days (days 2-7) and up until 5:00
pm on the last day when the phone was returned to the
researchers (day 8). Onweekends, EMA surveyswere prompted
up to 7 times per day (between 7:00 am and 8:00 pm). On
weekdays, EMA surveys were prompted up to 3 times per day
(between 3:00 and 8:00 pm). Participants were instructed to
proceed with their normal daily routines during the assessment
period. The participant’s mobile phone would chime and vibrate
to prompt the child to stop hisor her current activity and answer
EMA survey, which took approximately 2 min to complete.
Assessments did not occur during school holidays or summer.
At each prompt, children were asked: “In the past 2 HOURS,
which of thefollowing have you done? (choose all that apply).”
Response optionsincluded “ sports or exercise” and “ TV, videos,
and/or video games.”

Children were also provided Actigraph accel erometers (Model
GT3X, Actigraph Corp., Pensacola, FL) and instructed to wear
the devices on their right hip for the same 8 consecutive days
as EMA data collection. MVPA was defined based on
age-specific Freedson cut points[23], whereas ST was defined
as <100 activity counts per minute [24]. Nonwear was defined
as 60 min of consecutive zero count epochs[25], and only valid
accelerometer wear time was used for this analysis. All
accelerometer measurements were time-stamped so that they
could be linked to the same time windows as EMA prompts.
The University of Southern California Institutional Review
Board approved all the procedures.

Statistical Analysis

Frequencies and mean values were calculated for participant
demographic characteristics and for EMA and accel erometer
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variables stratified across partici pant demographic characteristics
and weekends versus weekdays. The mean and standard
deviation of the accelerometer-measured activity stratified by
yesor no EMA reports of PA (sportsor exercise) and sedentary
behavior (TV, videos, or video games) were also calculated.
EMA prompt compliance was calculated as the proportion of
prompts answered out of the total prompts. Additionaly,
multilevel logistic regression modelswere utilized to investigate
whether age, sex, ethnicity, BMI-z, or weekends versus
weekdays were associated with EMA prompt compliance
(scored asyes or no). Linear mixed model s were used to assess
whether age, sex, ethnicity, BMI-z, or weekends versus
weekdays were associated with nonvalid accel erometer time.

The relationship between the minutes of the
accelerometer-measured ST within thelast 2 h and EMA reports
of sedentary screen behaviorswithin the same 2-h time window
wasinvestigated vialinear mixed models using PROC MIXED
in SAS v9.4 (SAS Institute, Cary, NC). Mixed models were
used to adjust for the clustering of EMA responses that were
nested within each child [26]. The dichotomous EMA reports
of sedentary behaviors (ie, TV, videos, or video games) in the
past 2 h were the independent variable, and the total minutes
of the accelerometer-measured ST in the past 2 h were the
dependent variable. All ST models were adjusted for age, sex,
ethnicity, BMI-z, and weekends versus weekdays. These
covariates were also tested as moderators by multiplying the
main effect terms together to create 2-way interaction terms
between EMA reports of ST with age, sex, ethnicity, BMI-z,
and weekends versus weekdays. They were then entered into
the models separately to test the significance of the interaction.
Post hoc analyses were conducted where the models were
stratified by any significant interaction variablesidentified. All
models were also controlled for between-subject (BS) effects,
thiswas done by creating BS and within-subject (WS) versions
of the predictorsto indicate an individual’s mean variation from
the grand mean (using grand-mean centering) and one's
variation from his or her own mean (using person-mean
centering) at any given prompt [27].

Traditional linear mixed models that assume a normal
distribution are not appropriate for MV PA data because they
are typically skewed with an inflated number of zero values
[28]. Therefore, we used a 2-part model, which utilizesamixture
of logigtic regression for zero MVPA vaues and gamma
regression for positive MVPA values [28-30]. The logistic
regression portion (zero portion) of the model predicts whether
the participant was not active (odds of no activity), whereasthe
gamma regression portion (positive portion) predicts the
expected amount of MV PA on occasions when the participant
was active [28]. Thus, there aretwo interpretations of the results
when utilizing this modeling method—the likelihood of no
activity (zero portion) and the expected amount of activity when
the participant was active (positive portion).

The 2-part models assessed the association between EMA
reports of sports or exercise within the last 2 h and
accelerometer-measured minutes of MVPA during that same
2-h time window using the “gsem” command in Stata 14.2.
These models were adjusted for age, sex, ethnicity, BMI-z, and
weekends versus weekdays. The aforementioned covariates
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were also tested as moderators by multiplying the main effects
termstogether to create 2-way interaction terms between EMA
reports of PA with age, sex, ethnicity, BMI-z, and weekends
versus weekdays. They were then entered into the models one
at atime to test the significance of the interaction. Post hoc
analyses were conducted, in which the models were stratified
by any significant interaction variables identified. All models
were also controlled for BS effects by creating BS and WS
versions of the predictors using the same method, as previously
mentioned [27].

Results

Description of Data Availability and the Study Sample

Our sample consisted of 192 children with available EMA and
accelerometer data of the 202 children, in total, enrolled in the
MATCH study (Figure 1). As indicated by the flow diagram,
exclusion may have occurred for a number of reasons, ranging
from technical issues to unanswered EMA prompts. The mean
(SD) age of the participants was 9.6 (0.9) years. Half (49.0%,
94/192) of the sample were boys, and 54.2% (104/192) were
Hispanic. Of the participants, 38.0% (73/192) of the children
were classified as overweight or obese based on their BMI-z.
EMA prompt compliance was 75.7% (2158/2851), which is
approximately the average level of compliance compared with
EMA studies conducted on other samples of children [31]. A
total of 157 participants (81.8%) completed 50% or more of
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possible EMA surveys, consistent with other studies on similar
samples[32]. In total, 16 participants (8.3%) completed 100%
of EMA surveys prompted during the assessment period of this
study. Multilevel logistic regression analysesindicated that the
likelihood of EMA prompt compliance was greater on weekends
than on weekdays (odds ratio, OR 1.3, 95% CI 1.1 to 1.5).
However, there were significantly more nonvalid accelerometer
minutes on weekends than on weekdays (beta=16.9, P<.001).
Additionally, as the child BMI-z score increased, there was a
lower likelihood of EMA compliance (OR 0.8, 95% CI 0.7 to
0.9). No other demographic characteristics were significantly
associated with EMA prompt compliance. No demographic
characteristics were associated with nonvalid accelerometer
time.

Descriptive Statistics

The mean (SD) of the accelerometer-measured MVPA inthe 2
h before EMA prompt was 10.4 (14.6) min. The mean (SD) of
the accelerometer-measured ST in the 2 h before EMA prompt
was 65.8 (21.2) min. Children reported sports or exercise in
37.4% (807/2158) of EMA prompts, and TV, videos, video
games were reported in 47.3% (1021/2158) of prompts. Table
1 presents additional descriptive statistics on the accelerometer
and EMA variables across participant demographic
characteristics and on weekends versus weekdays, whereas
Table 2 presentsthe mean (SD) accel erometer-measured activity
stratified by EMA-reported sports or exercise and TV, videos,
or video games.

Table 1. Descriptive statistics of accelerometer-measured activity and ecological momentary assessment (EMA)-reported activity during matched 2-h
time windows stratified by demographic factors and weekends versus weekdays (Level 1 N=2158, Level 2 N=192).

Characteristic Accelerometer-measured EMA-reported sportsor ~ Accelerometer-measured EMA-reported TV, videos, or
MVPA2 (minutes), mean (SD)  exercise (yes), n (%) stP (minutes), mean (SD)  video games (yes), n (%)
Sex
Boys 12.7 (18.7) 370(36.2) 66.2 (22.2) 496 (48.5)
Girls 8.3(9.1) 441 (38.8) 65.8 (20.4) 531 (46.7)
Age
Above 9.6 years 8.28 (10.5) 451 (39.0) 68.3 (20.1) 543 (47.0)
Below 9.6 years 12.9(18.1) 360 (35.9) 63.2 (22.3) 484 (48.3)
Ethnicity
Hispanic 10.6 (16.7) 437 (38.8) 65.7 (21.8) 494 (43.9)
Non-Hispanic 10.2 (12.0) 374 (36.2) 66.2 (20.7) 533 (51.7)
BMI-Z°
Normal 11.6 (12.6) 538 (38.7) 65.5 (21.7) 691 (49.6)
Overweight or Obese 8.3 (10.3) 273 (36.6) 66.7 (20.44) 336 (43.9)
Weekend vs weekday
Weekend 9.3(14.6) 313(3L.7) 69.0 (21.9) 542 (54.9)
Weekday 11.3(14.7) 498 (42.6) 63.5 (20.5) 485 (41.5)

3V PA: moderate-to-vigorous physical activity.
bsT: sedentary time.
°BMI-z: body mass index z-score.
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Table 2. Descriptive statistics of the accel erometer-measured activity stratified by yes or no ecological momentary assessment (EMA) reports of sports
or exercise and TV, videos, or video games during matched 2-h time windows (Level 1 N=2158, Level 2 N=192).

EMA-reported activity Accel erometer-measured MVPA2 Accelerometer-measured ST?
(minutes), mean (SD) (minutes), mean (SD)

EMA-reported sportsor exercise

Yes 13.4(15.9) 60.7 (20.6)

No 7.6 (11.0) 69.3 (20.0)
EMA-reported TV, videos, or video games

Yes 8.0(11.9) 70.1(19.7)

No 11.4 (14.4) 62.4 (20.7)

3V PA: moderate-to-vigorous physical activity.
bsT: sedentary time.

Figurel. Solid Linesindicate available data, while dashed linesindicate datalost dueto reasonsindicated within each box. EMA: ecological momentary
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Associations Between EM A and Accelerometer
M easures

Results from the linear mixed models investigating the
relationship between EMA-reported sedentary behaviors and
accel erometer-measured minutes of ST are shown in Table 3.
Child EMA reports of engagement in the past 2-h TV, videos,
or video games were associated with the greater minutes of the
accelerometer-measured ST during the same time window
(beta=7.3, 95% CI 5.5 to 9.0, P<.001). Additionally, the
interaction between EMA-reported ST and sex was significant
(beta=4.9, 95% CI 1.4 to 8.5, P=.01, Table 3); the strength of
the association between EMA and accelerometer measures of
ST wassignificantly different between boysand girls. Stratified
post hoc analyses indicated that this association was twice as
strong in boys (beta=9.9, 95% Cl 7.2t0 12.6, P<.001) than that
in girls (beta=4.9, 95% CI 2.6 to 7.2, P<.001). No other
significant moderators were found.

Theresults of the model sinvestigating the rel ationship between
EMA-reported sports or exercise and accel erometer-measured
minutes of MV PA are shown in Table 4. The positive portion
(the expected amount of activity measured by the accel erometer
on occasions when the participant reported sports or exercise
viaEMA) and zero portion (likelihood of no activity measured
by the accelerometer on occasions when the parti cipant reported
being activeviaEMA) of the 2-part model indicate asignificant
relationship between EMA and the accelerometer-measured
activity in the total sample (zero portion estimate=—0.8, 95%
Cl -1.1t0-0.6, P<.001; positive portion estimate=0.6, 95% Cl
0.5t00.7, P<.001). When the participant was active (according
to the accelerometer) and reported sports or exercise viaEMA
in the last 2 h, this was associated with an 80.4% increase in
the minutesof MV PA within that sametimeframe. Furthermore,
when sports or exercise was reported via EMA, the odds of no
MVPA measured by the accelerometer decreased by a factor
of 56.8%.

Zink et al

Theinteraction term between EMA reports of sportsor exercise
and weekends versus weekdays was statistically significant,
indicating a moderation of the association between
EMA-reported sports or exercise and accel erometer-measured
MV PA (zero portion estimate=—0.3, 95% CI —0.8t0 0.2, P=.24;
positive portion estimate=0.2, 95% CI 0.05to 0.4, P=.01). The
relationship between the accelerometer-measured MVPA and
EMA reports was stronger on weekends than on weekdays
(Table 4). According to the positive portion of the model, if the
participant had any accelerometer-measured MV PA, reporting
sports or exercise via EMA was associated with a 103.4%
increasein minutes of MV PA on weekends compared with only
a 53.7% increase in minutes of MVPA on weekdays.
Furthermore, when sports or exercise was reported via EMA,
the odds of no accelerometer-measured MV PA decreased by
65.7% on weekends, whereas this was 30.2% on weekdays,
according to the zero portion of the model.

In addition to weekends versus weekdays, age was found to be
a sdignificant moderator of the relationship between
EMA-reported sports or exercise and accel erometer-measured
MV PA (zero portion estimate=—0.1, 95% CI —0.4t0 0.2, P=.43;
positive portion estimate=0.1, 95% CI 0.02to 0.2, P=.02). This
relationship was stronger in participants above the mean age of
9.6 yearsthan in those below the mean age (Table 4). In children
with an age above the mean age, if he or she had
accelerometer-measured MV PA and reported sportsor exercise,
then therewas a101.4% expected increasein minutesof MVPA,
whereas this expected increase was just 60% in children below
the mean age, according to the positive portion of the model in
each subsample. Furthermore, the odds of no
accelerometer-measured MV PA decreased by afactor of 60.7%
when exercise or sports were reported via EMA in children
above the mean age compared with the reduced odds by afactor
of 49.8% in children below the mean age, as indicated by the
zero portions of each model.

Table 3. Coefficients with standard errors, 95% Cl, and P values of mixed model with ecological momentary assessment (EMA) reports of sedentary
screen behaviors as the predictor at level 1 on the accelerometer-measured sedentary time and mixed model with the significant interaction between
EMA-reported sedentary screen behaviors and sex (Level 1 N=2158, Level 2 N=192).

EMA-reported activity Model 12 Model 22
B (SE) 95% Cl P B (SE) 95% Cl P

Accelerometer-measured ST with Level 1 predictor

EMA-reported TV, videos, or video games 8.1(0.9) 6.3t109.8 <.001 8.1(0.9) 6.3109.8 <.001
Accelerometer-measured ST with Level 1 predictor adjusted for covariatesat Level 2

EMA-reported TV, videos, or video games 7.3(0.9) 551t09.0 <.001 49(1.2) 25t074 <.001
Accelerometer-measured ST with cross-level interaction

EMA-reported TV, videos, or video games X sex N/AC N/A N/A 49(1.8) 14t085 <.01

#The models are adjusted for sex, age, ethnicity, body massindex z-score, and weekends versus weekdays at level 2.

bsT: sedentary time.
EN/A: not applicable.
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Table 4. Estimateswith SE, 95% Cl, and P values of the 2-part model with ecological momentary assessment (EMA) reports of |eisure time physical
activity predicting the accelerometer-measured MV PA in the total sample and stratified by the significant moderators of weekends versus weekdays,

age, and ethnicity (Level 1 N=2158, Level 2 N=192).

EMA report of sports or exercise Zero portion Positive portion
Estimate (SE)? 95% Cl P Estimate (SE)? 95% Cl P

Total sample (L1 N=2158)P -0.8(0.2) -11t0-0.6 <.001 0.6 (0.1) 05t00.7 <.001
On weekends (L 1 n=988)° -1.1(0.2) -1410-08 <.001 0.7(0.2) 0.6t00.9 <.001
On weskdays (L1 n=1170)° -0.4(0.2) -0.8t00.1 10 0.4(0.1) 0.3t005 <.001
Above 9.6 years old (L1 n=1156)° -0.9(0.2) -12t0-0.6 <.001 0.7 (0.1) 0.6100.8 <.001
Below 9.6 years old (L1 n=1002)° -0.7(0.2) -11t0-0.3 .001 05(0.1) 0.4100.6 <.001
Non-Hispanic (L1 n=1032)° -0.8(02) -12t0-0.4 <.001 0.7 (0.2) 0.6100.9 <.001
Hispanic (L1 n=1126)" -0.9(0.2) -1.2t0-05 <.001 0.5(0.1) 0.4100.6 <.001

#The models are adjusted for sex, age, ethnicity, body massindex z-score, and weekends versus weekdays.
BThe abovementioned estimates have been exponentiated in the body of the paper for ease of interpretation.

Finaly, ethnicity was aso determined to be a significant
moderator of the relationship between the
accelerometer-measured MVPA and EMA-reported sports or
exercise (zero portion estimate=—0.1, 95% CI —-0.6t0 0.5, P=.86;
positive portion estimate —0.2, 95% CI -0.4 to -0.1, P=.01).
Thisrelationship was stronger in non-Hispanic versus Hispanic
children (Table 4). According to the positive portion of the
model, if the participant had accelerometer-measured MV PA
and reported sports or exercise, there was a 107.5% expected
increasein minutes of MV PA in non-Hispanic children, whereas
this increase in daily minutes of MVPA was only expected to
be 61.6% in Hispanic children. The estimates from the zero
portion of the model indicated that when the participant reported
activity via EMA, the odds of no accelerometer-measured
MVPA reduced by a factor of 56.0% in the non-Hispanic
children. Similarly, these odds were reduced by a factor of
57.3% in the Hispanic participants. No other significant
moderators were found between the accelerometer-measured
MVPA and EMA reports of sports or exercise.

Discussion

Principal Findings

This is the first study comparing ST and MVPA measured
concurrently by accelerometry and EMA-reported sedentary
behaviors (ie, TV, videos, or video games) and PA (ie, sports
or exercise) in children while also testing the moderators of the
aforementioned  relationships. Results indicated that
EMA-reported sedentary behaviors were strongly positively
associated with the accelerometer-measured minutes of ST
during the same 2-h time frame. These findings indicate that
EMA may be a promising method for capturing the specific
forms of sedentary behavior through self-report with a very
short-term recall window. Furthermore, EMA can provide
contextua information such as where and with whom the
behavior was performed [13]. The social and physical
environments are important in understanding complex health
behaviors, including sedentary behaviors [33]. For example,
the built environment [34], peer relationships [35], and the day
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of the week [36] have all been shown to influence the levels of
sedentary behavior in children. Other retrospective self-report
tools for assessing sedentary behavior, such as the outdoor
playtimerecall questionnaire, are unableto provide such details
surrounding sedentary behaviors and have demonstrated weak
correlations with the accelerometer-measured ST [37,38].
Therefore, EMA may be more effective at capturing factors
relevant to ST than other self-report measures previoudy utilized
by investigators.

Although this evidence suggests that EMA is ahelpful tool for
gaining abetter understanding of sedentary behavior in children,
the results suggest that it may perform better in boys. The
relationship between the accel erometer-measured ST and EMA
reports of TV, videos, or video gameswas stronger in boys than
in girls. These differences may emerge from the differencesin
leisure time sedentary behavior preferencesin boysversusgirls
[39]. Studies indicate that boys spend more time playing
computer games [40], whereas girls may prefer sedentary
activities such as painting or drawing and playing musical
instruments[39]. Therefore, EMA item capturing screen-based
behaviors such as video games may have been abetter indicator
of theboys' ST in our sample.

Results also showed a strong association between the
accel erometer-measured MV PA and EMA reports of sports or
exercise. When sports or exercise was reported in the past 2 h
viaEMA, significantly more minutes of MV PA were recorded
by accelerometers during thistime frame, and thiswas consi stent
with previousfindingsin adults[41]. A recent study comparing
retrospective self-reports of PA and accelerometer-measured
PA in youth found no relationship between the two [37].
Moreover, participants have been shown to overestimate the
amounts of PA that they engaged in by an average of 596
minutes per week when utilizing retrospective questionnaires
[17], highlighting the need for more effective self-report
methods, particularly in children. The results of this study
suggest that EMA self-reported PA highly relates to the
accelerometer-measured PA, and children did not necessarily
overestimate physical activity to the same degree when reporting
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via EMA. Secondary analyses of our data further support this
notion; when there were zero minutes of the
accelerometer-measured MV PA in the previous 2 h, participants
in our sample only self-reported sports or exerciseviaEMA on
18% of occasions. Therefore, EMA hasthe potential to address
the aforementioned weaknesses of other self-report PA measures
by reducing the prevalence of over reports of PA.

However, when utilizing EMA as a PA data capture tool in
children, investigators should be cognizant of time-variant and
time-invariant variablesthat may influence the construct validity
of EMA prompts. Specifically, the accelerometer-measured
MVPA was more strongly related to EMA reports of sports or
exercise on weekends than on weekdays. Multiple studies have
demonstrated that the amount and types of PA that children
participate in can differ between weekdays and weekends
[36,42]. Children may be more likely to engage in
nonrecreational types of PA during weekdays, such as active
school transport (ie, walking), which may not be effectively
captured by EMA item assessing leisure time PA in this study.
Furthermore, a recent study conducted in more than 6200
children aged 9-11 yearsindicated that engaging in active school
transport during the week was related to a greater
accelerometer-measured MVPA during those days [43].
Therefore, activities such as active school transport during the
week may contribute to the greater discrepancy observed
between the accelerometer-measured MVPA and leisure time
PA reported via EMA during weekdays.

Additionally, we found that the strength of the association
between EMA self-reports of sports or exercise and
accelerometer-measured MV PA differed between age groups.
In those above the mean age of 9.6 years, the observed
association between the two measures was stronger. In a study
of more than 1000 active children aged 5-15 years, the
investigatorsfound that younger participantsengaged inamore
intermittent type of active play, whereas older children
accumulated PA through walking and organized sport [44].
These differences in PA patterns may account for the age
variations in the measurement associations that were observed
within the current sample. Therefore, EMA item measuring
sports or exercise, specifically, may be more successful at
capturing the types of PA accumulated by older children,
whereas the objective measures may be considered as the
preferred method for capturing younger children’s physical
activity behaviors, consistent with previous findings [45].

Finally, EMA reports of sports or exercise were more strongly
related to the accelerometer-measured MV PA in non-Hispanic
versus Hispanic children. In a nationally representative survey
of children aged 9-13 years, it was determined that non-Hispanic
children were significantly more likely to be involved in
organized sportsthan their Hispanic counterparts[46]. To further
support this notion, a large study of Hispanic children
determined that first-generation Hispanic participantswereless
likely to report engaging in sports compared with their second-
and third-generation peers [47]. Therefore, it may be that
Hispanic children are accumulating PA through activities other
than sports as a result of cultural preferences [47]. Thus, the
current EMA items regarding leisure time sports or exercise
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may not be optimal for capturing PA behaviors in Hispanic
participants.

This study highlights the strengths and weaknesses of EMA as
a self-report tool for assessing leisure time PA and sedentary
behavior data in children. Overall, EMA reports relate highly
to the accelerometer-measured MVPA and ST. However, the
moderators of this relationship revea the limitations of EMA.
EMA prompts asking about TV, videos, or video games might
be a better indicator of ST in boys than in girls. Additionally,
EMA prompts measuring sports or exercise appear to be abetter
indicator of PA on weekends than on weekdays. Finally, EMA
self-reports of sports or exercise may be more effective for
assessing PA in older (above 9.6 years old in our sample) and
non-Hispanic children. To address the limitations of EMA,
investigators may tailor EMA itemsto capture the types of PA
and sedentary behaviors typically performed by individual
participants in their samples. If tailoring EMA items is not
feasible, the moderators of the relationship between EMA
reports and objectively measured activity levels should be
considered when analyzing and interpreting EMA data. As a
general recommendation, it is also suggested that future
investigators  utilize both accelerometers and EMA
simultaneously, depending on the scope of the investigation. It
may be more useful to utilize EMA in studies assessing different
types of behaviors (eg, reading vs computer use) that are being
performed at any given moment, whereas accelerometers may
be more useful in circumstances when investigators are
interested in the overall frequency or duration of activity
behaviors. Informed instrument selection will ultimately increase
our understanding of PA and sedentary behaviors and how they
relate to preventable health issues.

Limitations

Although our study has several strengths, there are limitations
to note. Depending on their placement, accelerometers cannot
detect all bodily movements such as upper body activities, and
their detection of activity is sensitive to chosen cut points.
Furthermore, EMA responses may be subject to recall bias,
though to a lesser extent, compared with the traditional
retrospective self-report strategies [13]. Therefore, a study
comparing two tools that have inherent limitations may
ultimately be considered as aweakness. Additionally, we were
not able to assess whether the amount of time elapsed between
EMA prompt and the provision of an answer moderated
EMA-accelerometer associations in this study. Furthermore,
children were not EMA-prompted before 3 pm on weekdays;
therefore, the results from this study may not generalize the
behaviors and activities performed during school hours. In
addition to this, the first prompt after 3 pm on weekdays asked
participants about their behaviors “since you woke up this
morning,” as opposed to asking about the previous 2-h
behaviors. Therefore, the behaviors reported during this EMA
prompt may not reflect the past 2-h activity levels measured via
accelerometer. However, post hoc exploratory analyses
removing the first prompts of weekdays (the prompts asking
about behaviors since the participant woke up that morning)
minimally altered our parameter estimates and results. This
pattern suggests that these EMA items did not influence our
findings.
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Another limitation of this study is that contextua (eg,
environmental or social) data were not assessed, and this may
influence EM A-accel erometer associations, future studies should
attempt to addressthislimitation. EMA prompt compliance was
greater on weekends and in children with lower BMI-z. Thus,
our findings may not be as generalizable to data captured on
weekdays as well as data collected in heavier participants.
Additionally, there was more nonvalid accel erometer time on
weekends, which presents as an additional limitation for
generalizability. Finally, our sample from Southern California
metropolitan community, which contains more than 50%
Hispanic participants, may differ from the general population
of youth living in the United States and therefore may limit the
generalizability of our results. Future studies should attempt to
address these generalizability issues.
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onweekends, in older children, and in non-Hispanic participants.
These moderators can be addressed by tailoring EMA items
designed to capture PA and sedentary behaviors based on
specific participant demographics and the day of the week.
Taken together, this study supports EMA asauseful self-report
tool for capturing PA and sedentary behavior in children because
it demonstrates a high correlation with objectively measured
activity levels.
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Abstract

Background: Many research domains till heavily rely on paper-based data collection procedures, despite numerous associated
drawbacks. The QuestionSys framework is intended to empower researchers as well as clinicians without programming skillsto
develop their own smart mobile appsin order to collect data for their specific scenarios.

Objective: Inorder to validate the feasibility of this model-driven, end-user programming approach, we conducted a study with
80 participants.

Methods: Across 2 sessions (7 days between Session 1 and Session 2), participants had to model 10 data collection instruments
(5 at each session) with the devel oped configurator component of the framework. In this context, performance measures like the
time and operations needed aswell astheresulting errors were eval uated. Participants were separated into two groups (ie, novices
Vs experts) based on prior knowledge in process modeling, which is one fundamental pillar of the QuestionSys framework.

Results: Statistical analysis (t tests) revealed that novices showed significant learning effects for errors (P=.04), operations
(P<.001), and time (P<.001) from the first to the last use of the configurator. Experts showed significant learning effects for
operations (P=.001) and time (P<.001), but not for errors asthe experts errors were already very low at the first modeling of the
data collection instrument. Moreover, regarding the time and operations needed, novices got significantly better at the third
modeling task than experts were at the first one (t tests; P<.001 for time and P=.002 for operations). Regarding errors, novices
did not get significantly better at working with any of the 10 data collection instruments than experts were at the first modeling
task, but novices' error ratesfor all 5 data collection instruments at Session 2 were not significantly different anymore from those
of experts at the first modeling task. After 7 days of not using the configurator (from Session 1 to Session 2), the experts’ learning
effect at the end of Session 1 remained stable at the beginning of Session 2, but the novices' learning effect at the end of Session
1 showed a significant decay at the beginning of Session 2 regarding time and operations (t tests;, P<.001 for time and P=.03 for
operations).

Conclusions: In conclusion, novices were able to use the configurator properly and showed fast (but unstable) learning effects,
resulting in their performances becoming as good as those of experts (which were already good) after having little experience
with the configurator. Following this, researchers and clinicians can use the QuestionSys configurator to develop data collection
apps for smart mobile devices on their own.

(JMIR Mhealth Uhealth 2018;6(6):€148) doi:10.2196/mhealth.9826
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Introduction

In psychology and social sciences, self-report questionnaires
are commonly used to collect data in various situations [1].
These data are predominantly collected using paper-based
guestionnaires, which are costly regarding the subsequent
processing and analysis of the collected data. Furthermore, the
latter has to be transferred to digital spreadsheet documents,
which is atime-consuming and error-prone task, especialy in
the context of large-scale trials or studies. According to one
estimate, approximately 50%-60% of the costs related to the
collection, transfer, and processing of the data could be saved
using digital instruments instead of paper-based ones [2].
Additionally, electronic questionnaires do not differ from the
paper-based versionsin psychometric properties[3]. Moreover,
they contribute to more complete datasets compared with the
ones collected using pencil and paper [4], resulting in a better
data quality [5]. Finally, the digitally collected data may be
enriched with contextual information [6] (eg, time and location)
or sensor data[7] (eg, pulse measurement during an interview).
In general, digital instruments are in increasing demand to
support clinical trials or other psychological studies[8].

Over the last decade, severa Web-based questionnaire apps
(eg, LimeSurvey or SurveyMonkey) emerged, enabling end users
to create online questionnaires themsel ves. Although these apps
are useful, they are not suitablein certain application scenarios.
Among others, Web questionnaires require permanent internet
access and are usually unable to capture data from external
sensors (eg, camera, Global Positioning System, or vital
parameter sensors). Smart mobile devices (eg, mobile phones
or tablets), inturn, could act asan enabler for scenariosin which
Web questionnaires are not sufficient. Mobile devices have
already proven their applicability in the context of various
business scenarios [9], ranging from simple task management
apps to sophisticated business analytics platforms to even apps
supporting ward rounds in hospitals [10].

Contrary to these findings, however, mobile data collection
apps are still rarely used in large-scale scenarios, like clinical

Table 1. Implemented mobile data collection apps.
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or psychological trials. The following three reasons are of
paramount importance in this context:

1 Researchers are unaware of the capabilities of and
opportunities offered by smart mobile devices in their
respective domain. This can aso be traced back to the high
costsof such devices, especialy in the context of large-scale
studies requiring multiple devices.

Already existing data collection apps do not adequately
support researchers. There might belegal aspectsthat need
to be considered (eg, “Where shall the data be stored?’,
“Who shall be allowed to access the data?’); the maobile
apps might require permanent internet access, or their
advanced features (eg, use of sensors during the data
collection procedure) need to be supported.

Implementing sophisticated mobile data collection apps
usually requires considerable communication efforts
between researchers and mobile app developers. This
communication is further aggravated due to the fact that
both groups use different languages (ie, terminology, or
[graphical] notations) to express themselves.

It is noteworthy that there are several mobile apps proving the
applicability of smart mobile devices in the context of data
collection scenarios, such as Manage My Pain [11] or Track
Your Tinnitus [12]. Although the participants involved in
respective scenarios gave positive feedback, several
shortcomings could still be observed. The latter include, for
example, high development costs, the need for skilled app
developers, or the common business-IT alignment gap (ie,
domain experts being unable to express what developers shall
realize) [13]. When relying purely on smart mobile devicesfor
data collection purposes, specific participant groups may be
excluded (eg, elderly) [14]. Furthermore, providing respective
mobile app for only one mobile operating system (eg, Android
or iO0S) might result in biased samples as their users can differ
regarding various aspects such as income, age, or education
[15].

We aso observed these issues in several long-running,
large-scal e data coll ection scenariosfor which we had provided
mobile apps (see Table 1).

Data collection scenario Country Complex navigation® ~ Duration  App Collected datasets using
(years) versions smart mobile apps

Study on tinnitus research [17] Worldwide No >5 5 >45,000

Risk factors during pregnancy [18] Germany No >5 5 21500

Risk factors after pregnancy Germany No >2 1 =500

Posttraumatic stress disorder in war regions [19] Burundi Yes 4 5 >2200

Posttraumatic stress disorder in war regions [20] Uganda No 1 1 =200

Adverse childhood experiences [21] Germany Yes 2 3 >150

Learning deficits among medical students Germany Yes 1 3 =200

Supporting parents after accidents of children European Union  No >3 6 >5000

Overdl — — — 29 >54,750

3No: complex navigation was not requested/required; yes: complex navigation was requested/required.
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Most of these apps were explicitly tailored and implemented to
support a specific application scenario. Developing such a
plethora of data collection instruments enabled usto elaborate
crucial requirementsin thiscontext [16]. Although theinvolved
investigators and clinicians were satisfied with the provided
mobile data collection apps, they craved for more sophisticated
features over time. The latter include, for example,
audio-recordings during interviews, additional notes, and
real-time data anayses. Furthermore, maintaining these
specifically implemented apps over time was a costly and
time-consuming endeavor. In order to relieve app developers
from such tasks, researchers as well as clinicians should be
enabled to devel op mobile apps themsel ves. Existing approaches
[22,23] combine WordPress, a blogging software, and
iBuildApp, a Web-based app builder, to create a platform
supporting students from clinical psychiatry. The focus of this
platform, however, is on information retrieval (eg, psychiatric
guidelines). Furthermore, only limited support regarding the
development of digital instrumentsis provided. Other projects
like MagPi or MovisensXS aso provide configurators using
simple Web forms, allowing end users to create data collection
apps. Our work significantly differs from these approaches as
we focus on sophisticated data collection instruments based on
advanced process management technology. In particular,
well-established graphical notations are provided to express
various aspects of such data collection instruments. Figure 1
represents an instrument using the Business Process Modeling
and Notation (BPMN) 2.0 graphical notation [24] that provides
asolid basisfor the devel oped configurator. Thelatter, however,
uses its own graphical notation in order to allow end users
without expertisein process modeling to apply such techniques.
The modeled instrument, in turn, may then be executed on smart
mobile devices, such as mobile phones or tablets.

In general, graphical process notations comprise various
elementsthat allow specifying and visualizing complex business
processes in enterprises (eg, partners involved and their roles
in the process, data elements, or temporal process constraints).
When applying such a notation to the modeling of data
collection instruments, several issues emerged. In particular,
researchers were overwhelmed by the multitude of graphical
elementsaswell astheir semantical meaning needed to properly
represent their specific data collection instrument. More

Figure 1. A datacollection instrument represented as BPMN 2.0 model.

Schobel et &l

precisely, dealing with data el ementswas especially challenging
when modeling such instruments. First, the data element needs
to be specified accordingly. Second, a question that produces
(ie, writes) this data element must be modeled; third, the data
element must be consumed (ie, read) by decisions|ater in order
to properly control the flow of theinstrument. Monitoring these
aspects, while still dealing with the modeling processin general,
is challenging.

To make such an expressive modeling approach better
accessible for end users with little or no knowledge of process
modeling (ie, researchersor clinicians), end-user programming
techniqueswere evaluated. Such techniques, in turn, have proven
their feasibility in a multitude of studies to support
nonprogrammers. The use of agraphical programming language
instead of atext-based one has been evaluated to teach children
programming [25]. Their teachers reported that the simplified
representation significantly improved the understanding of
program code. Another approach [26] applied end-user
programming techniquesto support administratorsin “writing”
management scripts used in their daily routines. The
“programming” of Web Mashups, which combines operators
and functions in a graphical manner, has been previously
presented [27]. Among others, these studies have proven the
applicability of end-user programming approaches in their
specific domain.

Taking the above issues into account, the QuestionSys
configurator that we developed applies sophisticated end-user
programming techniques to properly abstract the modeling of
data collection instruments. Accordingly, QuestionSys offersa
user-friendly configurator, hiding most of the complexity
introduced by process modeling languages. Particularly, this
configurator uses its own (graphical) modeling notation based
on BPMN 2.0 in order to allow end users without any
programming skills or knowledge in process modeling to
graphically specify data collection instruments themselves.
Therefore, there should be no need for involving IT experts
anymore when developing such mobile data collection
instruments [28]. To be more precise, QuestionSys particularly
focuses on scenarios in which the instruments need to be
frequently adapted. Especialy these adaptations shall be
accomplished by end users with no programming experience
in order to reduce costs.

Doctor  Doclor  Patient
Name Address Code

Assess Data &
Evaluate

Different Rales |
involved

Country of Birth

Pregnant Woman

Page (ie, Screen) of

A9 Mo other. —Rather = qmmmm'ﬂ:_ 8-
Answers to he stored

I the Application I
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Frequent adaptations, in turn, require the continuous use of the
respective configurator. Especially usability of apps that are
used in adaily manner is of paramount importance. One aspect
that isrelevant in this context is the prior experience needed to
learn the app. Following this, it isimportant for the usability of
an app to assess learnability.

For thispurpose, in apilot study, we evaluated the QuestionSys
configurator with 44 participants and obtained promising results
with respect to the modeling of data collection instruments and
overall usability of the configurator [29]. We found that
individual s with no experience in process modeling understood
how to properly use the configurator. Based on this pilot study,
we conducted a larger study with a more sophisticated study
design that comprised 2 testing sessions (second session 7 days
after the first one) with 5 tasks (ie, modeling data collection
instruments) at each session. This refined study and its results
are presented in the manuscript at hand. The following research
guestions (RQs) were addressed with novices (ie, individuals
with no experiencein process modeling) and experts (individuals
with experience in process modeling):

RQ1: How are the performances of novices and
experts changing from the first to the last task (data
collection instrument) of Session 1?

RQ2: How are the performances of novices and
experts changing from the last task (data collection
instrument) of Session 1 to the first task (data
collection instrument) of Session 2?

Figure 2. The QuestionSys configurator: combining elements to pages.

Schobel et &l

RQ3: How are the performances of novices and
experts changing from the first to the last task (data
collection instrument) of Session 2?

RQ4: How are the performances of novices and
experts changing from the first task (data collection
instrument) of Session 1 to the last task (data
collection instrument) of Session 2?

RQ5: How many tasks (data collection instruments)
are necessary until the performance metrics of novices
are as good as those of experts at the first task (data
collection instrument)?

Methods

Configurator Component

The combined use of well-known technologies from end-user
programming and business process management enables end
usersto create mobile data coll ection instruments on their own.
The most important views of the configurator component
(“Element and Page Repository View” and “Modeling Area
View”) are sketched in Figures 2 and 3; see [30] for more
details.

Element and Page Repository View (see Figure 2). The element
repository allows creating basic elements of a questionnaire
(eg, texts and questions). The rightmost part shows an editor
panel, where particular attributes of the respective elements
may be managed. The configurator enablesresearchersto handle
elementsin multiplelanguages and revisions. Maost importantly,
the created elements may be combined to pages using drag &
drop operations.

http://mhealth.jmir.org/2018/6/e148/
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Figure 3. The QuestionSys configurator: modeling a data collection instrument.
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Modeling Area View (see Figure 3). Previously created pages
may be used to model the structure of the data collection
instrument. Furthermore, researchersare ableto model advanced
navigation operations (eg, to skip pages depending on aready
given answers to previous questions) to adapt the instrument
during the data collection process. The modeling view, in turn,
provides guidance for untrained users; particularly, it does not
allow applying wrong operations to the model. Note that the
QuestionSys configurator appliesits own (graphical) modeling
notation. The latter, however, is inspired by BPMN 2.0, but
significantly simplifies the modeling process for individuals
having no experience with process modeling notations (eg, no
explicit data flow needs to be model ed).

Altogether, the configurator component and its model-driven
approach allow researchers to graphically define the elements
and logic of data collection instruments.

In order to be able to automatically collect the data needed for
the evaluation of the configurator component, the latter was
enhanced with a Sudy Mode that enables specific features. First,
it requires users to enter a code before using the configurator.
This code, in turn, is used to store all collected data in a
dedicated folder. Second, the configurator tracks the time when
a specific operation (eg, adding a page to the model) was
performed. Third, after performing the operation, an image of
the model is stored on the computer. This allows reproducing
the process of modeling adata collection instrument step-by-step
aswell asmanually evaluating the errorsin the resulting model.

Study Procedure

Participants model ed aseries of data collection instruments (ie,
5 data collection instruments per session) with the QuestionSys
configurator over 2 sessions (with 7 days between Session 1
and Session 2). A controlled environment was chosen for this
study in order to be ableto quickly react to upcoming problems.

http://mhealth.jmir.org/2018/6/e148/

RenderX
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For the study, 20 workstations, each comparable in hardware
resources (eg, RAM and central processing unit cores), were
prepared in a computer pool a Ulm University. Each
workstation was equi pped with two monitors running acommon
resolution. Before each of the 2 sessions, respective workstations
were prepared carefully. Thisincludes, for example, reinstalling
the configurator component and placing the consent form,
description of tasks, and mental effort questionnaires next to
the workstation.

The procedure of the study is outlined in Figure 4. The study
started with welcoming the participants and introducing the
goa of the study as well as the overal procedure. Then, the
participants performed 2 tests (2 min each) measuring their
processing speed. Both tests are reliable and valid tests of the
Wechder Adult Intelligence Scale [31]. Next, we provided a
tutoria (approximately 5 min) demonstrating the most important
features of the configurator. Before conducting the main part
of the study, the participants were asked to fill in ademographic
guestionnaire. Up to this point in time, the participants were
allowed to ask questions. Next, participants had to model 5 data
collection instruments (tasks; see Table 2) using solely the
provided configurator component, followed by filling in ashort
guestionnaire. Concluding the first session, participants had to
answer ashort questionnaire again. Altogether, thisfirst session
took approximately 50 min.

After pausing for exactly 1 week, the participantswerereinvited
for a second session. The latter, however, was much shorter as
the collection of demographic data could be skipped. Participants
were given 5 new tasks (ie, to model 5 new data collection
instruments; see Table 2), and they had to answer the short
guestionnaires again.

Thedata, automatically recorded by the configurator, werethen
uploaded to a network-attached storage after each session.
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Figure 4. Study design.
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Table 2. Short description of the tasks to be modeled by participants.

°| operations, and tasks
were comparable in
complexity

Participants got a
°| chocolate bar for

participating

# Modeling a questionnaire Pages Decisions
1 ...to collect information about flight passengers 5 2
2 ...to help customers select an appropriate mobile phone 5 2
3 ...to help collect required information for travel expense reports 5 2
4 ...to order food and drinks online 5 2
5 ...to support customers select amovie and book cinema tickets 5 2
6 ...to help customers select an appropriate laptop computer 5 2
7 ...to support customers book seats for a theater play 5 2
8 ...to inform patients regarding their upcoming surgery 5 2
9 ...to guide customers through the process of purchasing a new coffee machine and equipment 5 2
10 ...to collect required data to conclude a contract in agym 5 2

All materials and methods were approved by the Ethics
Committee of Ulm University and were carried out in
accordance with the approved guidelines. All participants gave
their informed consent.

Tutorial

Before working with the configurator app, a screencast tutorial
was presented directly to each participant. The latter was
recorded by us; it describes how to create a very simple data
collection instrument. No voice or sound wasrecorded; however,
the screencast was annotated with small comments in
postproduction.
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Tasks

Each task to be modeled was presented in a textua
representation that described the overall structure of the data
collection instrument to be created.

When designing the tasks for the participants, we paid close
attention to thefact that all 10 tasks were mutually comparable.
As this study intended to measure the learnability, which is a
contributory factor of the overall usability of the configurator,
it was of utmost importance to keep the complexity for all
modeling tasks constant. Tasksin divergent complexity, inturn,
may limit the validity of the study results as a change in
performance measures may be attributed to a more complex
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model itself or respective learning effect. The overall complexity
includes, on one hand, the complexity of the textual
representation handed out to the participants and, on the other,
the complexity of the resulting data collection instrument.

All tasks were designed so that a perfect instrument modeling
solution would need exactly the same number of operations.
Furthermore, each model contained two decision pointsin order
to influence the further processing of the instrument based on
given answers. Thematically, the models to be created were
selected from various domains, ranging from a health care
instrument up to aquestionnairefor afood delivery service (see
Table 2).

Participants

In total, 80 participants were recruited at Ulm University for
the experiment. Most of them were students or research
associates from various departments, like computer science,
economics, chemistry, psychology, and medicine [32]. We
recruited participants from these different disciplines to allow
acomparison of how individuals with no experience in process
modeling can learn using the configurator compared with
individuals with experience in process modeling. The target
group (end users from medical, psychological, or social
sciences) that shall be empowered by the configurator to develop
mobile data collection instruments has most probably no
experiencein process modeling. During the recruitment phase,
we paid close attention to maintaining the balance between
female and male participants. Students willing to participate
wereinstructed according to the devel oped study design, which
was explained to them before, and they were additionally
informed that there will be 2 consecutive sessionsto attend. To
ensure that all participants correctly understood the tasks to be
performed by them, al relevant material was handed out in
German [33]. Participants who answered the preguestion (ie, a
guestion in the demographic questionnaire) “Do you have
experience in process modeling” with yes were classified as
experts, whereas participants who answered this question with
no were classified as hovices. It should be kept in mind that this
isonly one (simplified) possibility to classify participantsinto
novices and experts. Another possibility would be morein-depth
prequestioning of participants (eg, asking about familiarity with
notations such asBPMN, asking for examples of processmodels
they have created, and asking specific questions about particular
items in process modeling notations). This would lead to a
spectrum of rated expertise, rather than the simplified binary
approach used in this study.

Altogether, our classification resulted in 45 novices and 35
experts. Three of the recruited participants did not participate
in the second session (1 novice and 2 experts). Therefore, RQs
2-4 (RQs that included data gathered in the second session)
were investigated with 77 participants (44 novices and 33
experts).

Baseline Measures

To evaluate whether experts and novices differed in their
cognitive ahilities, we performed 2 established tests measuring
their processing speed [31]. Within 2 min each, participants had
to assign symbols to numbers (“Digital Symbol Coding”) and
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detect symbolsfrom within aset of symbols (* Symbol Search”).
Differences in cognitive abilities at baseline would be a
confounder as a higher cognitive ability could result in better
or faster learnability of the configurator.

Questionnaires

A demographic questionnaire collecting personal information
(eg, gender or education) was handed out to the participants.
Specific focuswas put on questions about their prior knowledge
regarding process modeling, in general, or about how many
process models they had read and written during the last 12
months, in particular. After completing each task, participants
had to answer 5 questions regarding their mental effort when
modeling the instrument. At the end of each session, they had
to answer questions regarding the quality of the modeled
instruments or their own competence when working with the
provided configurator component.

Perfor mance M easures

The following performance measures were collected:

Time

The moment participants started modeling their instruments,
the respective timestamp was added to an Excel file stored in
the configurator app’s directory. Once the task was completed,
another timestamp was added to the file. This allowed us to

evaluate the time taken to complete the respective tasks on a
fine-grained level (values were assessed in milliseconds).

Operations

Whenever participants interacted with the instrument (eg, by
adding anew page), their specific operationswerelogged in an
Excd file. In addition, the time at which the participant executed
this operation was logged. Finaly, the configurator took an
image of the current model after performing the respective
operation and stored it to the directory of the participant.

Errors

It was not possible for the configurator to automatically assess
the errors in the resulting model (eg, order of branches in
decision points may be switched or respective statements may
be inverted). Therefore, we manually evaluated all created
models based on the provided images. As the configurator
provided a snapshot of the model after each operation, it was
possible to recreate the modeling process of each participant.
Furthermore, this allowed us to assess the models on a
fine-grained basis.

Statistics

SPSS 23 was used for all statistical analyses. Freguencies,
percentages, means, and standard deviationswere calculated as
descriptive statistics. Novices and experts were compared in
baseline variables using Fisher's exact tests and t tests for
independent samples. To test RQs 1-4, t tests for dependent
samples were performed to investigate the change in the
performance measures between the tasks (data collection
instruments) specified in the corresponding RQ; these t tests
for dependent samples, in turn, were conducted separately for
novices and experts. t tests for independent samples were
performed to evaluate RQ5, thereby performances of novices

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 6 |e148 | p.66
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

at each task (data collection instrument) were compared with
those of experts at Task 1 of Session 1 (first data collection
instrument) in order to identify the tasks (data collection
instruments) for which the performances of novices were not
significantly different from those of expertsat Task 1 of Session
1 (first data collection instrument). All statistical tests were
performed two tailed; the significance value was set to P<.05.

Data Availability

Theraw dataset containing all collected datathat was analyzed
during thisstudy isincluded in this paper (and its supplementary
material).

Schobel et &l

Results

Baseline Comparison Between Novices and Experts

Table 3 summarizes the sample description and comparisons
between novices and experts in baseline variables. There were
more femal e participantsin the novices' sample and moremale
participants in the experts sample (P=.003). Moreover, the
experts sample comprised a higher percentage of participants
with a bachelor degree as highest education than the novices
sample, whereas the latter comprised a higher percentage of
participants with graduating high school as highest education
(P=.009). While a higher percentage of the novices sample
studied psychology than the experts’ sample, ahigher percentage
in the latter studied economics or computer science than in the
former (P=.001).

Table 3. Sample description and comparison between novices and experts in baseline variables.

Variable Novices (n=45) Experts (n=35) P value
Gender, n (%)

Female 31(69) 12(34)

Male 14 (31) 23 (66) .003%
Age (years), mean (SD) 21.20 (2.63) 22.72 (2.97)
Age category, n (%)

<25 years 29 (64) 17 (49)

25-35 years 16 (36) 18 (51) .1802
Highest education, n (%)

High school 13(29) 2(6)

Bachelor 32(71) 32(91)

Master 0(0) 13 .009%
Current field of study, n (%)b

Economics 14 (33) 12 (40)

Media computer science 0(0) 8(27)

Computer science 1(2 6 (20)

International business 0(0) 1(3)

Chemistry 2(5) 0(0)

Psychology 26 (60.5) 3(10) .0012
Processing speed test 1: digital symbol coding, mean (SD)

Correct answers 84.33 (21.76) 81.11 (21.89) 515

Wrong answers 0.07 (0.25) 0.06 (0.24) .864
Processing speed test 2: symbol search, mean (SD)

Correct answers 41.93 (7.77) 38.91 (8.53) 103

Wrong answers 1.73(1.98) 1.63 (1.50) .795

Fisher's exact test.

bN=73/80 (91%) participants gave information on their current field of study.
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Resultsfor RQ1

Time

Novices (n=45): The mean time (in milliseconds) required for
the first task of Session 1 (first data collection instrument) was
452,334.29 (SD 209,527.70), and the mean time required for
the last task of Session 1 (fifth data collection instrument) was

135,273.89 (SD 49,861.64). This improvement reached
statistical significance: t (44)=10.71; P<.001.

Experts (n=35): The mean time needed (in milliseconds) for a
task significantly decreased from 405,444.89 (SD 248,497.68)
at thefirst task of Session 1 (first data collection instrument) to
147,251.91 (SD 91,181.39) at the last task of Session 1 (fifth
data collection instrument): t (34)=6.12; P<.001.

Operations

Novices (n=45): Operations significantly decreased from amean
17.60 (SD 7.87) at thefirst task of Session 1 (first datacollection
instrument) to 11.24 (SD 3.68) at the last task of Session 1 (fifth
data collection instrument): t (44)=5.23; P<.001.

Experts (n=35): Significantly less operations were needed at
the last task of Session 1 (fifth data collection instrument) than
at the first task of Session 1 (first data collection instrument):
17.49 (SD 11.20) at the first task of Session 1 and 11.31 (SD
3.98) at the last task of Session 1: t (34)=3.41; P=.002.

Errors

Novices (n=45): Errors nonsignificantly decreased from 1.24
(SD 2.15) at the first task of Session 1 (first data collection
instrument) to 1.00 (SD 1.83) at the last task of Session 1 (fifth
data collection instrument): t (44)=0.88; P=.386.

Experts (n=34, as errors were not available for one expert
because of corrupted snapshot images): Errors decreased from
amean of 0.35 (SD 0.88) at thefirst task of Session 1 (first data
collection instrument) to 0.32 (SD 0.84) at the last task of
Session 1 (fifth data collection instrument). However, this
change was not statistically significant: t (33)=0.16; P=.876.
Resultsfor RQ2

Time

Novices (n=44): The mean time (in milliseconds) significantly
increased from the last task of Session 1 (fifth data collection
instrument) to the first task of Session 2 (sixth data collection

instrument): 133,725.80 (SD 49,332.01) versus 235,291.93 (SD
167,630.02); t (43)=-3.82; P<.00L.

Experts (n=33): No significant change in the mean time (in
milliseconds) emerged between the last task of Session 1 (fifth
data collection instrument) and the first task of Session 2 (sixth
data collection instrument): 148,253.30 (SD 93,726.57) versus
222,304.67 (SD 227,425.64); t (32)=—1.76; P=.088.

Operations

Novices (n=44): Significantly more operations were observed
at the first task of Session 2 (sixth data collection instrument)
than at the last task of Session 1 (fifth data collection
instrument): 11.11 (SD 3.61) versus 13.89 (SD 6.88); t
(43)=-2.25; P=.030.
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Experts (n=33): Operationsdid not significantly change between
the last task of Session 1 (fifth data collection instrument) and
the first task of Session 2 (sixth data collection instrument):
10.97 (SD 3.62) versus 12.70 (SD 5.93); t (32)=-1.46, P=.155.

Errors

Novices (n=44): Errors did not significantly change between
the last task of Session 1 (fifth data collection instrument) and
the first task of Session 2 (sixth data collection instrument):
1.02 (SD 1.85) versus 0.86 (SD 1.44); t (43)=0.69; P=.492.

Experts (n=33): From the last task of Session 1 (fifth data
collection instrument) to the first task of Session 2 (sixth data
collection instrument), errorsdid not significantly change: 0.33
(SD 0.85) versus 0.46 (SD 0.97); t (32)=—0.61; P=.545.

Resultsfor RQ3

Time

Novices (n=44): The mean time (in milliseconds) significantly
decreased from thefirst task of Session 2 (sixth data collection
instrument), 235,291.93 (SD 167,630.02), to the last task of

Session 2 (tenth data collection instrument), 107,957.18 (SD
54,837.64): t (43)=5.12; P<.001.

Experts (n=33): The mean time (in milliseconds) significantly
decreased from thefirst task of Session 2 (sixth data collection
instrument), 222,304.67 (SD 227,425.64), to the last task of
Session 2 (tenth data collection instrument), 85,600.36 (SD
23,698.01): t (32)=3.53; P=.001.

Operations

Novices (n=44): Operations became significantly less from the
first task of Session 2 (sixth data collection instrument), 13.89
(SD 6.88), to the last task of Session 2 (tenth data collection
instrument), 11.55 (SD 4.86): t (43)=2.01; P=.050.

Experts (n=33): Significantly less operations were needed at
thelast task of Session 2 (tenth data collection instrument), 9.45
(SD 1.06), than at thefirst task of Session 2 (sixth datacollection
instrument), 12.70 (SD 5.93): t (32)=3.00; P=.005.

Errors

Novices (n=44): Errors did not significantly change between
the first task (sixth data collection instrument), 0.86 (SD 1.44),
and last task (tenth data collection instrument), 0.64 (SD 1.01),
of Session 2: t (43)=1.26; P=.215.

Experts (n=33): No changein errors between thefirst task (sixth
data collection instrument), 0.46 (SD 0.97), and last task (tenth
data collection instrument), 0.30 (SD 0.85), of Session 2
emerged: t (32)=0.78; P=.443.

Resultsfor RQ4

Time

Novices (n=44): From the first task of Session 1 (first data
collection instrument) to the last task of Session 2 (tenth data
collection instrument), the mean time (in milliseconds)

significantly decreased: 456,322.02 (SD 210,215.59) versus
107,957.18 (SD 54,837.64); t (43)=11.30; P<.001.
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Experts (n=33): The mean time (in milliseconds) significantly
decreased from the first task of Session 1 (first data collection
instrument) to the last task of Session 2 (tenth data collection
instrument) 393,204.06 (SD 46,642.43) versus 85,600.36 (SD
23,698.01); t (32)=7.24; P<.001.

Operations

Novices (n=44): From the first task of Session 1 (first data
collection instrument) to the last task of Session 2 (tenth data
collection instrument), operations became significantly less:
17.80 (SD 7.85) versus 11.55 (SD 4.86); t (43)=4.98; P<.001.

Experts (n=33): Operations significantly decreased from the
first task of Session 1 (first data collection instrument) to the
last task of Session 2 (tenth data collection instrument): 17.18
(SD 11.41) versus 9.45 (SD 1.06); t (32)=3.83; P=.001.

Errors

Novices (n=44): Errors significantly decreased from the first
task of Session 1 (first data collection instrument) to the last
task of Session 2 (tenth data collection instrument): 1.7 (SD
2.17) versus 0.64 (SD 1.01); t (43)=2.09; P=.043.

Experts (n=33): Errorsdid not significantly change between the
first task of Session 1 (first data collection instrument) and the
last task of Session 2 (tenth data collection instrument): 0.36
(SD 0.90) versus 0.30 (SD 0.85); t (32)=0.30; P=.768.

Resultsfor RQ5

Time

The comparisons between the time (in milliseconds) of experts
at thefirst task of Session 1 and the time of novices at each task
are presented in Table 4. It can be seen that novices were not

significantly different from experts aready at the first task of
Session 1 (first data collection instrument) and that the time
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taken by novices at Tasks 3-10 was significantly less than that
taken by expertsat Task 1 of Session 1 (P=.363 comparing Task
1 of novices with Task 1 of experts; P=.062 comparing Task 2
of novices with Task 1 of experts; P<.001 comparing Task 3
of novices with Task 1 of experts; P<.001 comparing Task 4
of novices with Task 1 of experts; P<.001 comparing Task 5
of novices with Task 1 of experts; P=.001 comparing Task 6
of novices with Task 1 of experts; P<.001 comparing Task 7
of novices with Task 1 of experts; P<.001 comparing Task 8
of novices with Task 1 of experts; P<.001 comparing Task 9
of novices with Task 1 of experts;, P<.001 comparing Task 10
of noviceswith Task 1 of experts).

Operations

Table 5 compares the operations of experts at the first task of
Session 1 and those of novices at each task. Again, novices
performed not significantly different from experts already at
the first task of Session 1 (first data collection instrument).
Moreover, the operations of novices at Tasks 3, 4, 5, 7, 8, 9,
and 10 were significantly less than those of experts at Task 1
of Session 1. Only the difference between operations of novices
at Task 6 (first data collection instrument of Session 2) and
those of experts at Task 1 (first data collection instrument of
Session 1) did not reach statistical significance (P=.957
comparing Task 1 of novices with Task 1 of experts; P=.373
comparing Task 2 of novices with Task 1 of experts; P=.002
comparing Task 3 of novices with Task 1 of experts; P=.027
comparing Task 4 of novices with Task 1 of experts; P=.003
comparing Task 5 of novices with Task 1 of experts; P=.101
comparing Task 6 of novices with Task 1 of experts; P=.007
comparing Task 7 of novices with Task 1 of experts; P=.004
comparing Task 8 of novices with Task 1 of experts; P=.020
comparing Task 9 of novices with Task 1 of experts; P=.005
comparing Task 10 of noviceswith Task 1 of experts).

Table 4. Comparisons between the time (in milliseconds) taken by experts at the first task of Session 1 and that taken by novices at each task.

Sample and task Session N Mean (SD) P value?

Experts
Task 1 1 35 405,444. 89 (248,497. 68) —

Novices
Task 1 1 45 452,334. 29 (209,527. 70) .363
Task 2 1 45 310,765. 11 (198,970. 99) .062
Task 3 1 45 173,889. 87 (73,069. 81) <.001
Task 4 1 45 161,358. 91 (65,405. 85) <.001
Task 5 1 45 135,273. 89 (49,861. 64) <.001
Task 6 2 44 235,291. 93 (167,630. 02) .001
Task 7 2 44 126,357. 86 (59,195. 92) <.001
Task 8 2 44 188,537. 89 (144,107. 50) <.001
Task 9 2 44 155,625. 20 (90,902. 41) <.001
Task 10 2 44 107,957. 18 (54,837. 64) <.001

3P values compare experts (Task 1) with novices (Tasks 1-10).
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Table 5. Comparison between the operations of experts at the first task of Session 1 and those of novices at each task.
Sample and task Session N Mean (SD) P value®
Experts
Task 1 1 35 17.49 (11.20) —
Novices
Task 1 1 45 17.60 (7.87) .957
Task 2 1 45 15.42 (9.39) 373
Task 3 1 45 10.84 (3.05) .002
Task 4 1 45 12.91 (4.19) .027
Task 5 1 45 11.24 (3.68) .003
Task 6 2 44 13.89 (6.88) 101
Task 7 2 44 11.64 (5.33) .007
Task 8 2 44 11.41 (3.87) .004
Task 9 2 44 12.46 (5.92) .020
Task 10 2 44 11.55 (4.86) .005
8 values compare experts (Task 1) with novices (Tasks 1-10).
Table 6. Comparisons between the errors of experts for the first task of Session 1 and those of novices at each task.
Sample and task Session N Mean (SD) P value®
Experts
Task 1 1 34 0.35(0.88) —
Novices
Task 1 1 45 1.24 (2.15) .015
Task 2 1 45 1.40 (2.33) .008
Task 3 1 45 0.80 (1.56) 112
Task 4 1 45 1.53 (2.07) .001
Task 5 1 45 1.00 (1.83) 042
Task 6 2 44 0.86 (1.44) .058
Task 7 2 44 0.68 (1.14) .168
Task 8 2 44 0.75 (1.28) 109
Task 9 2 44 0.84 (1.52) 101
Task 10 2 44 0.64 (1.01) 192

3P values compare experts (Task 1) with novices (Tasks 1-10).

Errors

Table 6 summarizes the comparisons between the errors of
expertsat thefirst task of Session 1 and those of hovicesat each
task. Novices made significantly more errors at almost each
task of Session 1 (except for Task 3) than did experts at Task
1 of Session 1.

The errors of novices at each task of Session 2 were, however,
not significantly different from those of experts at Task 1 of
Session 1 (P=.015 comparing Task 1 of noviceswith Task 1 of
experts, P=.008 comparing Task 2 of novices with Task 1 of
experts;, P=.112 comparing Task 3 of novices with Task 1 of
experts, P=.001 comparing Task 4 of novices with Task 1 of
experts, P=.042 comparing Task 5 of novices with Task 1 of
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experts; P=.058 comparing Task 6 of novices with Task 1 of
experts, P=.168 comparing Task 7 of novices with Task 1 of
experts; P=.109 comparing Task 8 of novices with Task 1 of
experts; P=.101 comparing Task 9 of novices with Task 1 of
experts; P=.192 comparing Task 10 of novices with Task 1 of
experts).

Discussion

This study evaluated the QuestionSys configurator, which was
developed to empower end users to develop mobile data
collectioninstruments. Intotal, 80 participants with and without
knowledge of process modeling (ie, experts and novices,
respectively) took part and modeled 10 data collection
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instruments at 2 sessions. Within each session (RQ1 and RQ3),
alearning effect was observed: time and number of operations
needed to model the data collection instruments becamelessin
each session for novicesaswell asfor experts. Also, across both
sessions (RQ4), novices as well as experts improved their
needed time and operations, adding further evidence to the
mentioned learning effect. Across both sessions, novices aso
showed adecreasein errorsfrom thefirst to thelast (tenth) data
collection instrument. This learning effect across onswas
not observed for experts, probably because they already had
very few errorsin thefirst datacollection instrument. Yet, errors
were not reduced within sessions, indicating that the learning
effect regarding reducing errorstook moretimein novicesthan
the learning effect regarding time and operations.

One week after Session 1 (without using the configurator
component), the performances of experts did not change, but
needed operations and time increased again in novices (RQ2).
This might indicate that the within-session learning effect of
novices was not as robust to an interval without using the
configurator as the within-session learning effect of experts.
One reason to explain this result might be that experts work
with this type of app on a “day-to-day” basis, retaining some
level of expertise between sessions. When novices did not use
the configurator for 1 week, they needed to get themselves
acquainted with the configurator again, and our results showed
that novices got better or faster relatively quickly when they
started using the app again. The decay of |learning noticed within
the novices sampleisasalient factor to be considered and may
have practical implications, especially in scenarios requiring
infrequent adaptations of instruments. However, as mentioned
in the introduction, the QuestionSys configurator addressesthe
above scenarios in which frequent adaptations of instruments
are required. Besides, even for scenarios where infrequent
adaptations become necessary, the QuestionSys configurator
provides an applicable approach when used by end users
experienced in process modeling (ie, experts) as they did not
show a decay of learning in this study. However, note that
although scenarios with infrequent changes may be supported,
they do not constitute the main target of the QuestionSys
configurator.

Finally, RQ5 evaluated how many tasks needed to be completed
by novices in order to be as good as experts at the first task.
Interestingly, novices became significantly faster from the third
task on. Moreover, from the third task on, novices needed
significantly less operationsthan experts at thefirst task, except
for Task 6. This might be attributed to the already-mentioned
within-session |learning effect causing novices to forget how to
properly work with the configurator more quickly compared
with experts.

Degspite the fact that novices did not need to model many data
collection instrumentsin order to be faster and that they needed
less operations than experts at the first modeling task, novices
were unable to catch up with experts regarding errors. In order
to allow for more error-free data collection instruments, more
training (than modeling 10 data collection instruments) might
be necessary for novices. Furthermore, one could argue that
experts are the sample of choice when the data collection
instrument should have as less errors as possible.
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Several limitationsto this study [34] need to be discussed. First,
the process of selecting the participants limits external validity
or generalizability as mostly students and research associates
were recruited for this study. In this context, however, one
approach discusses that students may act as proper substitutes
in empirical studies [32]. Furthermore, the classification of
recruited participants into novices and experts solely based on
a“yes or no” question may be oversimplified and subject for
discussion. A morein-depth prequestioning of participants (eg,
asking about familiarity with notations such as BPMN, asking
for examples of the process models they have created) might
allow analysis of how performance depends on the whole
spectrum of rated expertise. However, in this study, we aimed
to classify novices and experts by distinguishing between no
process modeling experiences at all or being in touch with
process modeling. Finally, a more elaborated classification by
directly observing individual s during modeling or by inspecting
theimages recorded during the modeling process may be applied
infuture research. Next, threatsto theinternal validity congtitute
the baseline differences between novices and experts regarding
gender, education, and field of study. As stated earlier, these
differences were intentional as we recruited from different
disciplines to be able to compare how well novices could learn
using the configurator compared with experts. Thetarget group
(end usersfrom medical, psychological, or social sciences) will
most likely have no experience in process modeling. Tests
measuring processing speed indicated equal cognitive abilities
between both groups. Differencesin cognitive ability at baseline
would be a confounder as this could result in better or faster
learnability of the configurator. As another shortcoming, the
experts sample consisted of |ess participants than the novices
sample so that the statistical power was higher in tests for the
novices sample. Another limitation of this study was that the
tasks to be modeled were from various domains (see Table 2).
However, the modeling concept used within the configurator
is domain agnostic. In order to show the feasibility of this
approach for different domains, avast number of scenarioswere
modeled. Likewise, the tasks to be modeled did not include
modeling of sensors that may be connected to smart mobile
devices (eg, to measure vital health care parameters during an
interview). In order to deal with these limitations, however, a
study specifically targeting health care instruments and the
integration of related sensors may be subject for future research.

Degspite these limitations, the strength of the study was that we
specifically focused on the learnability of the QuestionSys
configurator. Note that learnability is a contributory factor to
the overall usability. For example, many usability attitude scales
explicitly include learnability factors. Interestingly, usability is
often measured by subjective reports (eg, usability scales). In
this context, studiesthat measure learnability not by self-reports
but by performance measures are more complex and time
consuming than those using opinion-based instruments (eg,
System Usability Scale [SUS]) [35]. Therefore, measuring
learnability by performance measures is often neglected in
usability studies [36], although it may have an impact on the
successor failure of an app [37]. Despite thefact that there exist
aplethoraof best practices on how to create auser-friendly app,
most of them deal with the proper design of the user interface
[38-40] or with the enhancement of the overall user experience
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[41,42]. Note that there also exist instruments that assess these
propertiesfairly easily (eg, SUS[35]). Although such measures
are useful and have proven their applicability in various ways,
they might be misleading when evaluating sophisticated apps
used by end users with little (or no) IT knowledge. In such
scenarios, focusing on the experience gained (ie, learning) when
continuously working with an app that needs to be evaluated
may be more conclusive. However, learning is a process that
takes place over time and takes practice into account aswell. It
can be measured by evaluating the time and effort needed to
become better at doing something [43]. Thereby, learnability
can be measured using various performance metrics. However,
efficiency-based metrics (eg, the time needed, errors committed,
or operations required) during task completion are the most
€Ommon ones.

In summary, the results of this study valuably replicate and
extend the results of a previous pilot study [29]. The main
findings show that even novices can properly use the
configurator and that novices as well as experts perform better

Schobel et &l

when they use the configurator more often (learning effect).
Addressing the abovementioned reasons for the lack of
sophisticated mobile data collection instrumentsin large-scale
scenarios (see Introduction), the developed configurator
component helps build awareness regarding the capabilities of
the smart mobile devices used nowadays (see Reason 1).
Furthermore, it may allow using sensors during the procedure
of collecting data, which may support more complex data
collection scenarios (see Reason 2). Most importantly, however,
the configurator component not only allowsresearchersto create
data collection instruments themselves but also provides a
common (graphical) notation that may improve the
communi cation between researchers and mobile app devel opers
(see Reason 3). Altogether, QuestionSys will significantly
influence the way data are collected in large-scale studies (eg,
clinical trials). To the best of our knowledge, usability issues
in the context of creating mobile data collection apps by
researchers have not been studied at this scale previoudly.
Furthermore, this may serve as a valuable benchmark for
collecting datain general.
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Abstract

Background: Although digital health tools are increasingly recognized as effective in improving clinical outcomes such as
asthma control and medication adherence, few studies have assessed patient experiences and perception of value.

Objective: The aim of this study was to evaluate patient satisfaction, perception of usability and value, and desire to continue
after 12 months of using adigital health intervention to support asthma management.

Methods: Participants were enrolled in a randomized controlled study evaluating the impact of a digital health platform for
asthma management. Participants used electronic inhaler sensors to track medication use and accessed their information in a
digital health platform. Electronic surveys were administered to intervention arm participants aged 12 years and older after 12
months of use. The survey assessed asthma control, patient satisfaction with the sensor device, and perception of the usability
and value of the digital health platform through closed-ended and open-ended questions. Logistic regression models were used
to assess the impact of participants characteristics on survey completion, satisfaction, and perception of value.

Results:  Of the 207 intervention arm participants aged 12 years and older, 89 submitted survey responses (42.9% response
rate). Of these 89 participants, 70 reported being very satisfied (79%, 70/89) or somewhat satisfied (20%, 18/89) with the inhaler
sensor device. Moreover, 93% (83/89) expressed satisfaction with the reports, and 90% (80/89) found the information from the
reports useful for learning about their asthma. In addition, 72% (64/89) of the participants reported that they were interested in
continuing to use the sensor and platform beyond the study. There were no significant differences in satisfaction with the device
or the platform across participants characteristics, including device type, age, sex, insurance type, asthma control, or syncing
history; however, participants with smartphones and longer participation were more likely to take the survey.

Conclusions: Electronic sensors and a digital health platform were well received by participants who reported satisfaction and
perceived value. These results were consistent across multiple participants’ characteristics. These findings can add to a limited
literature to keep improving digital health interventions and ensure the meaningful and enduring impact on patient outcomes.

(JMIR Mhealth Uhealth 2018;6(6):€133) doi:10.2196/mheslth.7362
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asthma; mHealth; surveys and questionnaires; patient satisfaction; perception; self-management
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Methods

Cost of Asthma

The health impact and economic costs of asthmaare significant,
with the annual direct costs approaching US $50.1 billion and
indirect costs such aslost productivity contributing an additional
US $5.9 hillion [1-3]. Despite asthma's negative impact on
health, patient self-management remains a challenge, with
controller medication adherence rates of approximately 30%
[4-7]. Asthma self-management requires daily work by the
patient, including adherence to complex medication regimens
and addressing multiple triggers of symptoms.

Digital Health Interventionsfor Asthma

Digital health interventions have been used increasingly in
self-management interventions for asthma. For example, the
development of mobile apps for asthma management doubled
between 2011 and 2013 [8]. These interventions, which can
include tools such as short message service, mobile apps,
Web-based portals and websites, and electronic inhal er sensors,
offer new waysfor patientsto monitor and manage their asthma.
A limited but growing body of literature demonstrates the
effectiveness of digital interventions in improving clinical
outcomes, including asthma control, adherence, and
symptom-free days [9-24].

Better understanding of how patients perceive and use digital
health interventionsto achieve improved outcomesis of utmost
importance; however, there have only been a few studies
published that focused on this topic. A recent review of digital
health interventions across multiple diseases found that usability
was assessed in only 33% of studies [25]. Within the asthma
literature, a systematic review concluded that “patient
perspectives have been largely ignored” [26]. A small number
of studies have evaluated patient perceptions of asthma apps
[19,24] or electronic inhaler sensors [27,28], but these have
been limited to small samples over short periods of time (1-4
months). Littleis known about how patients perceive the utility
of combining electronic inhaler sensors with maobile apps and
other digital tools. Furthermore, no studies have explored patient
perceptionsin areal-world setting over a sustained duration.

The study’s primary objective was to evaluate participant
satisfaction, perception of usability and value, and overall
experience after sustained use of a digital health intervention
combining sensors, a mobile app, a Web dashboard, and email
communication, to support asthmamanagement in areal-world
setting. The study also aimed to explore whether these
perceptions would be influenced by specific participants
characteristics such as age, gender, device ownership, insurance
type, asthma control, and engagement. Improving the
understanding of how diverse patients experience digital tools
for asthma self-management will contribute to the success of
these tools and the durability of their effects.

http://mhealth.jmir.org/2018/6/e133/

Digital Health Platform

Participants were enrolled in arandomized controlled study to
eval uate the impact of aFood and Drug Administration—cleared
digita hedth platfform on asthma outcomes including
short-acting beta-agonist (SABA) use and asthma control. The
digital health platform includes electronic inhaler sensors
(Propeller Health, Madison, Wisconsin) that attach to inhaled
asthma medications (Figure 1). The sensor monitors the date,
time, and frequency of medication use and transmits these data
back to secure servers through a smartphone app or hub base
station. Location data are collected on medication use among
patientswho have asmartphone. The sensorsregularly transmit
data back to the server, or sync, through the smartphone or hub.
The version of the sensor that participants used in this study
required them to charge their sensors every 2 weeks.

The data collected by the sensors are presented back to patients
and hesalth care providers through the digital health platform.
The platform ams to promote disease awareness and
self-management by enabling access to a patient’'s own
medication use data, including daily assessments of asthma
control, adherence, identified triggers, and education based on
the national guidelines(NHLBI 2007). Theinformationisshared
viaanumber of communication channelsfor all users, including
weekly email reports, a Web-based dashboard, and a mobile
app for smartphone users. Additiona digital health platform
details have been described elsewhere [13,18].

Participant Enrollment

The clinical study enrolled adult and pediatric asthma patients
(N=495) in parallel armsfrom specialty and primary careclinics
at 2 sites in the Dignity Health system. Clinic staff enrolled
eligible participants with the following inclusion criteria: over
the age of 5 years, a provider diagnosis of asthma, presence of
a SABA prescription at study inception, Spanish or English
fluency, and absence of significant comorbidity such aschronic
obstructive pulmonary disease. Further study detail isdescribed
elsewhere [13].

Study Design

Participants were randomly assigned to either the intervention
or control group and matched on sex, age, insurance type (public
vs private), and baseline asthma control status (as defined by
an Asthma Control Test [ACT] score <19 indicating a lack of
asthmacontrol) [29]. All participants received at | east one sensor
to monitor their medication over a 12-month period. If a
participant had a smartphone, the study coordinator assisted
them in downloading the app and conducting afirst sync with
thesensor. If aparticipant did not have asmartphone, they were
provided ahub base station. This study used the earliest version
of the sensor, which had a 15-day battery life, and participants
were instructed to charge the sensor at regular intervals.
Intervention group participants (n=250) received full accessto
the digital health platform described previously for 12 months.
Physicians from the clinics could monitor the status of these
intervention patientsin real time and receive notifications about
SABA overuse through Web-based dashboards. The Dignity
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Health Institutional Review Board reviewed and approved this
study and survey (Trial Registration: ClinicalTrials.gov
NCT01509183).

Survey Data Collection

Surveys were administered electronically to participantsin the
intervention group who were aged 12 years or older at study
completion at 12 months (N=207). The exit survey assessed
asthma control with the ACT [29]. The study coordinator sent
participants an email invitation to complete the survey
electronically, and the coordinator made a single follow-up
attempt with participants who did not respond within 1 week.
Participants were given the option to take a paper version of
the survey and return it through the mail. The participants did
not receive any incentive to complete the exit survey.

The survey consisted of open- and closed-ended questions,
which evaluated satisfaction with the reports and information,
satisfaction with the sensor device, learnings as a result of
platform use, identified triggers, quality of communications
with health care providers, suggestionsfor improving the reports
and sensor, and interest in continued use of the platform.
Detailed survey questionsareincluded in Multimedia A ppendix
1.

Data Analysis

Closed-ended questions were analyzed by determining the
percentage of respondents who selected each of the possible
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responses. Thematic analysis of the open-ended responses in
the survey followed the structured approach described by Braun
and Clarke [30], where primary themes and subthemes were
identified and coded according to specific usability and value
topic areas. Two reviewers (KH and MB) independently
assessed the open-ended questions, met to address discrepancies,
and agreed on primary themes and subthemes. We report the
number and percentage of participantswho reported the primary
themes and subthemes.

We assessed participant engagement with the platform by
evaluating the mean email open rate, number of push
notifications received, and number of participant sign-insto the
dashboard or app. We used a logistic regression model to
evaluate if there were differences between those participants
who took the exit survey compared with those who did not
acrossthefollowing variables: age (12-17 yearsvs 18 yearsand
over), sex, insurance type (public vs private), device type
(smartphone vs hub), asthma control at intake (controlled vs
uncontrolled), syncing duration (time between thefirst and last
sync), and syncing frequency (number of syncs between the
first and last sync). Using a logistic regression modeling
approach, we also evaluated whether these variables were
associated with participants responses to the closed-ended
guestions on device and report satisfaction, usefulness, and
interest in continued use of the platform. Responses were
grouped based on binary categories, for example, satisfied versus
not satisfied, useful versus not useful.

Figure 1. Propeller Health sensor device, smartphone app, and hub base station. The Propeller sensor attaches directly to the metered dose inhaler and
objectively captures the date, time, and frequency of medication use. The sensor transmits these data wirelessly via Bluetooth to a paired smartphone,
where amobile app displays the information for the user. For participants without a smartphone, awireless hub transmits the data, which are accessible

through a Web-based dashboard.
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Results

Participants

Of the intervention group participants (N=250), 207 met the
requirement of being aged 12 yearsor older at study completion
to receive the exit survey. A total of 89 participants completed
the exit survey (Table 1), which represented a 42.9% response
rate (89/207). Among the participants who compl eted the survey
(N=89), the average and median ages were 42.7 and 45 years,
respectively; 85% (76/89) of participants were aged older than
18 years, 15% (13/89) were aged between 12 and 17 years, and
64% (57/89) of participants were female. Participants used a
variety of devicetypesto accessthedigita platform, including
smartphones (49%, 44/89; 27%, 24/89 iOS and 23%,
20/89Android) and hub base stations for those without
smartphones (51%, 45/89). In addition, 74% (66/89) of
participants had private insurance and 26% (23/89) had public
insurance. At the start of the study, 30% (27/89) of participants
were well controlled, 61% (54/89) were not well controlled,
and 9% (8/89) had an unknown control status.

Among the 207 intervention group participants, the logistic
regression model identified that participants who used
smartphones (P=.02), had a longer syncing duration (P<.001),
and higher syncing frequency (P<.001) were morelikely to take
the exit survey (Table 2). There were no other significant
differences across age, sex, asthma control, or insurance type
between those participants who took the survey and those who
did not.

Among the participants who completed the survey (N=89), on
average, they synced their sensor for 361 days over the course
of the study period (minimum: 264 days and maximum: 365
days). Participants synced their sensor 2149 times on average
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during the study or an average of 6 times per day. Participants
also had a mean email open rate of 78%, received 35 push
notifications, and had a mean 60 sign-ins to the patient
dashboard, which represents more than 1 sign-in per week. The
following results pertain to the 89 participants who completed
the survey.

Satisfaction With Inhaler Sensor Device

Participants reported their degree of satisfaction with theinhaler
sensor device, with 79% (70/89) of respondentsreporting “very
satisfied,” 20% (18/89) reporting “somewhat satisfied,” and 1%
(1/89) reporting “not at al satisfied” (Figure 2). There were no
significant differences in responses to this question across
participants’ devicetype, age, sex, insurance, asthmacontrol at
intake, or syncing history (see MultimediaAppendix 2). A total
of 37 participants (40%, 37/89) stated the inhaler device was
“easy,” including 3 subthemes of “easy to use” (32%, 29/89),
“easy to maintain” (6%, 6/89), and “easy to understand” (2%,
2/89). Moreover, 23 participants (26%, 23/89) described the
size of the device as “small” and “compact” (Table 3). Of the
subthemes relating to the size of the device, 10 participants
(11%, 10/89) specified that it did not “obstruct” or “interfere”
with their use of their inhaler and “was not bulky.” Furthermore,
17 participants (19%, 17/89) described the sensor’s convenience,
with the 2 subthemes of the device being “portable” and
functioning well.

The magjority of the participants (56%, 50/89) made no
recommendations for sensor improvements. Of the participants
who reported specific ideas for improvements (44%, 39/89),
the most frequent response was for alonger battery life (20%,
18/89). Participants al so reported wanting asmaller size device
(13%, 12/89). The remaining participants reported wanting a
more secure fit (4%, 4/89) or recommended additional features
such as adding a dose counter (6%, 5/89).

Table 1. Characteristics of participants who responded to the exit survey (N=89).

Characteristics of participants n (%)
Device

Smartphone 44 (49)

Hub 45 (51)
Asthma control

Well controlled 27 (30)

Not well controlled 54 (61)

Unknown 8(9)
Age (years)

12-17 13(15)

>18 76 (85)
Sex

Female 57 (64)

Male 32(36)
Insurance

Private 66 (74)

Public 23 (26)

http://mhealth.jmir.org/2018/6/e133/
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Table 2. Demographic and individual predictors of whether participants completed survey or not (N=207).

Characteristics of participants

Predictors of survey completion (N=207)

Merchant et al

Estimate (SE) P value
Device type (smartphone) 1.154 (0.508) .02
Age<18years 0.157 (0.640) 81
Syncing duration 0.063 (0.016) <.001
Syncing frequency 0.008 (0.002) <.001
Sex (male) 0.019 (0.438) .97
Insurance (public) —-0.118 (0.481) 81
Initial uncontrolled asthma -0.686 (0.854) 42
Initial well-controlled asthma —-0.471 (0.868) .59

Figure 2. Participants' responses to closed-ended questions: @) “How satisfied were you with the inhaler device?’ b) “Overall, how satisfied were you

with the reports?’ and c) “How useful were the reportsin helping you learn more about your asthma?’.

a)
Very
satisfied

Somewhat
satisfied

Not at all
satisfied

b)
Very
satisfied

Somewhat
satisfied

Not at all
satisfied

c)
Very
useful

Somewhat
useful

Not at all
useful

20%

79%

o

33%

80 100

60%

(@]

10%

80 100

45%

45%

(@]

10 20 30

40 50

http:/mhealth jmir.org/2018/6/e133/

XSL-FO

RenderX

JMIR Mhealth Uhealth 2018 | val. 6 | iss. 6 |€133 | p.80
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Merchant et al

Table 3. Primary themes, subthemes, and selected excerpts from open-ended responses about participants’ experience with the inhaler sensor device.

Primary and subthemes Representative quotes
Easy
Easy to use « ‘“ltiseasytouse”
e “lt waseasy to operate”
Easy to understand «  “Ingtructions for use are pretty straight forward.”
. “Easy tounderstand.”
Easy to maintain «  “Easy to attach to my inhaler.”
« “Easytouse[and] carefor.”
Size
Small o  “Small and compact.”
o “Smadl size”
Unobtrusive «  “Didn’t obstruct anything.”
« “Didn't getin the way.”
e “Not big or bulky which I liked.”
Convenience
Portable . “Easy to keep with you. Easy to carry.”
o “Fitsin purse”
Functioned well o  “Worked great.”
o "I liked that it worked wherever | went.”

Per ception of the Reports and Infor mation

Participants reported on their satisfaction and perceptions of
the reports' usability and value in supporting their asthma
management. A total of 60% (54/89) of the participantsreported
that they were “very satisfied” with the reports, 33% (29/89)
were “somewhat satisfied,” and 7% (6/89) were “not at al
satisfied” (Figure 2). There were no significant differences in
responses to this question across participants' devicetype, age,
sex, insurance, asthma control at intake, or syncing history (see
Multimedia Appendix 3).

Moreover, 33 (37%, 33/89) of participants reported liking the
content of the reports, including informative (9%, 8/89),
actionable (6%, 5/89), and easy to understand (8%, 7/89; Table
4). They also reported that they liked the report display (10%,
9/89) and the frequency (4%, 4/89). In addition, 23 participants
(26%, 23/89) shared that the reports provided new information
that increased their awareness of their asthma management.
Some participants did not see significant value in the reports,
responding that they did not view the reports (9%, 8/89), found
the reports to be only “generally helpful” (4%, 4/89), did not
receive the reports (3%, 3/89), or did not have any feedback to
share (9%, 8/89).

Per ceived Utility and Participant L earnings

Parti ci pants responded the information was“ very useful” (45%,
40/89), “somewhat useful” (45%, 40/89), or “not at all useful”
(10%, 9/89) in learning about their asthma (Figure 2). There
were no significant differences in responses to this question
across participants' device type, age, sex, insurance, asthma

http://mhealth.jmir.org/2018/6/e133/

control at intake, or syncing history (see Multimedia Appendix
4).

The participants reported several learningsfrom using the digital
platform (Table5). A primary themefocused on understanding,
identifying, and managing asthmatriggers (23%, 21/89). A total
of 53 participants (60%, 53/89) reported identifying up to 7 new
triggers. Weather, allergies, and exercise were the most
commonly identified triggers, documented across 79% (42/53)
of the participants who identified new triggers.

A second primary theme focused on improved self-awareness.
A total of 19 participants (21%, 19/89) specifically reported
learning from monitoring the timing, location, and frequency
of their medication use. Moreover, 10 participants (11%, 10/89)
described learning strategies for managing their asthmasuch as
taking their controller medications and avoiding specific
triggers. Furthermore, 6 participants (7%, 6/89) reported that
they discovered they were not as in control of their asthma as
they had believed or they confirmed that their treatment plan
helped them stay controlled. In addition, 5 participants (6%,
5/89) learned that they are accountable for their
self-management and have the capacity to control their asthma.
Participants could opt to discusstheir datawith their providers;
46% (41/89) of the participants reported that they had
conversations with their providers about their data.

Some participants reported not learning anything from the
reports: 16 participants (18%, 16/89) reported “none,” and 3
participants (3%, 3/89) reported not learning anything because
they were already well controlled.
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Table4. Primary themes, subthemes, and selected excerpts from open-ended responses about participants’ experience with the data reports.

Primary and subthemes Representative quotes
Content of reports
Informative o “Veryinformative”

«  “They contained relevant information.”

Actionable « “Tellsyou about asthmaso | can control it.”
«  “Indicate to me where and when | needed to improve my surroundings to limit asthma
problems.”
Easy to understand . “Easy toread and understand.”

. “Easytoread [and] interpret.”

“Being able to see the data was helpful "

“Regular feedback.”

Display (visual) .

o “Seeingavisua’”
Freguency .

L] “Ti mdy"

New infor mation that increased awareness

Triggers .

“Helped metry to focus on what my triggers are”

o “Kept up to date, let me know weather and pollen count.”

Timing and |ocation of medication use .

“1 could see how often | was using the medication as well as the location.”

« “GPS[Globa Positioning Systems] locations of incidentsis nice.”

Control .

“Tell me how well my asthma was controlled or not controlled.”

«  “Helpsto show tracking of asthmacontrol.”

Frequency of medication use .

“Knowing the actual number of time | needed meds.”

« “Kept me conscious of regular use of meds.”

Genera understanding .

“Told me how | was managing.”

o “They just alowed me to see the general picture about my condition.”

Participants were asked to provide suggestions for improving
the reports or platform. A total of 59 participants (66%, 59/89)
reported no improvements were needed, and 11 participants
(12%, 11/89) responded with “not sure” or “no comment.” The
remaining responses (21%, 19/89) offered specific suggestions
including more educational content on how to improve asthma,
information about how to subsidize medication costs,
improvementsin the app login process, additional customization
options for how to receive reports, changing the cadence of the
reports, and extending the sensor battery life.

http://mhealth.jmir.org/2018/6/e133/

Thefinal question of the survey asked participants whether they
would like to continue using the digital intervention: 72%
(64/89) of the participants reported that they were interested in
continuing to use the sensor and platform beyond the study.
There were no significant differences among those participants
who wereinterested in continuing or those who were not based
on a participant’s device type, age, gender, insurance type,
syncing history, or asthma control at intake (see Multimedia
Appendix 5).
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Table 5. Primary themes and subthemes of participant learnings as a result of the digital intervention.

Primary and subthemes

Representative quotes

Triggers
Specific triggers

To be aware of triggers

Value of being aware of triggers

M edication use

General awareness

Timing and location

Asthma control

New insights

Confirmation of control status

Management strategies

Management beliefs

Ways to communicate with doctor

“Worsens alot with exercise.”
“ Stress can bring on symptoms.”

“Should pay more attention to what triggers attacks.”
“| pay closer attention to my triggers.”

“Discovering the triggers of your asthma can better help you control it.”
“By being aware of the pollen count assist in what activities to do when.”

“It made me much more aware of the use of my inhaler”
“How often | was using my inhaler.”

“Learned that my asthma bothers me more at night and windy areas.”
“1 learned alot about when and where my attacks were at.”

“1 learned how well my asthma was controlled through those reports.”
“That it wasn't as controlled as | thought.”

“1 confirmed that my asthma is well-controlled with my current medication.”
“1t confirmed the combination of avoidance of known triggers and the medication keeps
it well managed.”

“To make sure to take the preventative every time.”
“How to stay away from what triggers my asthma.”

“That | can control it better if | try.”
“The program makes you accountabl e for taking the steps to control the asthma.”

“1 was never sure how often | used my rescue inhaler. When my doctor asked | could
not give him an accurate response and now | can.”
“1 learned that | need to talk to my doctor about my asthmaduring [and] post workouts.”

Discussion

Summary of Findings

Participants were satisfied with the digital health intervention
for managing their asthma and perceived value in using the
technology to support their self-management. Participants
reported improving their awareness, learning about trends in
their medication use, identifying new triggers, and objectively
monitoring how well their asthma is controlled, which they
could discuss with their doctor. Participants shared helpful
feedback regarding areas for improvement including interest in
longer battery life and smaller size of the device.

We saw no significant differences in the degree of satisfaction
and perceived usability across participants regardless of
participant age, gender, insurance type, asthma control,
technology adoption, and syncing duration. However, we did
observe that those with a smartphone and a longer record of
syncing were more likely to take the survey in the first place,
which could have biased the sampl e toward more engaged, more
technologically savvy participants. Despite this potential bias,
these results add to the limited evidence exploring patient
perspectives on digital health tools across diverse participants

http://mhealth.jmir.org/2018/6/e133/

and shed light on the perceived benefits of the tools as well as
opportunities for improvement.

Mechanisms for Supporting Self-M anagement

Thesefindingsalign with and supplement the existing evidence
[19,24,31], in particular adding to theliterature by demonstrating
participants’ perceptions among alarger cohort in areal-world
setting over aprolonged period of time. We explore 4 learnings
that emerged from the participants’ responses.

First, participants frequently emphasized ease of use for the
inhaler sensor in terms of deployment, comprehension,
maintenance, size, and convenience. Similarly, in asmall study
of adol escent asthma participants, patients cited the importance
of the device not drawing any attention, being small insize, and
being easily portable [28]. Furthermore, a review of previous
digital health intervention studies suggested that ease of use
and adaptation to an individual’s personal lifestyle are essential
factors for engagement and persistent use [32]. These findings
align with the concept of minimally disruptive medicine, which
aims to find ways to reduce patient treatment burden [33]. To
support this approach, digital tools enable passive data collection
of medication use, eliminating the burden of manual tracking.

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 6 [e133 | p.83
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

By providing objective documentation of medication use, trends,
and specific information about potential triggers, the
self-monitoring process can become more efficient and
actionable.

Second, participantsin this study and others have reported that
having objective data leads to increased self-awareness. This
finding alignswith the self-regulation model for chronic disease
and the more refined version for asthma management [24,34],
in which a patient goes through a process of self-monitoring
and ng feedback to inform behavior. Participants reported
gaining insights from monitoring medication use, especialy the
timing and location of medication use events, to identify
patterns, times of worsening, and potential triggers. Almost
one-quarter of patients valued learning about their asthma
triggers including specific environmental conditions, such as
temperature, humidity, and air quality, through the digital tool
to help inform their management.

Improved confidence in one’s ability to self-manage, as was
seen in some of the open-ended responses, is promising, but
further investigation is needed to evaluate the intervention’s
impact on self-efficacy. The survey design did not include
specific questions to assess self-efficacy; therefore, we are
unable to determine if the intervention had an impact on
self-efficacy. Future studies evaluating digital interventions for
asthma should thoroughly eval uate self-efficacy using validated
self-efficacy measures and surveys, such as the mini-Asthma
Quiality of Life Questionnaire[35], Self-efficacy and Situational
Barrier Survey Questionnaire (KASE-AQ) [36], and Mobile
App Rating Scale[37].

Third, this study found that participants value having
information they can sharewith their clinical providers. Almost
half of all participants had spoken with their clinical provider
about the data collected. A smaller subset reported using the
data to request medication adjustments, therefore taking more
responsibility for their management. These findings are
supported in a study that found that 70% of patients wished to
share their data with health teams[31].

Digital health tools can support the patient-provider relationship
through shared decision making [38,39]. By enabling the sharing
of data and the ability of patients to discuss specific issues as
they arise, patients and providers can work collaboratively to
adjust their management plan and achieve asthma control. A
recent study that surveyed clinical providersabout digital health
tools, such as sensors, documented similar perceived benefits.
Clinicians reported that objective data from sensors have the
potential to enable patients to see trends and patterns in their
medication use, increase accountability and confidence in their
management, and support discussion with clinical providers
[40].

Fourth, this study identified areas for improvement that can
inform digital health tool devel opment in the future. Participants
reported wanting a longer battery life for the sensors. This
feedback helped inform the development of the latest version

http://mhealth.jmir.org/2018/6/e133/

Merchant et al

of the sensors, which use Bluetooth low energy technology, do
not require charging, and have a battery life of 12-18 months.
In addition, some participants reported an interest in a smaller
device, which resulted in the devel opment of asensor with 30%
reduced volume. Participants also reported desiring more
personalization and customization in the notifications and
reminders and requested multiple methods of communication
so that they can select the method that works best for them at
theright time. Ongoing work isunderway to add persondization,
customization, and new communication options. There is
growing evidence in this study and others [24,31] indicating
how much patients value personalization and customization,
however, more research is needed to determine best practices
for identifying customizable features that will enhance patient
satisfaction and engagement.

Limitations

First, although the participants’ cohort wasfairly diversein age,
insurance type, technology use, gender, and asthma control
status, additional studies are needed to evaluate preferencesin
larger samples of different types of patientsacrossrace, pediatric
versus adult, geographic diversity, and hedlth literacy levels.
For example, this survey was only administered to participants
aged 12 years and older and therefore did not capture the young
pediatric patient or caregiver perspective. Second, the response
rate was 42.9%, and selection bias may have influenced the
results. Wedid find that parti cipants who used smartphonesand
those who remained in the program longer (defined by their
sync duration) were more likely to take the survey in the first
place. They may have experienced more value from a longer
interaction with the intervention and reported as such on the
survey. Future research should target individuals with early
study attrition to ensure amore compl ete understanding of their
perceptions of usability and satisfaction to enable scalability to
all populations. Third, theinfrastructure to capture more robust
individual-level participant engagement datawas limited, which
prevented a more complete understanding of participant
engagement and how this engagement may have influenced
overall satisfaction and perception of utility. Fourth, the survey
guestions were not derived from validated measures and did
not use standard Likert scales, which limited the generalizability
of theresults.

Conclusions

This study offers new insights about patient satisfaction,
preferences, and perceptions of adigital health intervention for
respiratory disease among a larger, fairly diverse cohort in a
real-world setting after a prolonged period of use. Participants
reported satisfaction with the sensor device and reports and
particularly valued the ability to integrate the device into
everyday life, the provision of accessible and meaningful
information to improve self-awareness, and the enhancement
of communication with health care providers. As the use of
digital toolsin health care expands, it will be critical to learn
from patient preferences and experiencesto ensure that thetools
fit well into their daily life and support their self-management.
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Abstract

Background: The Ottawa Ankle Rules, Ottawa Knee Rule, and Canadian C-Spine Rule—together known as The Ottawa
Rules—are a set of internationally validated clinical decision rules developed to decrease unnecessary diagnostic imaging in the
emergency department. In this study, we sought to develop and evaluate the use of a mobile app version of The Ottawa Rules.

Objective:  The primary objective of this study was to determine acceptability of The Ottawa Rules app among emergency
department clinicians. The secondary objective was to eval uate the effect of publicity efforts on uptake of The Ottawa Rules app.

Methods: The Ottawa Rules app was devel oped and publicly released for free on iOS and Android operating systems in April
2016. Local and national news and academic media coverage coincided with app release. This study was conducted at a large
tertiary trauma care center in Ottawa, Canada. The study was advertised through posters and electronically by email. Emergency
department clinicians were approached in person to enroll via in-app consent for a 1-month study during which time they were
encouraged to use the app when evaluating patients with suspected knee, foot, or neck injuries. A 23-question survey was
administered at the end of the study period via email to determine self-reported frequency, perceived ease of use of the app, and
participant Technology Readiness Index scores.

Results: A total of 108 emergency department clinicians completed the study including 42 nurses, 33 residents, 20 attending
physicians, and 13 medical students completing emergency department rotations. The median Technology Readiness Index for
this group was 3.56, indicating a moderate degree of openness for technological adoption. The majority of survey respondents
indicated favorable receptivity to the app including finding it helpful to applying the rules (73/108, 67.6%), that they would
recommend the app to colleagues (81/108, 75.0%), and that they would continue using the app (73/108, 67.6%). Feedback from
study participants highlighted a desire for access to more clinical decision rules and a higher degree of interactivity of the app.
Between April 21, 2016, and June 1, 2017, The Ottawa Rul es app was downloaded approximately 4000 times across 89 countries.
Conclusions: We have found The Ottawa Rules app to be an effective means to disseminate the Ottawa Ankle Rules, Ottawa
Knee Rule, and Canadian C-Spine Rule among all levels of emergency department clinicians. We have been successful in
monitoring uptake and access of the rules in the app as a result of our publicity efforts. Mobile technology can be leveraged to
improve the accessibility of clinical decision tools to health professionals.

(JMIR Mhealth Uhealth 2018;6(6):€10263) doi:10.2196/10263
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Introduction

Clinical decision rules attempt to reduce the uncertainty of
medical decision making by standardizing the collection and
interpretation of clinica data. These tools are derived from
origina research and incorporate 3 or more variables from
clinical assessment or simpletests. These offer concrete yes/no
answers and help clinicians with management decisions at the
bedside [1-3].

The Ottawa Knee Rule [4], Ottawa Ankle Rules [5], and
Canadian C-Spine Rule [6] are 3 internationally validated
clinical decision rules that were developed to facilitate rapid
detection of bone fractures upon entry into the emergency
department (ED) and reduce unnecessary radiographic series.
Invariousclinical trials, clinicians who applied the rules had a
28% reduction in ankle and 14% reduction in foot radiographic
series[7]. In addition to reducing unnecessary use of diagnostic
imaging services, appropriate application of the rules has been
shown to improve standardization of practice and care and
reduce emergency room wait times with significant health cost
savings [8-10]. Although clinical decision rules such as The
Ottawa Rules were devel oped to assist with bedside diagnostic
or therapeutic decisions, some may have limited impact dueto
weak clinician uptake in jurisdictions [11,12].

Use of mobile technologies in the health care setting has
provided clinicianswith ameans of rapidly and easily accessing
hospital information systems and services. Mobile apps now
assist clinicians with day-to-day tasks including health record
maintenance, patient management and monitoring, and medical
education and training. There exists an opportunity to leverage
increasing use of mobile devices to support easy and efficient
access to clinical decision rules.

In this study, we sought to develop and evaluate a mobile app
housing 3 validated ED clinical decision rules, collectively
known as The Ottawa Rules. Our primary objective was to
determine acceptability of a mobile app format of The Ottawa
Rules among ED clinicians (physicians, residents, nurses, and
medical students) at The Ottawa Hospital (TOH), in Ottawa,
Canada. The secondary objective was to evaluate the effect of
publicity efforts on uptake of The Ottawa Rules app.

Methods

M obile App Development

The Ottawa Rules app was devel oped natively for both iOS and
Android operating systems and as a mobile-enhanced website
at www.theottawarules.ca. App development was led by The
Ottawa Hospital mHealth Lab located at the Ottawa Hospital
Research Institute (OHRI). The Ottawa Knee Rule, Ottawa
Ankle Rules, and Canadian C-Spine Rule, together known as
The Ottawa Rules, were included in the app. Each rule was
made available as a set of images with clear procedural
guidelines. Instructional videos and linksto academic resources
for each rule were also included. The app was designed to

http://mhealth.jmir.org/2018/6/€10263/

include amechanism for feedback and support where userswere
permitted to provide suggestions for app improvements, report
bugs, and request technical assistance.

Pilot-Testing

Following internal al pha-testing, the prototype was beta-tested
on 6 consenting ED clinicians at TOH. Beta testers were
instructed to use the app as if they were experiencing the
circumstances outlined in provided mock clinical scenarios.
Scenarios involved a patient entering the ED with a suspected
knee, foot, or neck injury for which the clinicians needed to use
the app to determine whether theinjury would require diagnostic
imaging. Betatesters completed their mock scenario twice; once
asnew usersand once after having familiarized themselves with
the app for approximately 10 minutes. Semistructured interviews
with betatesterswere then conducted to establish further insight
into what content would be appropriate for the app and any
barriersto app access or perceived barriersfor app use. Findings
from beta-testing were then integrated into the app before its
public release.

App Release

The app was publicly released on April 21, 2016, for iOS
devicesviathe App Store, for Android devicesviaGoogle Play,
through OHRI's app porta, and on the Web at
www.theottawarules.ca. A press release was circulated on the
same day with local and national news sources, national and
international emergency medicine media, and through social
media messaging on &ffiliate Twitter accounts. Social media
posts about app release were also disseminated via affiliate
Twitter accounts and Facebook pages, and announcementswere
made at departmental rounds.

Study Enrollment

The study was advertised through poster displays in EDs at
TOH Civic and General campuses and email distribution to ED
staff and medical students at the University of Ottawa. Study
staff also showcased the new app at a hospital-organized digital
health networking event, resident rounds, and the hospital’s
annual academic research day. Primary study recruitment was
conducted in person by study staff. Participants were required
to be over 18 years of age, work in or be on rotation in the ED,
possess an ingtitutional email (TOH, OHRI, or University of
Ottawa), and own a persona or ingtitutional iOS or Android
mobile phone onto which they could download The Ottawa
Rulesapp. Since 2011, TOH has been equipping clinicianswith
iPads—clinicians also had the option of downloading The
Ottawa Rules app onto these institutional devicesand enrolling
in the study.

Inclusion criteria were assessed as part of the in-app informed
consent process. Figure 1 provides screen shots of The Ottawa
Rules app home screen with the “TOH Study” button for
participants, informed consent screen, and 1 of the 3 in-app
guidelines. From the app’s home screen interface, users could
select 1 of the 3 rules according to the patient’s suspected injury.
From the main menu, there were options to learn about The
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Ottawa Rules app, link to the lead physician’s Twitter account,
provide feedback, and read the terms of use. With the goal of
enhancing app usefulness, study participants had additional
access to hospital resources within the app; these featureswere
not available to general app users. Hospital resources included
TOH's antibiotic guidelines, nursing medical directives, and
triage algorithms.

Once enrolled, consenting participants had to verify their
institutional email before proceeding. Participants had in-app
access to the consent documents and contact information of
study staff throughout the duration of the study. Participants
were instructed to explore the app features and use the app as
reasonable when evaluating patients with suspected knee, foot,
or neck injuries. Thisstudy was approved by the Ottawa Health
Research Network Science Research Ethics Board
(#20150405-01H).

Data Collection

Frequency of use of The Ottawa Rules app was measured via
in-app analytics and user surveys as detailed below.

Participant Survey

One-month post-study enrollment, participants were prompted
via their verified institutional email to complete a usability
survey to assess their perceived acceptability and usability of
the app. The survey consisted of multiple-choice, 5-point Likert
scale, and open-ended questions designed to ascertain participant
demographics, ease of use, and intention for future use and
provide the opportunity for written feedback. Participants who
completed the end-study survey received an electronic coffee
gift card in the amount of Can $10 (US $8).

Figure 1. The Ottawa Rules interfaces on Android and iOS.
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Technology Readiness I ndex

The Technology Readiness Index (TRI) 2.0 was aso
administered in the 1-month survey. The TRI 2.0 includes 16
guestions that measure an individual’s innate “propensity to
embrace and use new technologies for accomplishing goalsin
home, life, and at work.” TRI questions are measured on a
5-point Likert scale ranging from 1=strongly disagree to
5=strongly agree and capture 4 dimensions. Two motivating
dimensions capture qualities of individual optimism and
innovativeness, whereas questions pertaining to individual
discomfort and insecurity are considered inhibiting dimensions.
A higher individual TRI indicates a higher likelihood to adopt
new technology: TRI 2.0 = (innovativeness + optimism + [6 —
discomfort] + [6 — insecurity]) / 4). Questions related to each
of the 4 TRI 2.0 dimensions are provided in Multimedia
Appendix 1.

Participant I n-App Activity

Analytics on participant use of the app were encrypted and sent
to asecure cloud server in Canadaadministrated by The Ottawa
Hospital mHealth Lab at OHRI. The following metrics were
collected on an individual level, only identified by study ID on
the server: date app wasfirst opened, number of timeseachrule
was accessed, number of consenting participants who did not
reopen the app, frequency of rule use, number of app sessions,
and number and content of submitted feedback reports.

Google Analytic Data

General anonymous usage data of The Ottawa Rules app were
collected through Google Analytics and used to gauge global
app uptake and success of promotiona activities. Google
Analytics was used to ascertain total downloads, geographical
region by |P address, app screens accessed, and average time
spent in the app.

L) i

The Ottawa Ankle Rules
A set of clinical diagnositc nules flor e termining the need for
auma.

Special Conditions

An ankle x-ray series is only required if...

A foot x-ray series is only required if...
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Results

Study Participants

A total of 155 consenting participants provided electronic
verification of their enrollment into the study, and 119 (76.8%)
participants submitted usability surveys 1 month after study
enrollment. Due to data quality concerns, participants who
enrolled under multiple email addresses and those who did not
complete the usability survey in full were excluded from
analysis. The final study cohort consisted of 108 participants
(Figure 2).

Nurses congtituted the largest number of study participants
(42/108, 38.9%), followed by residents (33/108, 30.6%),
physicians (20/108, 18.5%), and medical students (13/108,
12.0%). The majority of participants were 34 years of age or
younger (73/108, 68.2%) and owned iOS devices (87/108,
80.6%). Table 1 summarizesthe baseline characteristics of study
participants.

Usability Survey

When asked if they encountered any issues using the app, all
participants reported either strongly disagree (103/108, 95.4%)
or disagree (5/108, 4.6%). Self-reported frequency of use
revealed the majority of participants (92/108, 85.2%) used the
app at least once during the course of the study. A total of 43.5%
(43/108) of participants said they used the app weekly, 38.9%

Figure 2. Study flow diagram.
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verification of study enroliment
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(42/108) said monthly, 14.8% (16/108) said never, and 2.8%
(3/108) said they used the app daily (Figure 3).

Questions on app usahility revealed favorable reception by ED
clinicians. A total of 30.6% (33/108) of participants indicated
strongly agree or agree when asked if they used the app for the
majority of the cases that required application of the clinical
decision rules, 67.6% (73/108) of participants found the app
useful in applying the clinical rules (strongly agree, agree),
75.0% (81/108) indicated that they would recommend the app
to colleagues, and 67.6% (73/108) would continue using the
app in its current form. Figure 3 summarizes usability survey
data

In addition, 56.5% (61/108) of participants provided free-form
written feedback. Feedback included recommendations based
on functionality, acceptability, and available features.
Participantsreported adesire for accessto more TOH-devel oped
decision aids, particularly the addition of the Canadian CT Head
Rule and Subarachnoid Hemorrhage Risk Score. Users also
indicated wanting access to more institutional resources and
directives. A number of participants suggested inclusion of more
interactive features, including adrop-down menu for easier and
quicker navigation. Some indicated their preference for other
medical mobile apps that housed more comprehensive or
interactive lists of medical directivesand decision rules. Lastly,
participants highlighted the potential benefits of the use of the
app among early learners or community physicians who might
be less familiar with The Ottawa Rules.
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Table 1. Summary of participant characteristics (n=108).

Paradis et &

Characteristic Value
Age? (years), mean (SD) 33.7(9.9)
Agerange (years), n (%)
18-24 9(84)
25-34 64 (59.8)
35-44 14 (13.1)
45-54 14 (13.1)
55-64 6 (5.6)
Sex, n (%)
Male 49 (45.4)
Female 59 (54.6)
Level of training, n (%)
Medical student 13(12.0)
Nurse 42 (38.9)
Resident 33(30.6)
Physician 20 (18.5)
Years of service, mean (SD) 6.85 (7.8)
Years of service, n (%)
0-4 61 (56.4)
59 22(20.4)
10-14 7(6.5)
15-19 7(6.5)
20-24 4(3.7)
>25 7(6.5)
M obile operating system used, n (%)
i0S 87 (80.6)
Android 21 (19.49)

30ne participant did not report avalid age; this person’s age data is not reported.

Technology Readiness

After the exclusion of 6 incomplete surveys, the median TRI
score was 3.56 (interquartile range [IQR] 0.62) out of a
maximum score of 5, suggesting a slightly higher than average
(3.02) propensity for technological adoption among partici pants.
Examination of TRI scores across ED staff role (nurse,
physician, resident, medical student), age (<35 or =35 years),
by self-reported frequency of app use, and by response to
usability questions reveal ed no association between TRI scores
and patient demographics or user satisfaction and use of The
Ottawa Rules app. The distribution of participant responses to
survey questions ascertaining propensity to adopt new
technologies overall and by participant subgroup are provided
in Multimedia Appendix 1.

http://mhealth.jmir.org/2018/6/€10263/

In-App Activity

Study participants accessed the app atotal of 762 times between
April 21 and August 30, 2016 (Table 2). Server data showed
that of the 108 participants, 13 (12.0%) participants did not
venture beyond the app home screen to use specific app features,
confirming patterns of self-reported use. Nurses were the most
active users of the app features (responsiblefor 37.8% [288/762]
of activity), followed closely by ED residents (32.5% [248/762]
of activity). Of the 3 Ottawa Rules hosted in the app, the
Canadian C-Spine Rulewasthe most frequently accessed overall
(20.1% [153/762] of app events), followed by the Ottawa Ankle
Rules (134/762, 17.6%), and Ottawa Knee Rule (128/762,
16.8%). TOH guidelines and algorithms accounted for 45.5%
(347/762) of app events overall and were among the most
accessed tools across al participant subgroups.
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Figure 3. Usability survey responses.
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Table 2. In-app activity of study participants overall and by clinician role.

Overal, n (%) Students, n (%) Residents, n (%) Nurses, n (%) Physicians, n (%)
Total number of app events 762 (100) 121 (15.9) 248 (32.5) 288 (37.8) 105 (13.8)
Ankle Rules events 134 (17.6) 21 (17.4) 46 (18.6) 49 (17.0) 18 (17.1)
Knee Rule events 128 (16.8) 22(18.2) 37(14.9) 48 (16.7) 21(20.0)
C-Spine Rule events 153 (20.1) 26 (21.5) 46 (18.6) 47 (16.3) 34(32.4)
Other TOH? resources 347 (45.5) 52 (43.9) 119 (47.9) 144 (50.0) 32(30.5)

3TOH: The Ottawa Hospital.

Table 3. App activity from April 21, 2016, to June 1, 2017.
Metric Amount, n (%)

Total downloads (n=3863)

i0S 1853 (47.9)
Android 1638 (42.4)
Other 372(9.7)
Downloads by country (n=3863)
Canada 1234 (31.9)
United States 953 (24.7)
Spain 347 (8.9)
Other 1329 (34.5)
In-app events (n=7747)
Ottawa Ankle Rules 2066 (26.7)
Ottawa Knee Rule 1991 (25.7)
Canadian C-Spine Rule 1904 (24.6)
Additional features® 1786 (23.0)

8Additional featuresincludes other screens accessible from the app homepage or main menu (eg, Terms of Use, About).
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A summary of global app use and in-app activity since public
release is shown in Table 3. As of June 1, 2017, The Ottawa
Rules app had been downloaded nearly 4000 times across 89
countries. Usersin Canada accounted for the largest number of
downloads (1234/3863, 31.9%), followed by usersin the United
States (953/3863, 24.7%) and Spain (347/3863, 8.9%). The
Ottawa Ankle Rules were accessed 2066 times, followed by the
Ottawa Knee Rule (1991 times) and Canadian C-Spine Rule
(1904 times).

Uptake of the app across 89 countries worldwide may reflect
success of promotional efforts of our team for The Ottawa Rules
app. Such effortsincluded mediareleases[13], alocal morning
televised news broadcast, and dissemination of thework through
academic and clinical channels. We observed anincreasein app
downloads following circulation of a press release on May 9,
resulting in 202 daily downloads. The period between September
23-30, 2016, saw 171 new downloadsin Spain. Other potential
reasonsfor global success may be app usefulness spread through
word of mouth between clinicians and interactions or
presentations at national and international conferences.

Discussion

Principal Findings

Mobile apps can be leveraged to improve the accessibility of
clinical decision rules in the ED. Pilot-testing of The Ottawa
Rules app among ED workers produced useful feedback that
can be used to optimize the platform for our users. Overall,
survey data suggest the app was useful in guiding clinical
decision making and is a tool that clinicians would use in the
future and recommend to others. A preference for single-source
accessto clinical resourcesand inclusion of additional decision
rules and center-specific directives were among the most
frequently cited feedback responses. Users also indicated that
the platform could be improved by inclusion of interactive
features.

The Ottawa Ankle Rules, Ottawa Knee Rule, and Canadian
C-Spine Rulewere devel oped to reduce unnecessary radiography
for ankleffoot, knee, and cervical spine injuries without
jeopardizing patient care. The rules have been widely validated
across numerous international patient and hospital settings
[14-17] and have been shown to reduce department crowding
and patient length of stay [18] and save on hospital resources
[19]. Dissemination, uptake, and implementation of the rules
have not been optimal, however, even with educational strategies
[12,20].

Health care has been impacted by advances in mobile
technology. Whereas previously pagers and personal digital
assistants were commonplace, mobile phones and tablets are
now the preferred computing devices for hedth care
professionals [21]. Ownership and use of smart devices is
particularly high among the health care community, who report
using medical apps on personal devices for both clinical
activities and continued education [22,23]. Hedth care
professionalsincreasingly rely on electronic resourcesto support
patient management decisions, and there are numerous apps
availablethat help provideinformation on diagnosis, treatment,

http://mhealth.jmir.org/2018/6/€10263/
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and standard clinical formulas[24]. Other mobile apps, similar
to the one evaluated in this study, have been designed to help
clinicians identify the most appropriate scans or tests to order,
thereby increasing efficiency of use of hospital resources [24].
Medical apps, athough convenient, must be viewed with
caution, however. Despite the high rate of adoption of health
apps among young health care providers, medical professional
involvement in the development of such appsis notably limited
[23]. Asaresult thereisapaucity of literature for reference on
the rate of adoption, satisfaction, and use scores for apps used
by health care providers. With the number of such tools
becoming publicly available, the source of information upon
which medical apps and electronic resources have been
developed must be considered. Standardsfor the evaluation and
validation of medical apps are warranted to ensure that the
recommendations and outputs from these tools are reliable and
safe [25].

Strengthsand Limitations

This study has important strengths and weaknesses. Strengths
include close involvement of clinicians in the development of
The Ottawa Rules app, user testing among all levelsof ED staff,
the use of surveys to capture both closed and open-ended
feedback on the app system, and ahigh response rate (119/155,
76.8%). The successful completion of this study with over 100
ED workers of varied educational training, duration of
employment, and age demonstrated an openness of the clinical
community to trying new technology in the workplace. Our
ability to leverage 3 separate data collection mechanisms to
capture user-level (study participants) and aggregate-level (all
app users) app activity is also a notable strength. Self-reported
use of The Ottawa Rules app by participants, validated by server
analytics data, confirmed that 12% to 15% of participants did
not actively use the app despite having it downloaded on their
phones. Through server analytics, we were able to identify the
most frequently accessed app features and resources. Google
Analytics datafurther permitted review of in-app activity among
all users of the app, beyond the study cohort. Through Google
Analytics, patterns of download across geographies and by type
of devices were available for review, and trends in app activity
following promotional efforts could be assessed. The primary
weaknesses of this study were the small sample size,
self-selecting nature of participant recruitment, and our
single-center approach. This study also took place at atertiary
care hospital in an urban center where there was a high degree
of familiarity with The Ottawa Rules among ED workers. As
highlighted by some participants, evaluation of receptiveness
to the app among medical trainees, general practitioners, and
community physicians may be warranted, as these groups are
less likely to be familiar with the rules.

Conclusion

Aswe seek to optimize The Ottawa Rul es app based on feedback
to improve the user experience, interactive modalities will be
provided. Importantly, inclusion of new clinical decision rules
and other resources will be incorporated to provide a more
comprehensivetool to our users. Work in thisfield would benefit
from ongoing clinician involvement in the development and
evaluation of health apps to ensure app quality, reliability, and
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user satisfaction. Future work should aim to assesstheimpact  an efficient, reliable, and user-friendly means of accessing
of health apps such as The Ottawa Ruleson the quality and cost  clinically validated decision rules shown to reduce health care
effectiveness of patient care and hospital resources. Insum, The  costs and improve quality of patient care.

Ottawa Rules app stands to provide health care professionals
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Abstract

Background: In Catalonia, the Fundacié TIC Salut Socia’s mHealth Office created the AppSalut Site to showcase to mobile
apps in the field of health and socia services. Its primary objective was to encourage the public to look after their health. The
catalogue allows primary health care doctorsto prescribe certified, connected apps, which guarantees a safe and reliable environment
for their use. The generated data can be consulted by health care professionals and included in the patient's clinical history. This
document presents the intervention and the major findings following a five-month pilot project conducted in the Barcelona area.

Objective: The objective of the pilot study was to test, in areal, controlled environment, the implementation of AppSalut.
Specifically, we tested whether (1) the procedures corresponding to the prescription, transmission, and evaluation of the data
functions correctly, (2) users interact successfully and accept the tool, and (3) the data travels through existing pathways in
accordance with international standards. The evaluationisnot based on clinical criteria, but rather on the usability and technological
reliability of the intervention and its implementation in the context of primary care.

Methods: The project was presented to the Primary Care Team participants to encourage the involvement of doctors. The study
involved at least 5 doctors and 5 patients per professional, chosen at their discretion and in accordance with their own clinical
criteria. Aninitial consultation took place, during which the doctor discussed the pilot project with the patient and recommended
the app. The patient was sent atext message (SM'S, short message service) containing an access code. When the patient arrived
home, they accessed their persona health record (PHR) to view the recommendation, download the app, and enter the access
code. The patient was then able to start using the app. The data was collected in a standardized manner and automatically sent to
the system. In a second visit, the patient looked at the data with their doctor on their clinical station screen. The latter was able
to consult the information generated by the patient and select what to include in their electronic health record. In order to assess
the performance of the system, three focus groups were performed and two ad-hoc case-specific questionnaires, one for doctors
and one for patients, were sent by email. Response was voluntary.

Results: A total of 32 doctors made 79 recommendations of apps to patients. On average, the patients uploaded data 13 times
per prescribed app, accounting for atotal of 16 different variables. Results show that datatravel ed through the established channels
in an adequate manner and in accordance with international standards. This includes the prescription of an app by a doctor, the
patient accessing the recommendation viathe PHR, app download by the patient from the official app stores, linking of the patient
to the public platform through the app, the generation and visualization of the data on the primary care workstation, and its
subsequent validation by the clinician.

http://mhealth.jmir.org/2018/6/e10701/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 6 |e10701 | p.97
(page number not for citation purposes)


mailto:fgarciacuyas@ticsalutsocial.cat
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Lopez Segui et a

Conclusions: Firgt, the choice of appsto be used is fundamental; the user's perception of the utility of the proposed tool being
paramount. Second, thorough face-to-face support is vital for a smooth transition towards a more intense model of telemedicine.
Last, a powerful limiting factor isthe lack of control over people’s ability to use the apps.

(JMIR Mhealth Uhealth 2018;6(6):€10701) doi:10.2196/10701

KEYWORDS

mobile apps; apps, mHealth; primary health care; telemedicine; telemonitoring

Introduction

Background

As part of the Catalan Ministry of Health, the Fundacié TIC
Salut Social (the ICT Social Hedlth Foundation) works to
promotethe use of information and communi cation technol ogies
(ICT) in the field of public health and social welfare. Its main
tasks include the observation of new trends, monitoring of
emerging initiatives and the provision of services to certify
products, systems and apps. In this context, the mHealth Office
was created in early 2016 with the aim to bring patients closer
to health and social mobility services so that they can interact
with the health system in a trouble-free, personal way. The
Office created a website featuring mobile apps in the field of
health and social care for medical professionals and members
of the public, amechanism for accrediting apps, the development
of mobility standards and a means to monitor experiences with
health-related apps. As part of the framework of services that
meet the corresponding interoperability standards, the Digital
Health Platform (DHP) actsasarepository for thisinformation.
It also facilitates interactions between members of the public
(providing the user with the information they have generated
through the use of one or more recommended apps) and doctors
(providing support in monitoring the patient’s status and
allowing thetreatment to be personalized and adaptableto their
needs).

App Catalogues - The AppSalut Site

Easy to get, easy to use and insanely cheap. The use of mobile
apps for health management has been promoted both by
independent reviews and public initiatives [1]. In the former,
the app stores themselves (Google, Apple, Windows, Amazon,
Blackberry) rank the apps in their catalogs according to the
opinions of expert or user ratings[2] [3]. Nevertheless, they are
unableto avoid significant heterogeneity in their quality [4] and
safety standards [5].

Likewise, countlessleading websites feature health apps, either
exclusively, such as iMedicaApps and Fundaciéon iSYSs
iSY Score [6], or only as one of their numerous areas of interest
(Android Authority, ForbesTech). As for catalogues aimed at
the public sector, we find fewer initiatives: for example, the

http://mhealth.jmir.org/2018/6/e10701/

United Kingdom promotes its “Digital Apps Library,” which
is still at the design stage; at the regional level, the Andalusian
Health Service maintainsits " Catal ogue of mobile health apps”
recipients of its AppSaludable label, its own accreditation
process.

In Catalonia, the Fundacié TIC Salut Social’ s mHealth Office
created the AppSalut Site as a central, wide-reaching project.
It isintended as a showcase of mobile appsinthefield of health
and social serviceswithits primary objective being to encourage
members of the public to look after their health. All of the apps
on the website, which are available for both iOS and Android
devices for freein leading app stores, need to have passed the
Foundation’s own quality control process, which guarantees a
safe and reliable environment for their use. In addition, doctors
in Primary Care Teams can recommend the appsto their patients
in their surgery, thus complementing the follow-up of the
patients' condition by monitoring the datagenerated, which can
be consulted by health care professionals and included in their
clinical history, with the patient’s permission. In the future, the
plan isto extend access to professional s from other specialties.

After conducting varioustestsin the preproduction environment,
the need aroseto carry out a controlled pilot study with doctors
and real patients to ensure the system worked correctly from a
technological point of view. This document is intended to
present its significant findings, generating pioneering evidence
for the integration of mHealth technologies with Primary Care
systemsin apublic setting [7,8].

Objectives of the Pilot Project

The overall objective of the pilot project was to test, in areal,
controlled environment, the implementation of AppSalut.
Specifically, the three objectives that were to be evaluated are
the following: (1) that procedures corresponding to the
prescription, transmission and evaluation of the data functions
correctly (Figure 1), (2) users interact successfully and accept
the tool, and (3) the data travels through existing pathways in
accordance with international standards.

Theevaluation of the pilot project isnot based on clinical criteria
but rather the usability and technological reliability of the
intervention and its implementation in the context of primary
care.
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Figurel. The AppSalut Site recommendation process.

Methods

Preliminary Design

The project was presented to the Primary Care Team (PCT)
participants to encourage the involvement of doctors. Oncethey
were recruited, together with their corresponding patients, the
following three steps were taken. First, an initial consultation
took place, in which the doctor was ableto explain to the patient
what the pilot project consisted of, provide them with the
necessary documentation, and recommend the app to them. The
patient was sent a SM'S text message (short message service,
SMS) containing an access code, and the recommendation of
the app was registered on the system. Second, when the patient
arrived home, they accessed the La Meva Salut (My Health,

http://mhealth.jmir.org/2018/6/e10701/
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MH) Personal Health Record to view the recommendation,
download the app and enter the activation code they were sent
by SMSto link the app to the platform. The patient was then
able to start using the app. The data was collected in a
standardized manner and automatically sent to the system.
Lastly, inasecond visit, the patient |ooked at the datawith their
doctor on their screen. The latter was able to consult the
information generated by the patient and select what to include
in their Electronic Health Record.

Participant Recruitment

The agents involved in the execution of the pilot project are
presented in Table 1.
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The following four PCTs participated in the study and belong
to the South Metropolitan Territorial Management (province of
Barcelona): Vinyets PCT (Sant Boi de Llobregat), Sant Andreu
de la Barca PCT, Cubelles-Cunit PCT and Sant Ildefons PCT
(Cornella de Llobregat). For each team, the involvement of at
least 5 PCT doctors and 5 patients per professiona was
requested and chosen at their discretion and according to their
own clinical criteria. Thus, the objective recruitment population
was 20 doctors and 100 patients. Patients were selected
according to the following inclusion criteria: the patient's
expressed their willingness to participate, and proof that they
were over the age of consent and gave written authorisation.
Since the object of the study was the implementation of the
process rather than the evaluation of any clinical outcomes, the
intervention was not assigned in a randomized manner.
Consequently, potential biases (medium-advanced users of
mobile technology) can be assumed to be present and caution
should be exercised in the extrapolation of the results.

Mabile Apps

Three mobile apps were used (see Table 2). They were chosen
for their potential in providing continuity of care for the
conditions they address, and their ability to adapt to the
requirements that were identified during the pilot study. The

Table 1. The roles of organizations participating in the study.

Lopez Segui et a

integrated apps were required to perform specific technical
adaptations to conform to the specific doctor-patient context
effectively. The three of them could be downloaded
free-of-charge.

Duration

The planned duration was initially 3 months. However, due to
the decrease in the use of the platform during the summer
holidays (July and August) it was extended to 5 months from
the time the PCT candidates for participation in the pilot were
identified, until the last recommendation was made. The
variables sent by the app continued to be recorded in November
to include information from users recruited during the end of
October. Thus, the period covers June 1 to November 30, 2017.

Follow-Up and Monitoring

To initiate the pilot study, presentations were organized to
introduce the doctors to the project and to train them in the
prescription and use of the apps. Once started, the timing of
periodic follow ups was established, accompanied by training
for the doctors to ensure the processes were clear and to deal
with any doubts. After detecting problems in various phases of
the recommendation of the apps, it was decided to occasionally
assist the professionals in the prescription process and the
patients in downloading, registering, and configuring the app.

Organization Role
Fundaci6 TIC Salut Social (ICT Social Coordinated the entire pilot phase, training the doctors, monitoring the project, dealing with any incidents
Health Foundation) which arose, and the utilization and evaluation of the results

Four Primary Care Teams belonging to the
South Metropolitan Territorial Management
Directorate of the Catalan Health Institute

The Direccion Asistencial ICS (ICSHedlth
Care Directorate)

The Catalan Personal Health Record La
Meva Salut My Health (MH)

IN2, an app and web developer

Clinicians are the users of the eCAP, the main clinical management software used by primary care
cliniciansin the public system

Participated in the validation of the process and provided training to the professionals involved
The functional and technical managers established the AppSalut Site service within MH and provided

access to the participating providers in the pilot study

Offered support for technological incidents

Table 2. Appsused in the pilot project.

App Health indication App description

AsmaProcare  Asthma

An app which serves as an instrument for sending information from asthma sufferersto their physician.

The daily readings of PeakFlow measurements are introduced via the app, as well the use of any rescue
medication; the data can be displayed visualy in the apps’ interface. In addition, the user is able to see
the ongoing treatment introduced in the backoffice by their doctor.

ExpertSalud Chronicity

An app that allows the monitoring of the pharmacological adherence to atreatment. It is designed to

help manage the intake of medications, the setting of reminders and the monitoring of variables such as

weight and glucose levels.

Sideal Alcohol consumption

A self-help system for people with a cohol dependence that offers advice aimed both at reducing intake

and abstinence and which allows monitoring both of consumption and therapeutic compliance based on
the objectives that the person sets or agrees with their doctor.
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Figure 2. Participant attrition diagram.
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Objective Recommendations
(no. of users) |——= -
100 7

Users that
sent data
60 (75%)

Variables sent
757 (13 per recommendation)

The recommendation was made to the patient in the doctor’s
surgery, while the process of downloading the app, registering
the patient on the platform and configuring the relevant variables
was carried out in an adjoining surgery by the Foundation's
staff. In this way, the most critical period within the process
was reduced, where the highest rate of loss of patients was
identified: when the user connects with the platform and needs
to configure the variables. These follow-ups were an important
aspect in the development of the project since they allowed to
gain personal experience from the problems which arose and
to implement corrective measures and additional training. The
following Figure 2 summarizes the evolution of the project’s
adherence.

Results

Usage of the Instrument

A total of 32 doctors made 79 recommendations of apps to
patients, representing 160% of doctors and 79% of
recommendations compared to what was expected during the

design of the pilot project. Of the recommendations, 75%
(60/79) of patients used the app, sending atotal of 757 variables
to the system (Table 3). In general, the main reasons for non-use
were connection errors with the platform, problems with
accessing the app (incorrect configuration, failing to activate
alerts and problemswith the confirmation email), and dropping
out (mainly due to the study coinciding with the summer
holidays and loss of motivation).

Theamount of prescriptions madeto patients was heterogeneous
along the intervention period. As shown by Figure 3, the
reduction occurred from the second half of July to the first half
of September, coinciding with the doctors’ vacation period,
bringing out one of the major design drawbacks. The
aforementioned heterogeneity can also be noted by the number
of recommendations made by the doctors. A first subgroup has
made only one, while at the other extreme many doctors made
five or more. It can be seen, therefore, that the shortfall in
meeting the objective concerning patient recruitment is primarily
due to the first subgroup of less-moativated doctors.

Table 3. Physician recommendations, messages, and data-uploads sent per primary care team.

Primary care team Physician recommendations per  Patientswho sent dataper ~ Total messages sent per  Messages per patient per
primary care team, n primary care team, n (%) primary care team, n primary care team, n (%)
Cubelles-Cunit 12 10 (83) 206 21(10.2)
Cornella de LIobregat 16 12 (75) 165 14 (8.5)
Sant Andreu de laBarca 22 14 (64) 92 7(7.6)
Sant Boi de Llobregat 29 24 (83) 294 12 (4.2)
Total 79 60 (75) 757 54 (7.1)
Figure 3. Monthly recommendations and number of recommendations per professional.
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Table 4. Apps use by patients.

App and variable upload Number of patients used (n=79), n (%)
AsmaProcare 9(11)

ExpertSalud 67 (85)

Sideal 3(4)
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Uploading of Data

Regarding which apps were likely to be prescribed (Table 4),
ExpertSalud was the most-used by the patients (67/79, 85%).
According to the results of the focus groups and the periodic
follow-ups, this could be due to the full range of variables that
the app can handle (glycemia, blood pressure, weight, pain,
stress, pulse, dizziness). Very few patients used the AsmaProcare
app (9/79, 11%), while prescription of the Sideal app was
negligible (3/79, 4%).

On average, the patients uploaded data 9.6 (757/79) times per
prescribed app, accounting for atotal of 16 different variables.
Weight was the most used (28/79, 35%) upload, followed by
systolic and diastolic blood pressure variables (21/79, 26%)
uploads, and heart rate (11/79, 13%) uploads. Other variables
such as temperature, alcohol intake and dizziness levels were
not used as much, with migraine being the least used variable.
To ensure a consistent exchange of the apps variables, the
mHealth Office and the Foundation's Oficina de Estandares e
Interoperabilidad (Standards and Interoperability Office)
employed a subset of codes for mHealth variables using
controlled vocabulary that guarantee their unique identification:
Systematized Nomenclature of Medicine-Clinical Terms
(SNOMED CT) isthereference vocabulary used in the subset,
but other classificationsand terminol ogies, such as I nternational
Statistical Classification of Diseases, Ninth Revision, Clinica

Table 5. Incidences by type.
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Modification (ICD-9-CM), International Statistical Classification
of Diseases, Tenth Revision (ICD-10), Logical Observation
Identifiers Names and Codes (LOINC), Anatomical,
Therapeutic, Chemical Classification System (ATC), and
International Classification of Primary Care (ICPC), were also
considered and then transformed into SNOMED CT.

Usability Evaluation

Two ad-hoc case-specific questionnaires, one for doctors and
one for patients who had participated in the pilot study were
sent by email during the first week of November (the deadline
for making new recommendations, but while datawas still being
sent). They were completed on a voluntary basis. A total of
17/32 (53%) responses from doctors and 30/79 (38%) from
patients were received.

Doctors Questionnaire

Information was collected from the doctors as to the app
recommendation process, the use of the data, and the general
characteristics of the platform. The main ideas derived from
each of theseissues are described in the following. First, making
a recommendation is not an easy task (since it lengthens the
consultation) and the patient is not autonomous in its
management: they must receive support. Second, visualizing
the data is easy and is carried out before, during and after
consultation with the patient, indicating the success of the
integration model in patient-doctor environments.

Source Incidence (N=34), n (%)
AsmaProcare (app)
User training 1(2.9)
ExpertSalud (app)
Sign up email 6 (17.6)
Make of smartphone 2(5.9)
AppSalut (site)
SMS2 code 16 (47.1)
Error connecting with platform 3(8.8)
Problems connecting patients 6 (17.6)

8SMS: short message service.

Third, with respect to the platform, the doctors would like to
be able to create alerts based on the data they have received. In
general, they value the usefulness of the AppSalut Site as part
of the health care process (3.4, on average, on ascale of 1to 5,
5 being “Very useful”).

Patients' Questionnaires and Focus Groups

Regarding the users, the questionnaire collected information on
three topics: the recommendation process, the use of the
Personal Health Record, and the use of the app. In relation to
the first, the patients experience confirms the difficulties
identified in linking the app with the professional’ s prescription.
Nevertheless, the added value that is expected both from the
patient’s ability to use the app autonomously and from the
doctor’s ahility to access the information is very high. With

http://mhealth.jmir.org/2018/6/e10701/

respect to My Health (MH), in spite of the difficulties patients
faced in terms of access, the prescription of the app was closely
associated with access to the patient’s Personal Health Record
(two out of three patients used it). Finally, regarding the usage
of the app, patients would consider recommending it to other
patients with the same medical condition and generally see it
asvery simpleto use. In general, they ratethe AppSalut Site as
“very interesting” (4.5, on average, on ascale of 1to 5).

To complement this qualitative vision, three focus groups were
established (two consisting of doctors, one of patients) with a
minimum of three participants, with a professional from the
Foundation acting as moderator with a script and prepared
guestions. Both the script and the full summary of the three
sessions can be found in the Multimedia Appendix 1 and
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Multimedia Appendix 2, confirming the ideas collected by the
guestionnaire’s approach.

Incidents Detected During the Use of the Platform

During thepilot project, 34 incidentswereregistered (see Table
5). Two types stand out. First, those related to the AppSalut
Site, such as the SMS being sent with a missing or invalid
activation code or incidents related to connection and upload
errors. Second, those related to the user’s connection with the
app (for example, not receiving the confirmation email to be
able to use the app).

Concerning the duration of the pilot study, initially, problems
were detected related to users getting lost on the platform and
their access to the website, requiring a two-day halt in the
prescription process. In general, incidents were detected
regarding the connection and access to the AppSalut Site that
will need to be reviewed during an additional technical audit.

Discussion

Principal Findings

In terms of the specific objectives, the execution of the pilot
study has shown that, despite the af orementioned incidents, the
platform operates continuously and safely: Therefore, it
represents a significant experience in the prescription of health
apps and the integration of its information in primary care
practitioners workstation in a public setting. It was observed
that it is generally usable athough critical issues have been
identified in the user experience, which indicates room for
improvement. The pilot study showed that the data travels
through the established channels in an adequate manner and in
accordance with international standards.

The results validate, in a controlled environment with real
participants, the entire process. This includes the prescription
of an app by adoctor, the patient accessing the recommendation
viatheir Personal Health Record, download of the app by the
patient from the official app stores, linking of the patient to the
public platform through the app, the generation, visualization
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of the data on the primary care workstation, and its subsequent
validation by the clinician. Thefollowing arethe major findings.
First, shortcomings in terms of the usability of the tool are
largely associated with the user linking to the platform using
the code sent by SMS, which the patient needs to activate the
app. In many instances, the user registration within some of the
apps is not intuitive, an issue which is also found when the
patient registers with the AppSalut Site using the SMS code:
some users are unable to follow the process. Once this barrier
is overcome, the process is smooth in terms of sending and
viewing data. Second, the patients have a very high opinion of
the service whilethe doctorsfeel they need to carefully manage
its implementation so as not to overload themselves: for the
former itisan additional service, for thelatter an added burden.
Related to this, the registration process within the app and
signing up with the platform is perceived as much more critical
for the doctors than for the patients, who are less concerned
about the difficulties. For both groups, the integration of the
data generated in their usual interfaces is a key factor in its
acceptance. Third, there is a steep learning curve associated
with the entire process of the use of such mobile technologies;
in many cases the doctors ask for additional training for the
apps, both for themselves and for the patients, potentially people
aged over 65, where the digital divide is present. Fourth, the
recurring need for reviews and support for doctors and patients
indicates that support elements are needed at least in the early
stages of theintervention. Finally, in relation to theinformation
sent by the patients, the doctorsfeel that it would be more useful
if alerts were received within the professional work interface.

Conclusion

By way of a recommendation, three factors can be identified
which would improve similar experiences. First, the choice of
apps to be used is fundamental; the user's perception of the
utility of the proposed tool being paramount. Second, thorough
face-to-face support is vital to a smooth transition towards a
more intense model of telemedicine. Last, a powerful limiting
factor isthelack of control over people'sability to usethe apps.
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Abstract

Background: Chemical exposures pose asignificant threat tolife. A rapid assessment by first responders and emergency nurses
isrequired to reduce death and disability. Currently, no informaticstools exist to process victims of chemical exposures efficiently.
The surge of patientsinto a hospital emergency department during amass casualty incident creates additional stresson an already
overburdened system, potentially placing patients at risk and challenging staff to process patientsfor appropriate care and treatment
efficacy. Traditional emergency department triage models are oversimplified during highly stressed mass casualty incident
scenarios in which there is little margin for error. Emerging mobile technology could alleviate the burden placed on nurses by
allowing the freedom to move about the emergency department and stay connected to a decision support system.

Objective: This study aimsto present and evaluate a new mobile tool for assisting emergency department personnel in patient
management and triage during a chemical mass casualty incident.

Methods: Over 500 volunteer nurses, students, and first responders were recruited for a study involving a simulated chemical
mass casualty incident. During the exercise, amobile application was used to collect patient data through a kiosk system. Nurses
also received tablets where they could review patient information and choose recommendations from a decision support system.
Data collected was analyzed on the efficiency of the app to obtain patient data and on nurse agreement with the decision support
system.

Results: Of the 296 participants, 96.3% (288/296) of the patients completed the kiosk system with an average time of 3 minutes,
22 seconds. Average time to complete the entire triage process was 5 minutes, 34 seconds. Analysis of the data also showed
strong agreement among nurses regarding the app’s decision support system. Overall, nurses agreed with the system 91.6%
(262/286) of the time when it came to choose an exposure level and 84.3% (241/286) of the time when selecting an action.

Conclusions: The app reliably demonstrated the ability to collect patient data through a self-service kiosk system thus reducing
the burden on hospital resources. Also, the mobile technology allowed nurses the freedom to triage patients on the go while
staying connected to a decision support system in which they felt would give reliable recommendations.

(JMIR Mhealth Uhealth 2018;6(6):€10727) doi:10.2196/10727

KEYWORDS
triage; mass casualty incidents; decision support tools; mobile technology; biomedical informatics, human-computer interaction

Historically, Health Information Systems (HIS) and the medical
community, in general, have been slow to adapt to new
technologies [1]. However, hedthcare ingtitutions are now
seeking to develop integrated computer-based information

Introduction

Biomedical informatics is an interdisciplinary field that deals
with the storage, retrieval, sharing, and optimal use of data and
knowledge for problem-solving and decision-making.
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management environments with various informatics tools that
aid care-giversin decision-making [2].

One area of healthcare that could benefit from an integrated
decision support system is the hospital emergency department
(ED). The ED typically operates under aset of conflicting main
objectives. On the one hand, the ED system aims to process
patients promptly, and on the other hand, the most optimal
treatment of patients relies on a collection of detailed
information from patients, which is time-consuming. The net
effect of these competing objectives resultsin acompromisein
one of the two main objectives. Under extreme circumstances
like mass casualty incidents (M Cls) where the ED isinundated
with many patients, additional constraints are imposed by
overwhelmed hospital resources. Adaptation of modern
technology can assist in diminishing the degree of compromise
during the normal ED operations, and ED operations under MCl
conditions.

Over the past few years, alimited set of software products have
been presented spanning mobile devices, desktop computers,
and Web-based services. Relevant to this study, the National
Library of Medicine has created the Wireless Information
System for Emergency Responders (WISER) [3], which alows
emergency personnel to identify a list of possible chemical
substances based on observed patient signs and symptoms. The
US Department of Health and Human Services has devel oped
another software tool, the Chemical Hazards Emergency
Medica Management-Intelligent Syndromes  Tool
(CHEMM-IST) [4], which aimsto identify apossible syndrome
based on observed patient symptoms. Although such software
makes significant strides in assisting the process of emergency
care, they are not designed for a hospital ED. Therefore, the
software efficiency, especially during MCI events, has not been
well established [5].

Inthisreport, we present the Emergency Department Informatics
Computational Tool (EDICT), a comprehensive tool for
processing, management, and triage of patients during an MClI.
EDICT is designed to assist with the process of seamless data
collection, aggregation, and dissemination using mobile
technology to facilitate aclient-server transaction model. EDICT
has also been designed to include a recommendation decision
support system, which we have utilized its potential for chlorine
exposure. Inthisreport, we present the EDICT software package
and demonstrate its efficiency and agreement among nursesin
application to a simulated reenactment of a 2005 chlorine spill
that took place in Graniteville SC.

Methods

Background on Triage Systems

Triageis used to define how patients are categorized in the ED
based on the severity of their condition. A triage nursetypically
assigns a triage level with little information and in a short
amount of time. Therefore, an effective triage requires acomplex
clinical decision based on small amount of data with a very
limited margin for error. Given the complexity of the pragmatic
cost of mistakes in patient assessment, triage-nurses typically
favor over-triaging patients to guarantee patient care. Triage

http://mhealth.jmir.org/2018/6/€10727/
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bias may be tolerable during normal ED operations, but
over-triaging patients during an MCl event can place an
unnecessary burden on already taxed hospital resources and
reduce patient outcome [6,7].

Over the years, many models have been devel oped for triaging
patients at the scene of the incident (field-triage) and in the
hospital system (hospital-triage). Most of these models either
use athree-tiered color system such as Sort, Assess, Lifesaving
Interventions, Treatment or Transport (SALT) [8] or afive-tiered
numeric system such as the Emergency Severity Index (ESI)
[9]. The ESI algorithmisone of the most commonly used triage
systems and is found in over 70% of large hospitals across the
United States[10]. Triage algorithms are simplistic to train ED
personnel quickly and simplify the decision-making process.
However, the simplistic nature of these triage systemsis not a
reflection of their ability to optimize patient outcome. In fact,
the effectiveness of these triage models to accurately triage
patientsin an MCI iswidely unproven [11-13].

A modern triage system should incorporate existing mobile
technology to reduce the cost of data collection and improve
efficiency by providing rapid and accurate decision support. In
the following sections, we outline a prototype for a patient
management triage system that can provide decision support
for ED personnel during achemical MCI. Thisinnovative tool
utilizes mobile technology, giving staff the freedom to move
about the ED, provides secure data collection with redundant
features, and deploys artificia intelligent (Al) algorithms to
provide clinical decision support.

EDICT: Emergency Department Infor matics
Computational Tool

EDICT was designed to improve patient outcomes during a
chemical MCI through the utilization of mobile technology and
incorporation of Al. To achieve its objectives, the EDICT
software package integrates three main components. (1) fast
and accurate data collection through aggregation and
dissemination of information; (2) re-engineering of the patient
processing protocol; and (3) aclinical recommendation system.
Each of these componentsis described in thefollowing sections.

Component 1: EDICT Data Collection, Aggregation,
and Dissemination Platform

The EDICT software package was engineered to seamlessly
facilitate data collection, aggregation, and dissemination during
an MCI event. EDICT employs a Client-Server model that
allows safe and fast bidirectional communication of data
between mobile devices and a data storage server. The
data-storage and Al servers can be located offsite to ensure
additional data security. In addition to the centralized server,
each client device creates and maintainsitslocal database. This
concurrent model of distributed and centralized data storage
provides data redundancy that ensures data integrity against
hardware failure. Recovery from a server-crash can be
accomplished through aggregation of all the local data
distributed across the client’s local database. In return, local
data can be reconstituted from the central server in the case of
accidental damage to aclient device.
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Another critical feature of EDICT is providing situational
awareness to all the pertinent members of the ED personnel.
The current implementation distributes rel evant information to
all mobile devices such as the number of patients admitted,
number of critical and noncritical patients, and geographical
distribution of admitted patients. It is easy to envision future
expansions of this feature to include a list of available ED
resources and occupied resources as part of the global situational
awareness report.

The current version of the application allowsthe proper function
of each deviceto be selected through alogin and setup process
(Figure 1). A super-user can select between two distinct modes
of operation: patient mode and nurse mode (Figure 2). The
ability to switch between the two modes provides adynamically
adaptive system that can mitigate the effects of a surge at any
point of the patient processing pipeline. Each of the two modes
of operation will be described in sections below.

Figure 1. Triage app home screen.

lE@rreeo

— Triage_v2
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EDICT’s Mobile App: Kiosk Mode

The kiosk mode enables a kiosk system that facilitates the
process of collecting data from patients and divides into two
operationa submodes: assi sted and nonassi sted. The nonassisted
mode will initiate the kiosk data collection module and can be
operated by a patient. The assisted mode is identical, with the
exception that the login identification of the assistant ED
personnel is recorded.

When patients interact with the kiosk system, they are greeted
with awelcome screen and asked to scan their barcode (Figure
3). Instructions are given on how to correctly align the barcode
inside the scanner window. Under some abnormal conditions,
the barcode scanning may fail or take too long. To mitigate such
instances, patients and nurses have the option of entering the
numeric value of their barcode to bypass the scanning process.

W T 64%H11:17 AM

NickBoltin

M Triage

Login to the Triage System:

First Name

t Name

LOGIN

Figure 2. App navigation and set-up.
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Figure 3. Kiosk barcode scanner.

Boltin et al

Figure 4. Kiosk demographic screen.
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Personal Information

Enter the name displayed on your card:

Last Name

On the patient’s initial entry into the system, the central server
creates an instance of a new record based on barcode values.
Patients then proceed linearly through a series of screens that
collect information on their demographicsincluding name, and
date of hirth (Figure 4). Information related to their symptoms
and chief complaint (Figure 5) are also collected. Additional
features of the kiosk system include collecting pulse rate and
oxygen saturation values using a pul se oximeter (Figure 6). The
geographic location where apatient first experienced their signs
or symptoms (Figure 7) is aso collected. Google maps
Application Programming Interface[14] facilitatesthelocation
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and can accept a street address, a manually placed marker, or
longitude and latitude.

EDICT’s mobile application: Nurse Maode

The nurse mode provides more diverse subfunctions when
compared to kiosk mode. One exampleistheinformation related
to global awareness of the MCl event. The situational awareness
view (right panel, Figure 8) gives an overview of the event by
displaying the number of patientsin the system and abreskdown
of triage levels currently assigned. The spatial view (Figure 9)
helps establish the geographical scattering of patients within
theevent which iscritical when determining if incoming patients
have been exposed to the MCI event.
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Figure5. Kiosk sign/symptom screen.
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Figure 7. Kiosk google map screen.
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Figure 9. Nurse google map screen.
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The nurse mode can also be used to view a comprehensive list
of patients currently in the system and a summary of collected
information (left panel, Figure 8). Detailed information can be
displayed by selecting anindividual patient in one of threeways:
(1) manually navigating thelist of patients, (2) using the search
dialogue, or (3) scanning a patient’s barcode. Figure 10
illustrates an exampl e of the detailed patient information screen.
Additional functions are available through different functional
tabs at thetop of the screen and include: review or update patient
datasuch as geographical location, signsand symptoms or initial
triage category. Tabs are aso available for reviewing Al
recommendations for each patient (subject to availability of
sufficient data), and the evaluation screen, where nurses assign
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the final triage classification. EDICT’s system menu (top |eft
corner Figure 8) alows easy navigation to other modes or
screens.

Component 2: Re-engineered Patient Processing Pipeline

An improved patient management system can benefit from
establishing order during the chaos that takes place during an
MCI. Here we propose a patient processing pipeline that helps
improve patient management while facilitating a faster
mechanism for collecting data and tracking patients. The patient
tracking system will consist of three main stages shown in
Figure 11. Thethree stages are denoted asthe “primary triage,”
“kiosk system,” and the “secondary triage” phases, which are
described in the following sections.
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Figure 11. EDICT, a mass casudty incident—specific triage tool used to map data gathered by the mobile application to the Irritant Gas Syndrome
Agent agorithm. Information gathered in the primary triage, the kiosk system and secondary triage is used to determine a patient's specific exposure

level and action.

EDICT - Patient Management

Primary Triage

The main objective of primary triage is to identify the patients
who need immediate care. Functionally, ED personnel can
engage the arriving patients in a variety of ways. For our
research, we assume patients will be given awristband with a
barcode that will serve asthe patient’s unique i dentification for
the remainder of their virtual existence within the EDICT
system. In addition to receiving a wristband, patients will be
evaluated by a primary triage nurse if necessary and receive a
triage category of “Immediate” if assessed to have a
life-threatening problem and sent directly for treatment. All
remaining patients are initially categorized by default as “not
critical” and directed to the kiosk areafor further acquisition of
information.

Kiosk System

Thekiosk system is designed to interactively collect individual
information such as name, date of birth, and other demographics
from patients initially categorized as “not critical.” Additional
information is obtained to help define the location of theincident
using an applet like Google maps. Data is aso collected on
signs and symptoms of the presenting condition, and chief
complaint. The kiosk stage is partitioned into assisted and
nonassisted sections, where patients can complete the
regi stration processindependently or with the hel p of designated
ED personnel. The patient information isgathered concurrently
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by multiple mobile devices and can, therefore, contribute to
rapid data collection and patient processing.

Information collected from patientsis aggregated into a central
database and analyzed by the Al system to understand the nature
of the incident better and provide decision support for triage
recommendations. The aggregated information is aso
disseminated throughout the system to al registered ED
personnel as a means of providing a global view of the event.
After patients have completed the data collection process, they
aregiveninstructionsto proceed to the final stage of the patient
management system, secondary triage.

Secondary Triage

At Secondary Triage, nurses aretasked with providing the most
appropriatetriage category to optimize patient outcomes. EDICT
assists secondary triage nurses by providing decision support
specific for each patient. EDICT offers acomplete information
profile and a system triage recommendation based on the Al
analysis of each patient. The secondary-nurse can scan the
patient’'s barcode to retrieve information collected, which
eliminates errors related in the miss-identification of patients.
The nurse can view recommendations from the central server
on a patient’s possible chemical exposure, and the appropriate
course of action for each patient. The nurse provides the final
triage category by agreeing or disagreeing with the decision
support system recommendation and providing arationale when
they disagree. The Al recommendation system is described in
the following section.

IMIR Mhealth Uhealth 2018 | vol. 6 | iss. 6 [e10727 | p.112
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Boltin et al

Table 1. Summary of the decision logic for the triage recommendation system. Nurses are given recommendations by the decision support system

based on information provided by patientsin the kiosk system.

Category Outcome
Exposure
Exposed Patient has been exposed to an IGSA
Potentially exposed Patient has potentially been exposed to an IGSA
Not exposed Patient has not been exposed to an IGSA
Action
Exit Retriage using a nonchemical related algorithm
Monitor Monitor the patient for up to 8 hours for latent symptoms
Urgent Seek immediate medical treatment

Component 3: Triage Decision Support System for
Irritant Gas Syndrome Agent Exposure

EDICT isdesigned to provide clinical decision support for each
patient based on availableinformation. EDICT offersasummary
of all dataacquired for each patient asthey proceed through the
patient processing pipeline. When sufficient information is
gathered for a given patient, the central Al engine in EDICT
provides inferred recommendations regarding a patient's
exposure level, and the most effective course of action for each
patient. The patient exposure feature is designed to separate
patients who visit the ED uninvolved in the MCI event and
therefore do not need to be subjected to the chemical triage
process.

The current recommendation system of EDICT is optimized
for exposureto an Irritant Gas Syndrome Agent (IGSA; Figure
1) [15]. However, in principle, EDICT could house a
comprehensive collection of possible triage mechanisms from
which the optimal procedure could be selected for each MCI.
Table 1 describes the categories for exposure and the
recommended actionsthat are provided by the central Al engine
in EDICT based on the IGSA mechanism.

Test and Evaluation Process

In April of 2017, alarge-scale exercise was conducted utilizing
over 500 emergency responders and nursing students. For this
exercise, a chemical MCI event was simulated to replicate a
derailed train accident that took placein 2005, releasing chlorine
gas into the town of Graniteville, South Carolina. Participants
were separated into 4 groups: patients, assisted kiosk helpers,
primary triage nurses, and secondary triage nurses. EDICT was
used for patient management, data collection, and decision
support.

During the exercise, 15 tablets were used to study the
effectiveness of the patient management system. The tablets
were partitioned into 3 functional groups based on the app’s
operational mode: assisted-kiosk mode, non-assisted-kiosk
mode, and nurse mode. EDICT was evaluated on its efficiency
intriaging patients and the agreement with the decision support
system. Information related to each of the participant groups
and EDICT usersisfound in the following sections

http://mhealth.jmir.org/2018/6/€10727/

Emergency Department Patients

Two hundred ninety-six students from USC’s nursing program
participated as ED patients. Of the participants, 95% were
female and 90% were 18-24 years old. ED patients were split
randomly into 2 patient populations. The first group consisted
of 198 patients that were part of the chlorine exposure event.
Dataused for this group was gleaned from de-identified medical
records of patients from the 2005 train derailment. The second
group consisted of 100 patients suffering from ailments
unrelated to the M Cl event. Thedatafor this group wasacquired
from de-identified medical records of patients with flu-like
symptomswho visited the same hospital in 2016. Aspart of the
exercise, studentsrandomly received apatient card (Figure 12),
for either a victim of the first group or a flu patient from the
second group. The cards outlined specific information related
to their visit to the ED, vitals, and a location where they first
felt sick. Students used the information displayed on their card
tointeract with the kiosk system and proceed through the patient
processing pipeine. Students had no pre-exercise accessto their
patient data or the EDICT software until they entered the
simulated ED.

Kiosk Helpers

Five assisted kiosk stations were set up for the April 2017
exercise. Each station was assigned a kiosk helper tasked with
assisting patients with entering information into the kiosk
system. The hel perswere all femal e between the ages of 29-59.
They received 1 hour of individual training before the exercise
with amember of the app devel opment team who guided them
with navigating through the kiosk system and entering patient
information.

Triage Nurses

Thirteen registered nurses and emergency responders were
assigned to evaluate patientsin the secondary triage stage. There
was 1 male nurse, and 12 female nurses between the ages of
30-69. Each received 1 hour of training beforethe exercisewith
a member of the app development team on how to use the
nurse-interface. They also received instruction on how to review
patient information using the app and how to assign triage
categories based on the IGSA agorithm. In addition,
secondary-nurses were given an information packet describing
the IGSA algorithm and the MCI scenario.
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Figure12. Example of apatient card given to participatesin the chemical mass casualty incident exercise. Participates were asked to enter information

and answer questions in the kiosk system based on the cards they received.

[IE itient 1D

Data Exclusion

Two categories of data were excluded from our analysis of
EDICT's performance. The first consisted of records that
contained No Available (NA) information. Some NAs were
identified as“Immediate’ patientswho required instant attention
and were removed from the patient pipeline or patients who
were able to bypass a section of the registration process. The
latter causeis currently under investigation by the development
team and will be resolved in a future iteration of the app. In
total, an insignificant number of NA instances were observed
(214/5096, 4% of database transactions) and therefore have
little impact on our outcomes.

The second criterion for data exclusion was based on the
implausibility of datavalues (outliers). Outlierswereidentified
using the Tukey’s method described in Equation 1 bel ow, where
g is a tabulated score [16], w is the range of the normal
distribution and sisthe standard error of the sum of the means.
The Tukey’s test uses the interquartile range (IQR) defined in
Equation 2 below to identify outliers and removing points
+/-1.5*IQR. Outliers were identified for each of the questions
in the kiosk, the time spent at the kiosk, the time patients spent
waiting to enter secondary triage and the time spent in secondary
triage. The exclusion of this category of data is justified by
students who may have received a phone call or engaged in a
chat discussion on their cell phone during the exercise. Other
more relevant exclusions are based on patients who may have
needed to pause the registration process for persona reasons

(eg, bathroom break).
E
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Results

Component 1: EDICT Data Collection, Aggregation,
and Dissemination Platform

During the April 2017 exercise, every item of submitted data
and its corresponding timestamp was captured in EDICT's
centra database. The information included: patient
demographics, answersto al the Kiosk questions, vitals, illness
onset location, the central server’'s recommended triage, and
triage levels assigned by nurses, to name a few. In summary,
the EDICT software package captured 5471 data transactions
for the April 2017 exercise.

The patient management utility of EDICT processed 296 patients
within awindow of lessthan 3 hours. Thisresultsin an average
of 36 seconds per patient to complete the initial triage,
information collection, waiting to be seen by asecondary-triage
nurse, and the final triage assessment. The information acquired
by the data aggregation mechanism of EDICT can provide a
global view of theevent asillustrated in Figure 13. In thisfigure,
each block represents the interval of time required to process
each patient. The blue, yellow and red cells in Figure 13
correspond to patients categorized by EDICT as not exposed,
potentially exposed, and exposed respectively.

Component 2: Re-engineered Pipeline of Patient
Processing

The second component of EDICT aims to improve individual
patient’s processing time and patient management. Timestamps
captured by EDICT have been used to assess the efficiency of
each step and identify outliers. By analyzing the outliers found
at each of the data points we could identify areas of concern
and investigate technical or usability issues. The following
sections provide results rel ated to each of the three components
of the patient processing pipeline.
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Figure 13. Overall triage results from the April 2017 exercise. Blue céllsindicate patients EDICT recommended as not exposed. Yellow cellsindicate
patients EDICT recommended as potentially exposed and red cells indicate patients EDICT recommended as exposed. The length of the cells describes

the amount of time the patient spent in the patient management system.
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Kiosk System

The efficiency of the kiosk system and its discrete question
components were measured using timestamps from patients as
they progressed through the questionnaire screens. Table 2
summarizesthe results of our analysiswith and without outliers.
In this table, the first column corresponds to the different
guestions asked in the kiosk system. The second column
indicates the number of excluded patients from the 296 created
patient | Ds. Figure 14 shows the average time spent by patients
answering each question in the kiosk system. Of the 296 created
patient IDs, 288 completed the kiosk after removing outliers.
On average, patientsrequired 3 minutes, 22 secondsto complete
the patient kiosk system. The longest and shortest completion
times consisted of seven minutes, 12 seconds and one minute,
eight seconds respectively. Question 1 required the longest
completion time with an average of 92.9 seconds closely
followed by the Google map with an average of 46.9 seconds.
Questions with only checkboxes (Questions 2-6) required the
least amount of time to complete with question 6 being the
shortest average of 3.7 seconds.

Secondary Triage

Efficiency in the secondary triage stage was measured by
examining two factors: the wait time separating the kiosk and
the secondary triage stages, and the duration of the secondary
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triage stage. Table 3 summarizes the average, maximum, and
minimum time required by patientsto complete various portions
of the triage process. The triage completion time in Table 3
corresponds to the time it took patients to complete the entire
process, starting from the first entry into the system until the
exit from the secondary-triage stage.

Component 3: Triage decision support system for
Irritant Gas Syndrome Agent Exposure

While patient processing speed is an essential aspect of apatient
management system, it should be at no cost to improving patient
outcome. Therefore, it is as equally important to review the
performance of the Al recommendation system. The app’s
decision support system was quantified by examining the
agreement and disagreement between secondary nurses and the
decision support system regarding patient exposure and triage
action (Tables 4 and 5). The data shows that 286 of the starting
296 patients (96.6%) completed the triage process and received
recommendationsfrom EDICT. In summary, EDICT’sexposure
and action recommendation exhibited 91.6% (262/286) and
84.3% (241/286) agreement with nurses assessments,
respectively. It is worth noting that in the critical subcategory
of patients requiring Urgent care, there was 100% (11/11)
agreement between EDICT’s recommendation and nurses
assessment.
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Table 2. Summary of dataoutliers (N=296) time spent with each question. Strict rules were developed by identifying outliers at each step of the triage
process. These outliers were then investigated further to see if auser or technical error could be determined.

Step Outliers, n (%) Mean of Outliers (sec) Mean with Outliers (sec) Mean without Outliers (sec)
Q1 2(1) 240.50 94.04 92.95
Q2 19 (7) 30.89 10.31 8.76
Q3 20(8) 26.45 7.05 5.63
Q4 14 (5) 16.57 571 517
Q5 6(2) 15.83 4.42 418
Q6 11 (4) 13.18 4.03 3.67
Vitals 19 (7) 65.26 21.86 18.82
Map 10 (4) 166.90 51.07 46.93
Waiting 25(12) 1095.84 156.84 45.58
Timein kiosk 1(1) 593.00 203.76 202.41
Time in secondary 14 (7) 202.50 77.79 69.56

Figure 14. Time comparison of questions asked in the patient kiosk system.
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Table 3. The mean, maximum, and minimum amount of time a patient spent waiting to be seen by anurse, in secondary triage and the overall time to
be triaged using EDICT.

Stage Mean (sec) Min (sec) Max (sec)
Wait time 45 0 117
Secondary triage time 69 19 168
Triage complete time 334 152 646

Table 4. Exposure agreement among secondary triage nurses and the decision support system for the Irritant Gas Syndrome Agent triage.

Nurse Input Computer Recommendation
Exposed (n) Potential (n) Not Exposed (n)
Exposed (n) 65 8 1
Potential (n) 1 80 0
Not Exposed (n) 2 12 117

Table5. Action agreement among secondary triage nurses and the decision support system for the Irritant Gas Syndrome Agent triage.

Nurse Input Computer Recommendation
Urgent Monitor Exit
Urgent 11 10 11
Monitor 0 57 23
Exit 0 1 173
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Discussion

During the April 2017 exercise, kiosk helpers and triage nurses
each received 1-hour of training. Thiswas necessary to achieve
familiarity with the system. The current version of EDICT was
designed to focus on efficiently triaging patients related to an
IGSA. Future development will look to create decision support
for additional MCl scenarios and deploy EDICT during normal
hospital operations. Everyday use of EDIT by caregiverswould
minimize the amount of training necessary for its deployment
during an MCI.

Principal Findings

The utility of EDICT evauated during a large-scale mock
exercise demonstrated many successful aspects of the system.
The efficiency of such an approach has the potential to
substantially improve patient management during chaotic
situations, improve patient outcome, and provided a research
platform for data collection, data-mining, and modeling during
an MCI related triage. In Table 2 we have presented information
related to outliers in each stage of the patient triage process.
While in this work we have used these temporal anomalies to
further investigate the functionality of the app, during an actual
deployment of this app, this feature can be used to monitor
patient progress. For example, apatient who may exhibit along
waiting time or does not have an exit timestamp may be traced
and any problems rectified. The fast analysis of complex data
by computers alows for incorporation of sophisticated triage
processes, which will inevitably lead to improved patient
outcomes.

Two components of EDICT have contributed substantialy to
accelerating patient processing. The first component harnesses
the organization and improved efficiency of a pipeline
mechanism during an MCI event. The utility of a pipeline to
improve productivity has been exploited significantly in
designing current computer hardware [17] and predates to as
far back as Henry Ford'sModel T production [18]. The second
contributing factor takes advantage of the concurrency in
gathering data and processing patients which demonstrates
dynamically adaptive nature of EDICT. Thiswas accomplished
by using several mobile devices— asmany aseight at times—to
gather patient datain the kiosk system and triage patientsin the
secondary triage stage. Since agiven mobile device can function
in either kiosk or nurse mode, the utility of the devices can be
atered to accelerate the slowest segment of the patient
processing pipeline. For instance, during our exercise, from
between 12:30 pm and 2:00 pm (Figure 13), arush of patients
inundated the kiosk stage of the pipeline. In response, two
additional tablets were switched into kiosk mode and added to
the patient processing pipelineto resolve apotential bottleneck.
Thisfeature of the app alows for real-time modification to the
system to satisfy the most demanding portion of the triage
process.

Limitations

Future iterations of EDICT will look to resolve important
obstacles identified during our analysis. First, despite a97.1%

Boltin et al

(5174/5328 transactions) data compl eteness, some patientswere
able to bypass sections of the software by using the app in
unintended ways (eg, exiting the app and reopening it). Second,
during the exercise, we identified some instances where the
final submission button was not clicked by the user (nurse or
patient). These instances were the primary contributors to
anomalous times. To resolve these issues, future developments
of the app may include automatic time-out features.

A key aspect of developing atriage system is the identification
of bottlenecks or areas in which the patient processing might
be slowed down. By quantifying the time patients spent at
different sections, we were able to identify and remedy these
bottlenecksfor futureiterations of EDICT. For example, patients
spent more time on question 1 in the kiosk system than any
other question. The expertise of a human-computer interaction
researcher can help design better approaches to the limitations
imposed by the cumbersome use of the on-screen keyboard.
Advances in Natural Language Processing can aso be of
immense help in this category.

During the April 2017 exercise, we anticipated two additional
limitations: battery life, and internet availability. Although both
issues are current limitations for any mobile development, they
can be resolved in numerous ways. During the exercise, we
provided redundancy in our system by having power-packs
ready for useif necessary. A backup laptop server with 10 hours
of battery life and a battery operated mobile Wi-Fi system was
aso prepared to handle any possible power failure.
Theoretically, with the use of solar panels, one could deploy
our independent integrated system in any remote location.

Conclusions

Analysis of the data from the 2017 drill allowed us to quantify
user behavior and measure the performance of the decision
support system. The data shows that the kiosk system design
performed well during the exercise regarding patient
management related to a chemical MCI. Of 296 patient users,
97.3% (288/296) were able to complete the kiosk system either
on their own or with an assistant, which suggests very few
usability issues. Thisissubstantial considering that participants
using the kiosk without an assistant had no training or prior
experience using the app.

The data al so showed strong agreement among nurses regarding
EDICT’s decision support system. Overall, nurses agreed with
EDICT 91.6% (262/286) of the time when it came to choosing
an exposure level and 84.3% (241/286) of the time when
selecting an action. EDICT reliably demonstrated the ability to
collect patient data through a self-service kiosk system, thus
reducing the burden on hospital resources. Also, the mobile
technology allowed nursesthe freedom to triage patients on the
go while staying connected to a decision support system which
they felt would give reliable recommendations. This work has
set aprecedent for the way patientswill be triaged in the future
and is a testimony that mobile technology can be a viable
resource, even in an environment as chaotic as a hospital ED
during achemical MCI.
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Multimedia Appendix 1

Chemical triage algorithm for detecting an I rritant Gas Syndrome (IGSA). The algorithm requiresthat decisions be made regarding
a patient's exposure level and action to correctly assign atriage category.
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Abstract

Background: The Recovery Record smartphone app isaself-monitoring tool for individuals recovering from an eating disorder.
Unlike traditional pen-and-paper meal diaries, which are often used in eating disorder treatment, the app holds novel features,
such asmeal reminders, affirmations, and patient-clinician in-app linkage, thelatter allowing for cliniciansto continuously monitor
patients' app data.

Objective: To explore patients' experiences with using Recovery Record as part of outpatient eating disorder treatment.

Methods: A tota of 41 patients from a Danish eating disorder treatment facility were included in the study. All 41 patients
participated in participant observations of individual or group treatment sessions, and 26 wereinterviewed about their experiences
with using the app in treatment. The data material was generated and analyzed concurrently, applying the inductive methodol ogy
of Interpretive Description.

Results: The patients experiences with Recovery Record depended on its app features, the impact of these features on patients,
and their specific app usage. This patient-app interaction affected and was affected by changeable contexts making patients
experiences dynamic. The patient-app interaction affected patients placement of specific Recovery Record app features along a
continuum from supportive to obstructive of individual everyday life activities including the eating disorder treatment. As an
example, some patients found it supportive being notified by their clinician when their logs had been monitored as it gave them
a sense of relatedness. Contrarily, other patients felt under surveillance, which was obstructive, as it made them feel uneasy or
even dismissing the app.

Conclusions: Some patients experienced the app and its features as mostly supportive of their everyday life and the eating
disorder treatment, while others experienced it primarily as obstructive. When applying apps in eating disorder treatment, we
therefore recommend that patients and clinicians collaborate to determine how the app in question best fits the capacities,
preferences, and treatment needs of the individual patient. Thus, we encourage patients and clinicians to discuss how specific
features of the applied app affect the individual patient to increase the use of supportive features, while limiting the use of
obstructive ones.

(JMIR Mhealth Uhealth 2018;6(6):€10253) doi:10.2196/10253

KEYWORDS

feeding and eating disorders; anorexia nervosa; bulimia nervosa; mental health; psychiatry; mHealth; mobile applications;
self-monitoring; blended treatment; eating disorder treatment
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Introduction

Blended Treatment in Health Care Settings

Since the launch of mobile phonesin 2007, the devel opment of
mobile phone apps has rapidly increased within health care
settings; by 2017, more than 325,000 health-related apps were
avalable to the large population of mobile phone users
worldwide[1]. Correspondingly, “blended” treatment, namely,
themixture of digital toolsand traditional face-to-face treatment,
is becoming more common, although highly underresearched
[2]. In many countries, digitized health care is encouraged
politically becauseit is expected to bring about several benefits,
such as awider geographical outreach and reduced costs[3,4].
Additionally, severdl digital health toolsaim at engaging patients
in their treatment by performing self-monitoring activities,
which is often helped by in-app nudging features [5-7].

Eating Disordersand Self-M onitoring

Self-monitoring apps have been developed for several mental
disorders, including eating disorders (EDs) [8]. EDs can have
severe physiological and psychosocial consequences, for
example, osteoporosis, infertility, depression, and social
isolation [9,10]. The main EDs are anorexia nervosa, bulimia
nervosa, and binge ED (BED). Anorexia nervosa entails
self-inflicted underweight due to restrictive dieting, whereas
bulimianervosainvolves episodes of binge eating. In both these
EDs, different weight loss measures are applied, for example,
excessive exercising and fasting in the restrictive subtype or
vomiting and the use of laxatives and diuretics in the purging
subtype. BED also includes binge eating but no regular
compensatory weight loss behaviors [11]. In worst cases, EDs
can be lethal [12], and standard mortality ratios are elevated,

Lindgreen et d

especialy for anorexia nervosa [13,14]. Thus, effective ED
treatment is crucial, athough only 40%-70% fully recover,
relapse is common [10], and treatment dropout rates are high,
ranging from 29% to 73% in outpatient settings [15].
Normalizing patients' eating patterns and weight is prioritized,
especidly in the initial treatment phases [16]; often,
cognitive-behavioral therapy (CBT) is applied because it has
been found to be effective for this purpose [17-19]. CBT aso
aims at patients gaining an understanding of what triggers and
relieves their ED symptoms [20]. For these purposes, CBT in
ED treatment employs self-monitoring activities where patients
register information on their meals and their emotions, behavior,
and thoughts related to each meal and their ED in general [20].
Normally, clinicians review the patient’s diary in the beginning
of each treatment session to integrate it in the session [20].
However, effective CBT, including self-monitoring, is
challenged by the high dropout ratesin ED treatment [ 15]. These
might be explained by patients' ambival ence toward dismissing
the ED [21], patient-reported inadequate amounts of clinician
support [2,22], and alack of patient buy-in to treatment, that is,
patients disagreeing with the rational e of the given ED treatment
[23]. Additionally, filling in apen-and-paper diary and bringing
it to treatment sessions seemsto be outdated, which is supported
by patients requesting digital aternatives [24,25].

Recovery Record: An App for Eating Disorder
M anagement

Recovery Record (RR) is an example of a self-monitoring app
for ED management [26]. It works as a self-management tool
or as a part of treatment where clinicians employ the clinician
interface of the app [26]. Similar to the recognized ED treatment
regimens[27,28], RR issues |og questions on the user’'s meals,
behavior, feelings, and thoughts (Figure 1).

Figure 1. Examples of log questions in Recovery Record. The screenshots are from a Samsung Galaxy S7 (SM-G930F) running Android 7.0.

You grow closer to recovery with every log entry. So, Which meal Did you binge?
let's get started.

(O Breakfast “

Yes

Did you skip this meal? @ Morning Snack

O Lunch
n Yes (O Afternoon Snack

(O Dinner How strong is your urge to binge now?
How are you feeling overall? (O Evening Snack Not at

(O snack/Unplanned/Other ¢ . - } !

—_— 1 1 1
Who did you eat with? Did you purge by making yourself sick?

Which feelings are you experiencing?

m o

n yes

Parents Jther

0 G °) Happy
O ( . e Where did you eat? How strong is your urge to purge now?
s T O School, college, university ot
a .m,l Anxious O Work & 1 1 I I
= O Home
O S O Friend's House Thoughdtary
O Outside

More feelings
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It also includes nudging features, that is, meal reminders and
affirmations following a mea log, prompting users to
self-monitor and eat regularly [26]. RR encompasses other novel
features, such as personalized goals and coping strategies, and
in-app meal photos intended to increase the user’s incentive to
adhere to the app and standard clinical recommendations. RR
also contains gamification, that is, game-like principles in a
nongame-like setting [29]. In RR, users are rewarded with a
piece of a puzzle for every meal log, eventually resulting in a
full puzzle linking to a song of their preferred genre [26]. If
employed in a treatment program, RR alows for
patient-clinician in-app linkage, enabling clinicians to monitor
patients app data between treatment sessions and providing
patients with in-app notifications when their logs have been
reviewed [26]. Linking also allows for direct patient-clinician
in-app messaging. However, thisfeature is not permitted in the
Danish public health care system because clinicians’ means of
digitally contacting patients are restricted [30]. Nevertheless,
RR may increase patients' adherenceto ED treatment, including
self-monitoring activities, due to its customizable features and
digital format, which individualstend to prefer to pen-and-paper
self-monitoring [8,31,32]. In addition, the incidence of EDsis
peaking among 15- to 19-year-old individuals [33], which isa
tech-savvy age group [3,34]. Finally, patients may prefer in-app
meal logging because it is likely to be more discrete than
pen-and-paper.

Appsin Eating Disorder Treatment

Despite their increasing popularity, concerns have also been
raised regarding the use of ED treatment apps becauseit is still
uncertain how the quality of psychological treatment is affected
when partially disseminated digitally [35]. Additionally, it has
been suggested that treatment facilities are prematurely adopting
apps out of eagerness to work with novel toals, although their
effectiveness and utility remain unclear [36]. However, studies
have identified patient-reported benefits of ED management
apps, in qualitative studies conducted by Basterfield et a (N=15)
and Juarascio et al (N=11), and ausability study with qualitative
elements conducted by Nitsch et al (N=9), participants found
ED management apps to be convenient and easy to adopt [37].
They also appreciated the option of adjusting the apps to fit
their individual needs[24] and found in-app social support from
peers and professionals to be helpful in recovery [24,25,37].
However, these findings were based on small samples, in 2
studies, participants without clinically diagnosed EDs were
included [25,37], and in the third study, participantsdid not use
but simply discussed a suggested app [24]. Therefore, to ensure
an optimal usage of ED management apps facilitating patients
recovery by engaging them in treatment, we still need
knowledge on patients' experiences and preferences with these
apps. Thus, the aim of our study was to explore patients
experiences using RR (eg, helpfulness, ease of use, and
intrusiveness), including their experiences with the app itself
and its influence on treatment and everyday life.

http://mhealth.jmir.org/2018/6/€10253/
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Methods

Setting

Participants were recruited from a specialized 2-centered ED
treatment facility at Aarhus University Hospital receiving around
500 annual referrals. The facility treats patients with moderate
to severe EDs in inpatient or outpatient programs. It employs
53 clinicians working in multidisciplinary teams consisting of
psychiatrists, psychologists, dietitians, nurses, and
physiotherapists, al with a minimum of a bachelor's degree.
Theregular treatment of patientswith anorexianervosadepends
ontheindividual patient’sage and situation, for example, living
Situation and comorbidity. However, typicaly, it involves
family-based treatment or a weekly session altering between
group and individual sessions and the latter including family
members, if relevant [16]. Regular bulimia nervosa treatment
consists of 10 weekly manualized group sessions followed by
an additional group or individua treatment, if needed [38].
Nonresponders are offered additional treatment in the day
hospital consisting of 3 weekly days of treatment for 16 weeks.
In specia cases, patients are offered individually tailored
programs, for example, in case of severe comorbidity. The
facility has been employing a Danish tranglation of RR since
2014, athough not in a standardized way. At the time of data
generation, clinicians had received approximately 2 x 2 h of
group training on how to use RR in treatment and introduce it
to patients, which was carried out by the first author with a
clinician-facilitator ratio of about 10:1. Furthermore, clinicians
had access to written and illustrated training material and were
encouraged to request additional individua training, if needed.

Interpretive Description

We applied the qualitative methodology of Interpretive
Description because it fits the explorative aim of our study and
has the objective of informing and improving clinical practice,
preferably by discovering “ something new” [39]. According to
Interpretive Description, field work, including observation
sessions, isimportant to detect the impact of contextual events
on the matter being studied. Interpretive Description applies
the notion that social influences are formed by people and form
people and their actions; on the other hand, it also seeks a
nuanced understanding of the individual’s perceptions of the
phenomenon of interest [39]. Thus, the methodology draws on
selected parts of ethnography, grounded theory, and
phenomenology but also differs from the listed traditions by
stressing the value of a “research logic,” permitting the
researcher to apply and combine the methods needed to fully
answer the research question. This flexibility of Interpretive
Description is practical when exploring a field, where
unexpected findings may occur requiring an adjusted strategy.
In Interpretive Description, the validity and relevance of the
study are pursued partly by conducting the data generation and
analysis simultaneously and partly by keeping a detailed audit
trail [39]. Theformer allowsfor the early analysistoinform the
subsequent data collection that may be adjusted accordingly
and vice versa, whereas the latter keeps a track of the
preliminary findings and methodol ogical decisions made during
the study [39].
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Theoretical Framewor k

According to Interpretive Description, atheoretical framework
may be applied to help set the study in motion [39].
Consequently, because RR is founded upon it, we employed
the rationale of CBT focusing on the relationship between
physical state, behavior, thoughts, and emations [20]. We also
applied the self-determination theory (SDT) describing how
individuals' actions depend on their persona convictions and
the degree to which their psychological needs for competence,
autonomy, and relatedness to others are fulfilled [40]. We
combined the two because SDT accounts for the individual’s
experience of how it is impacted by its context, for example,
socia setting, to a higher degree than CBT. The theoretical
framework influenced the data generation by inspiring the
development of the interview and observation guides (Tables
1-2). However, it did not determine the data analysis, in which
inductive findings were till allowed [39].

Lindgreen et d

Data Generation

Ethical Considerations

Eligible patients were invited to participate in the study after
theinitial treatment assessment by the clinician performing the
assessment or by thefirst author. The clinician or the first author
provided oral and written information on the study purpose and
methods as well as the participants’ right to withdraw at any
time without any treatment consequences. After 4-8 weeks,
patientswho had neither agreed nor declined to participate were
reminded of the invitation by their primary clinician. If they
agreed to participate, they signed an informed consent form,
which was also signed by the legal guardian(s) if the patients
were under the age of 18 years. The data material was
anonymized and kept confidential. The study was approved by
the Danish Data Protection Agency (case ID: 1-16-02-313-15)
and conducted according to current legislation [41,42].

Table 1. Semistructured interview guide. The guide was adjusted to fit the number of interview participants, who were asked additional follow-up
questions as needed, and the order of subjects (in bold) wasflexible. The theoretical inspiration column identifies which part of the theoretical framework

the questions were inspired by.

Interview guide

Theoretical inspiration

Patients’ usage of Recovery Record (RR)

Please tell me about the way you use RR on a“normal” day without treatment sessions, for example, when in school

S

or with your friends? Do your friends or family members know about RR?

Which RR features do you use? Why? Are there features you have stopped using? Why? —

Does RR affect your eating and your thoughts and feelings about eating? I sit different for you to log ameal accompanied

cBT?

by eating disorder (ED) symptoms (eg, binging) than to log a meal without ED symptoms? How?

What isit like to log your ED behavior, feelings, and thoughtsin RR?

Do you use other appsrelating to EDs or diet or calorie counting? Does RR affect how you use these other apps or vice

versa? How?

Usage of RR in the patient-clinician collaboration

Please tell me about the way you and your clinician adapted RR to your symptoms, that is, when selecting what to

CBT
SDT

CBT and SDT

monitor? Did you and your clinician agree on what was important to monitor? Why or why not? If disagreeing, how

did you and your clinician proceed?

How doesiit feel knowing that your clinician has access to your app data? Do you consider this when logging? Why or

why not?

Are you experiencing that RR affects what you and your clinician discuss during treatment sessions? How?

How does your clinician use RR in your course of treatment, for example, during sessions? Which features does your

CBT and SDT

CBT and SDT
SDT

clinician apply? How do these features make you feel (eg, notifications informing you that clinicians have reviewed

your logs)?

What does it make you feel or think when your clinician has or has not used your logsin RR to prepare your sessions?

Usability of RR

How was the process of downloading, setting up, and beginning to use RR for you? Did you need help from anyone,

for example, your friends or clinician?

If you have previously used a pen-and-paper meal diary, how do you like using RR in comparison? What is different?

Why isthat better or worse?

Do the features, text, images, and menu setup in RR make sense to you? Why or why not? What do you think about

them? How do they make you feel?
Potential alterations of RR

CBT

SDT

SDT

CBT

In your opinion, how could RR beimproved, for example, by additions or alterations? —

8SDT: Self-determination theory.
bCBT: Cognitive-behavioral therapy.
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Table 2. Observation guide. Field notes were recorded discretely during or immediately after the observations. The theoretical inspiration column

shows which part of the theoretical framework the topics were inspired by.

Observation guide

Theoretical inspiration

Situation

Who is present (participants)?
«  What isthe patient-clinician ratio?
«  Clinicians: Which clinical professions are represented?

S

«  Patients: How many are present? How long have they been in treatment? What eating disorder diagnosis do they

have?

«  Others: Are others present, such as relatives (eg, parents), partners, friends, medical students, or others?

Participants

How do participants (patients, clinicians, and others) appear?
«  Mimicry: Which emotions do participants appear to display?

cBT?

«  Verbal communication: What is the tone of voice and choice of words of participants?
«  Nonverbal communication: What body language are participants using? Do participants have eye contact? Does

participants body language change markedly during the session?

Interactions

How do participants interact in relation to Recovery Record (RR)?

SDT

«  How, why, and by whom is RR brought up during the treatment session?
«  How isthe patient-clinician relationship seemingly affected by RR in the session? Do the participants mimicry,

verbal, and nonverbal communication change when using RR?
Activities

Which activitiesin relation to RR are taking place?

CBT and SDT

«  Which specific RR activities are taking place? Do activities differ in individual versus group settings? Are specific
RR features talked about differently in individual versus group sessions?

«  Whoinitiates the specific activities relating to RR?
« How does RR influence any other activities taking place?

8SDT: Self-determination theory.
bCBT: Cognitive-behavioral therapy.

Sample Size and Composition

We recruited patients aged 15 years or older with anorexia or
bulimianervosa. The age limit of 15 years was chosen because
younger patients are offered manualized family-based treatment
[43] (or other treatment substantially involving the family),
whichisincompatiblewith patient self-monitoring [43]. Because
patients with BED were not treated at the facility, they were
excluded, as were inpatients, because they are continuously
monitored by the staff. Patientswith psychotic or developmental
disorderswere al so excluded to ensure a participant sample with
the cognitive resources needed to perform self-monitoring
activities. A total of 41 patients, counting 3 males, wereincluded
(Table 3). All 41 were a part of the participant observations,
and 34 were invited to an interview, of whom 26 accepted the
invitation (Figure 2). Interview participants were sampled
purposefully with the aim of obtaining asample of patientswith
varying characteristics [39]. In all, 20 participants were
interviewed individually, 4 in afocus group, and 2 in a dyadic
interview. The dyad took place because 2 additional participants
did not show up as planned. Initially, more focus groups were
planned with patients attending the same group sessions to
capture their perspectives on using RR in group settings, for
example, their experiences with clinicians formulating themes
across patients using their app data. However, this plan was

http://mhealth.jmir.org/2018/6/€10253/

abandoned because gathering participants outside of treatment
sessions was difficult; some were busy with other activities,
and others declined because their therapist would be absent.
Because ED treatment is often lengthy, we wanted to gather
information on the potential changes in patients' experiences
with RR over time. Thus, 5 participants were individually
interviewed twice with approximately 6 months in between.
These participants were selected purposefully to represent
different ED diagnosis, treatment programs, and genders (Table
3). We invited 15 participants for a second interview, but by
then, most of the patients had been discharged and no longer
wished to participate.

Data Material

The first author conducted 25 individual interviews (average:
57 min, range: 45-95 min), 1 focus group (94 min), and 1 dyadic
interview (83 min), applying a semistructured interview guide
to ensure the coverage of subjectsrelevant to the study aim[39].
To stimulate the discussion in the focus group and dyadic
interview, an exercise inspired by Halkier was applied [44];
participants were given printed screenshots of each RR feature
and were asked to discuss and comment on the relevance of the
features to their treatment. Interviews were conducted at the
treatment facility, except for individual interviews of participants
who preferred being interviewed at home (n=11).
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Table 3. Characteristics of participants. Data were collected at the time of thefirst interview or participant observation session (whichever came first)

from self-report questionnaires and medical records.

Variable

Participants (N=41)

Agein years, mean (SD), range
Body mass index, mean (SD), range
Previous eating disorder treatment® mean (SD), range
Recovery Record usage in months, mean (SD), range
Type of participation, n (%)

Observation sessions

Interviews

Second interview®

Agegroups, n (%)
15-20
21-25
26-30
=231
Grouped body massindex, n (%)
15.0-18.4
18.5-19.9
20.0-24.9
2250
Grouped previous eating disorder treatment, n (%)
0
1
2
=3
Grouped Recovery Record usage in months, n (%)
1-2
34
5-6
=7
Eating disorder diagnosis, n (%)
Bulimia nervosa
Anorexia nervosa restrictive type
Anorexia nervosa binging-purging type
Treatment program, n (%)
Regular bulimia nervosa
Regular anorexia nervosa
Individual
Day hospital

Psychiatric comor bidity®, n (%)

24.0 (5.9), 15-41
20.0 (35), 15.2-27.6
1.3(16), 0-6

5.5 (6.4), 1-24

41 (100.0)
26 (63.4)

5(12.2)

14 (34.1)
15 (36.6)
8(19.5)
4(9.8)

18 (43.9)
5(12.2)
12 (29.3)
6 (14.6)

16 (39.0)
11(26.8)
6 (14.6)
7(17.1)

14 (34.1)
14 (34.1)
4(9.8)
9(22.0)

19 (46.3)
18 (43.9)
4(9.8)

15 (36.6)
11(26.8)
9(22.0)
6 (14.6)
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Variable Participants (N=41)
None 14 (34.1)
Depression 12 (29.3)
Anxiety 7(17.1)
Personality disorder 5(12.2)
Attention deficit hyperactivity disorder 1(2.4)
Daily occupation, n (%)
Student 17 (41.5)
Working 12 (29.3)
Sick-leave 8(19.5)
Otherd 4(9.8)
Living situation, n (%)
Alone 16 (39.0)
With parents 13 (31L.7)
With romantic partner 9(22.0)
With roommate 3(7.3)
Relationship status, n (%)
Single 28 (68.3)
In arelationship 10 (24.4)
Married 3(7.3)

3Defined as the number of previous separated courses of eating disorder treatment in public or private fagilities.

bCharacteristics of participants interviewed twice: bulimia nervosa (n=2), anorexia nervosa restrictive type (n=2), anorexia nervosa binging-purging
type (n=1); treatment program: regular anorexia nervosa (n=1), regular bulimia nervosa (n=2), individual (n=2); mae (n=1).

CSome patients had 2 to 3 additional psychiatric diagnoses (n=8).

%The term “ Other” includes maternity leave and job training arranged by the municipality.

The audio from each interview was digitaly recorded and
transcribed verbatim by a student worker who had received
thorough instructions, for example, on how to mark participants
tone of voice in the transcripts. The first author evaluated the
transcripts by comparing random parts of every fourth
manuscript to the corresponding audio recording. Besides minor
errors, which were corrected, the transcripts were satisfying.

Because individuals' verbal statements on their behavior may
differ from their actual behavior [39], the interviews were
supplemented with participant observations performed by the
first author of the individua or group treatment sessions
(approximately 160 h) [44]. An observation guide was employed
to ensure that the different aspects of patients’ usage of RR and
the patient-clinician interaction concerning the app were detected
and documented as field notes. Besides exploring participants
observed behavior in addition to the interview statements, the
participant observations inspired the further development and
adjustment of the interview guide. The data material was
generated in the years 2016-2017.

http://mhealth.jmir.org/2018/6/€10253/

Data Analysis

Interview transcripts and field notes were continuously added
to and ordered in NVivo 11® [45]. Although the data analysis
was a creative and iterative process repeated as new data
material was generated, it can, for the sake of clarity, be
described as a 4-step procedure [39]. First, we performed a
systematic and broad initial coding constantly shifting between
the process of coding and taking “a step back” to gain
perspective of the data material as a whole. Second, we
discarded irrelevant data, namely, data on technical or aesthetic
aspects of the app, while retaining the data contributing to our
study aim [39]. Third, we described and discussed themes
grounded in the remaining data. If we disagreed on or doubted
their trustworthiness, we repeated the broad coding to ensure
that the themes did indeed derive from the original datamaterial,
and that we had not overlooked any contradictory data [39].
Thus, we addressed any inconsi stencies both within and between
the interview transcripts and field notes. Finally, we described
the critically assessed themes [39].
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Figure 2. lllustration of participant flow and the concurrent data generation and analysis process. Specified in the boxed are the reasons why some

participants were not invited to an interview or declined said invitation.

Participant observations (N=41)

Not invited (n=T)
Droppad out of treatment (n=2.
Discharged (n=3)

v

Tnvited to interviews (n=34)

i

Data generation

Data analysis

i Declined Invitation (n=8) E
| Transferred to inpatient unit (n=2) |,
i Did not respond (=3) 1N
i Discharged (n=3) ; 3
| S e e S s e
Interviews conducted (n=20)
.
Study preparation

Results

Dynamic Patient Experiences

We found that the individual patients placed each RR feature
aong a continuum from supportive to obstructive of their
everyday life activities, including school, work, hobbies, social
events, and the ED treatment. Thus, patients perceived some
features of RR mostly as supportive, for example, affirmations
improving their treatment adherence, while experiencing other
features primarily as obstructive, for example, meal reminders
pinpointing their illness to them when otherwise engaged, for
instance, in school work. We found that the various patient
experienceswith RR depended on A) itsfeatures, B) theimpact
of these features on patients, and C) patients' app usage, that
is, the specific manner in which each patient used RR (Figure
3). This patient-app interaction affected and was affected by
patients’ changeable D) contexts, which made their experiences
with RR dynamic. Three groups of app features appeared
particularly significant to patients’ experiences of RR asmostly
supportive or obstructive, that is, features related to logging,
nudging, and patient-clinician linkage. Below, we elaborate on
the patient-app interaction, but first, we briefly outline the
patient-reported contextual factors of importance when using
RR.

http://mhealth.jmir.org/2018/6/€10253/
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Time

Contexts Affecting the Patient-App Interaction

The contexts described by patients as significant to their
experiences with RR were physical location (eg, in school),
time of day and week (eg, nights and weekends), socia setting
(eg, with friends), and current treatment program (eg, group
treatment). Besides influencing the patient-app interaction,
contextual factors affected the patients’ placement of specific
RR features along the supportive-obstructive continuum. Using
the social setting context as an example, some patients perceived
meal reminders as supportive when alone but obstructive when
with friends. M oreover, the patient-app interaction could change
over time, for example, as patients' treatment progressed; then,
some patients gradually found RR to be more supportive,
possibly due to increased treatment buy-in, that is, an elevated
acceptance level of treatment guidelines, which may have
validated the content of various RR features to patients.

The Patient-App I nteraction

Logging: To Log or Not to Log?

Two aspects of the log questions posed by RR were important
to patient experiences, namely, their focus and preset format
(Table 4). Some patients found it supportive to log because the
preset format made them confront the parts of their ED that they
would otherwise ignore. This was especidly the case after
becoming accustomed to the app over time and encouraging
continuous logging, as recommended by clinicians.
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Figure 3. lllustration of results. The figure depicts the patient-app interaction, ie. the interaction between A) the Recovery Record features, B) the
impact of these on patients, and C) patients' specific app usage. This patient-app interaction (dotted circle) affected and was affected by D) patients
contexts (outer box), ie. physical location, time of day/week, socia settings, treatment program, and the course of time.

D) Contexts

Patient

Table 4. Patients’ experiences with the Recovery Record (RR) meal |og features. The table summarizes the individual patient-app interaction, that is,
the specific features related to meal logs, the impact of these on patients, and patients’ specific app usage supported by interview quotes.

App features and impact

App usage

Interview quotes

Preset log questions
Supportive
Confronting the eating disorder

Obstructive

Pointless if no distress

Maintaining the eating disorder

Focus of log questions
Supportive
Liberating

Obstructive

Enslaving

Continuous logging

Avoiding to log

Obsessive logging

From obsessive to constructive logging

Obsessive logging

“If you're struggling with binging and purging, you'rekinda
forced to log it, 'cause you're asked about it. Previoudly, it
was easier to avoid talking about it if you didn't feel like
it

“I've been able to see arelationship between not eating
enough or at the right time of day, and having an urge to
binge. So, inthat way, logging makes alot of senseto me.”

“If I'm doing well at ameal and moving forward, | don’t
need it [logging]. If | believe I've been eating what I'm
supposed to, | don’'t see areason to log.”

“There'sthisthing in methat wantsto keep track of every-
thing. It [logging] was overwhelming and quite intrusive,
‘cause it had to be a certain way, and | couldn't change the
format. That bothered me alot, 'cause then | felt like the
app controlled me.”

“Sometimes, logging gives meideas. When it [RR] asks
me if I've been exercising, | hate answering no. | never
replied no in the other [fitness] app. So it givesme an urge
to exercise”

“I had to follow ameal plan and log it. And stop weighing
myself and counting calories. It was so scary and stressful,
but also extremely liberating.”

“1 counted calories using this other app. But then | had to
usethis[RR] too, so | had to use two apps. It wastoo much
and became strenuous.”

http://mhealth.jmir.org/2018/6/€10253/

RenderX

JMIR Mhealth Uhealth 2018 | val. 6 | iss. 6 [€10253 | p.128
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

However, other patientsfound it unnecessary or even obstructive
to log if ameal had not caused any significant distress. Then,
these patientsfelt like they were logging simply for the sake of
logging, which was considered as pointless and time-consuming.
Instead, they would prefer not logging altogether.

Prior to adopting RR, several patients had become habituated
to using appsfocusing on weight loss or fithess-related content.
Some found these apps to be addictive because they made
calorie tracking easy, which provided immediate stress relief
by reducing their fear of gaining weight. Then, when
commencing ED treatment, some patients experienced asimilar
addiction to logging but this time in RR; athough not
encouraged in the app, they logged their meals in excessive
detail to keep monitoring their cal orie consumption. This made
some patients log obsessively in RR, which they experienced
as obstructive because it partly maintained their ED by making
them uphold or resume harmful habits developed when using
fitness-related apps. Similarly, the preset log questions, for
example, on exercise or purging, could instigate urgesto exhibit
these behaviors in some patients. Consequently, some
succumbed to these urges, whereas others experienced distress
due to ongoing deliberations on whether to pursue the urges.
To avoid these potentialy triggering stimuli, these patients
tended to avoid logging. On the other hand, otherswererelieved
by replacing fitness-related appswith RR. Herethelog questions
focus on emotions and behavior related to each meal and not
on caloriesand weight. Thus, several patientsfound it liberating
to monitor their food intake in a broad sense as opposed to
having a strict focus on calories and weight, as is the case in
many fitness-related apps. Therefore, some patients therefore
experienced logging in RR as supportive becauseit helped them
transform their previousdy adverse app usage into a
recovery-oriented one. However, other patients did not feel
ready to solely use RR because the thought of completely
abandoning their calorierecordsin fitness-related appsincreased
their anxiety levels. Thus, some used RR and a fitness-related
app, especialy in the initial phases of the ED treatment. This
obsessive “ doubl e bookkeeping” was experienced as obstructive
by patients by being highly time-consuming and enslaving.

Nudging: Guidance or Nuisance?

Two nudging features, meal reminders and affirmations, were
significant to the patients’ experiences of RR (Table 5). Several
patients found the meal reminder feature to be supportive
because it provided a structure guiding them to eat and to log
the number of mealsrecommended by clinicians. Other patients
experienced meal reminders as nuisances occurring at
inconvenient times, for example, when socializing with friends.
To some patients, receiving meal reminders was overwhelming
becauseit confronted them with their illness and treatment need
when they wanted to focus on other things instead. In addition,
othersfound meal remindersto beignorant of the core symptom
of ED; patients were not simply forgetting to eat but explicitly
avoiding it. Finally, mea reminders were experienced as
condescending by some patients feeling like they were being
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treated asincompetent individualsincapable of structuring meals
and remembering to eat on their own. Thus, for different reasons,
some patients mostly experienced the meal reminder feature as
obstructive, making them turn it off or avoid RR altogether.

Receiving an affirmation after a meal log was experienced as
supportive by several patients; they felt rewarded for complying
with treatment guidelines, which encouraged continued app and
treatment adherence. However, other patients found the feature
to be negligent of the seriousness of EDs because they
considered the feature to be built on the assumption that
precomposed messages would speed up their recovery.
Moreover, some patients found that the feature addressed them
as if they were children, which they experienced as
condescending. This was obstructive, especialy to patients
whose ED had led them to regress in terms of maturity, for
example, by moving back in with their parents depending on
their support.

Linking: Safety or Surveillance?

RR linking featuresimportant to patients were data sharing with
clinicians, review notifications received when clinicians had
checked patients' logs, and clinicians’ usage of patient-app data
in treatment sessions (Table 6). Overall, several patients found
the patient-clinician linkage feature to be supportive by making
them feel safe; patients expected cliniciansto monitor their logs
and interfere, if necessary, for example, if they unintentionally
neglected any treatment guidelines. Thus, the linkage feature
encouraged these patients to log continuously, enabling
clinicians to track their treatment progress and interfere if
needed. However, the linkage feature caused distress in other
patients who felt exposed; not only were their ED symptoms
documented in an app but the datawere also visibleto clinicians.
The distress was especialy prominent in patients with ED
symptomsthat they perceived as shameful, for example, binging
and purging. Thus, some patients logged their meals leaving
out the shameful symptoms, whereas others avoided logging
altogether. To these patients, the linkage feature was mostly
obstructive due to additional distress.

Several patients found the review notificationsto be helpful by
reminding them that they were not alone in their recovery
efforts; their clinician was “out there.” Thus, by inducing a
sense of relatedness in between treatment sessions, the review
notifications were supportive to some patients, encouraging
them to log continuously and work on their recovery. Yet, the
review notifications caused discomfort in other patients who
felt being under surveillance, particularly when notifications
arrived at unexpected times, for example, on another weekday
than expected. This was obstructive to some as it entailed
speculations as to why clinicians had reviewed the logs at that
specific time. Some patients also had intrusive thoughts about
their clinicians' opinion about their logs, worrying that clinicians
werejudging or making fun of them when viewing the app data.
Subsequently, some patients censored their logs or were
discouraged from logging.
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Table 5. Patients' experiences with the nudging features of Recovery Record (RR). The table summarizes the individual patient-app interaction, that
is, the specific nudging features, the impact of these on patients, and patients' specific app usage supported by interview quotes.

App features and impact App usage

Interview quotes

Meal reminders
Supportive

Structuring Continuous logging

Obstructive

Reminder of illness and treatment
need

Condescending

Affirmations
Supportive

Encouraging and rewarding Continuous logging

Obstructive

Condescending Avoiding to log

Avoiding to log or turning off feature

Avoiding to log or turning off feature

“| feel likeit [RR] ishelping me quitealot. When | started
eating according to the meal plan, it was a good way to
make sure that | was actually following the plan. | need
that structurein my lifein order to eat what I’ m supposed
to”

“Actualy, the app is quite challenging. First, you have to
eat. And when you've eaten, you haveto log it. So you're
reminded that you've eaten. Again. And you just wanna
move on.”

“It'snot like my problem isthat | forget to eat, but that |
sometimes don't want to.”

“It'saffirmationslike ‘| wannabekind and loving to myself
today’. It'sso basic, but then you think, | haven’t been kind
to myself all day. Or maybe the entire week. And the more
times you get those hints, the more they stick with you.”

“It seems likeit’'s supposed to be fun logging all this stuff,
but for me, it's a serious thing that | need to get used to
[logging]. It becomes too much fun and games.”

“Andit’slike ‘here'satreat for you, since you've been
good’. And that makes you feedl lessinclined to recover.
It's a bit childish and condescending. When you have this
[eating disorder], it's like you're becoming a kid again,
‘cause you can't eat on your own. That's reinforced by the
app treating you like achild”

Some patients found it invasive, yet helpful, when clinicians
explicitly used the app data in sessions, for example, by
highlighting patients’ attemptsto resist the urges of ED. Patients
felt that they were taken seriously when they got theimpression
that their clinician had thoroughly prepared the session using
the app data, which encouraged them to keep logging.
Nonetheless, othersfound it obstructive to know that clinicians
could use their app data in session; it made them worry about
their clinician’s judgment prior to each session. Consequently,
some patients excluded information that they expected their
clinician to disapprove. Other patientswould prefer if clinicians
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only viewed their logs during sessions as opposed to before,
allowing them to have a dialogue about and explain what was
logged. Most patients had experienced clinicians not employing
any app datain session, which was disappointing because they
had made an effort logging, partly with the aim of thelogsbeing
commented on. Some patients felt like their clinicians were
neglecting their professional responsibilities when seemingly
not reviewing patient logs and utilizing them in session.
Consequently, some patients lost trust in their clinicians. Thus,
it was primarily obstructive when cliniciansdid not incorporate
the app datain treatment sessions.
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Table 6. Patients' experiences with the patient-clinician linkage feature in Recovery Record (RR). The table summarizes the individua patient-app
interaction, that is, the specific linkage features, the impact of these on patients, and patients' specific app usage supported by interview quotes.

App features and impact App usage Interview quotes
Data sharing
Supportive
Feeling safe Continuous logging “It provides some kind of security knowing that someone
is keeping an eye on me. It makes me feel safer.”
Obstructive
Feeling exposed Avoiding to log or Logging with clinicians “| wasn't always honest about it [exercising]. Often, I'd just

in mind log 'no'. | was embarrassed to admit it to my clinician.”

“I cheat quite alot. Thosedayswhen | don't log, it's because
| feel bad about not eating what | was supposed to.”

Review notifications

Supportive
Feelings of relatedness Continuous logging “I like them [review notificationg]. It's part of treatment. It
reminds methat |I'm doing this [eating disorder treatment].
And they [clinicians] are here to help.”
Obstructive
Feeling under surveillance Avoiding to log or Logging with clinicians  “It makes me wonder why they've been looking at my logs

inmind at that specific time. If it'sin the middle of the week and
my appointment isn't until aweek later, then | start wonder-
ing why they're looking.”
“1t makes me worry. Like, are they laughing at me? Or
judging me. It makes my heartbeat rise.”

Cliniciansusing logs in sessions

Supportive
Encouraging Continuous logging “They'll check if you've lost or gained weight [using a
scale]. And then they confront you saying look at your app
data. You haven't been eating like you should. It's kinda
intrusive, but also really helpful getting that push. You
need it.”
“1t makes me so proud when | succeed and they [clinicians
and other patients] seeit.”
Obstructive
Concerned about confrontation Logging with cliniciansin mind “It was kinda like she had to control that | had been doing

things correctly. It made me wonder what would happen
if I had done something wrong, or hadn't been doing well
enough.”

“1'd rather she'd just ook, when we meet face-to-face, so
| can say something.”

Clinicians not using logsin sessions
Obstructive

Feeling neglected Avoiding to log “She said she'd go through my logs before our sessions,
but | feel like that didn't actually happen. There were no
consequences. If 1'd logged something specific, she didn't
ask about it, although | was expecting it. Then it'slike it
doesn't really matter what | do.”

“If they wanna useit [RR], it should be obvious to them

that they should comment on my logs. If they don't, | don't
mention it. | don't wanna seem needy.”
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Discussion

Minimally Disruptive M edicine

In this study, we found that patients’ experiences with RR were
dynamic and depended on theindividual patient-app interaction.
Some patients primarily experienced the RR features as
supportive of their everyday life activities, including the ED
treatment, for example, by supporting a regular eating pattern
and by inducing asense of relatednessto clinicians. In contrast,
other patients mostly perceived the app or its features as
obstructive of day-to-day life, for example, when feeling being
under surveillance or when transferring obsessive logging
behavior from other apps to RR. Thus, our findings add to the
field by highlighting the complex diversity of patient
experiences using an app such as RR and with that the
importance of adjusting technological treatment toolsto fit the
individual patient.

The concept of minimally disruptive medicine may explain part
of our findings; it aims at offering effective treatment that also
fits the individual patient’s preferences and daily life [46]. In
minimally disruptive medicine, managing the workload, that
is, tasks and responsibilities, associated with long-term treatment
requires substantial patient capacities, for example, individual
and contextual resources[46]. If the treatment workload exceeds
the patient’s capacities, they feel burdened and may reduce their
adherence to treatment, thereby decreasing its effectiveness
[47]. Thus, clinicians and patients need to collaborate to reach
a patient workload-capacity balance [46]. Transferred to our
study, some patients might have experienced RR mostly as
obstructive of daily life because the workload accompanying
the app exceeded their overall capacities or conflicted with their
preferences. Thus, patients and clinicians need to assess the
various app features together, while taking patients' day-to-day
life activities, preferences, treatment needs, and capacities into
account. Consequently, the supportive app features may be
applied further, whereas the obstructive ones may be avoided.
However, this patient-clinician collaboration may be challenging
because tools assessing patient capacities and preferences are
lacking [47]. Furthermore, the patients’ perception of treatment
workload may depend on their abilities to counteract the ED
pathology in general; in ED treatment, a common challengeis
the egosyntonic nature of some ED symptoms and patients
ambivalence toward some treatment activities, for example,
weight gain[48]. Finaly, theclinicians’ reception of thetraining
on how to use RR and with that their specific RR usage [49]
may aso influence the patients experiences of treatment
workload. Thus, minimally disruptive medicine might be
especialy complicated to apply in ED treatment. Still, we
recommend clinicians to focus on how self-monitoring apps
may best fit the individual patient’s preferences and treatment
needs.

Clinical practiceisin need of explicit guidelines on the usage
of appsin ED treatment [49]. Although the specific content and
design of such guidelines require more research, our study
outlines possible recommendations. Overall, patients and
clinicians need to explicitly discuss how to apply aspecific app
in treatment and the patient’s everyday life. Specifically, we
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recommend adiscussion of (1) the degree of helpfulness of app
features to determine which should be applied and how, (2) the
parties’ expectations to one another regarding the usage of app
data in and outside treatment sessions, including who is
responsible of introducing the datain session, (3) specificissues
related to possibly harmful, obsessive logging, and (4) each
patient’s specific reasons for potentially not logging. We
recommend these points to be discussed continuously during
the course of treatment because the individual patient’s needs
and preferences might change over time. Finally, we encourage
app devel opersto ensure that the apps areflexible, allowing for
specific featuresto be easily selected or desel ected in accordance
with the preferences and treatment needs of individual patients.
Besides further research on the content of clinical guidelines,
our findings pinpoint the need for studies investigating the
treatment effect of RR and similar apps, the positive and
negative effects of specific app features on patient sub groups,
and predictors of app usage, for example, patient characteristics.

Strengthsand Limitations

To our knowledge, our study isthe first to explore in-depth the
patient experiences using an ED treatment app in anaturalistic
ED treatment setting, which isan important step toward filling
the gap in the literature. By generating data in individual and
group settings, we have covered the aspects affecting the
patient-app interaction on both these levels. However, the group
dynamics of relevance when using RR in group treatment might
have been elaborated on further, if more group interviews had
been feasible. It isalsoimportant to consider the potential impact
of the cultural setting on the study participants and with that
the findings; in Denmark, public health care is free of charge,
which might reduce the influence of socia and financia
resources on treatment experiences, as found in other countries
[50]. The dismissal of the in-app messaging feature could also
have biased our resultstoward more negative patient experiences
with RR, for example, by limiting their feelings of relatedness.
Moreover, our findings might have been skewed by the fact that
some participants declined or did not respond when invited to
an interview. Nevertheless, because the remaining participant
sample is rather diverse in terms of patient characteristics, we
expect having portrayed significant experiences of various
patient groups. Although our novel approach of interviewing
participants twice provided some understanding of the
perspectives on using RR over time, more than 5 participants
would likely to have benefited our study. Finally, there are
several RR features that we have not dealt with in this paper
because patients did not point them out as significant. However,
rather than patients not finding these features asimportant, their
disregard of some features might be associated with the
nonstandardized clinician app usage at the ED treatment facility,
or alack of clinician training or technological abilitiesin some
clinicians. Thus, ED treatment facilities and clinicians should
keep in mind that the remaining app features might still benefit
patientsif applied appropriately.

Conclusions

Patients' experiences with RR in ED treatment varied and
depended on their individual app interaction and contextual
factors. Some patients experienced RR mostly as supportive of
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their everyday life and ED treatment, whereas others capacities, preferences, and treatment needs. Similarly, we
experienced the app and its specific features primarily as encourage app devel opersto build flexible appsthat may easily
obstructive. Thus, when applying apps in ED treatment, we beadjusted tofit individual patient’s preferences and treatment
recommend that patients and clinicians collaborate to clarify  needs.

how the app in question best fits the individual patient's
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Abstract

Background: Young people often struggle to self-manage type 1 diabetes during the transition from childhood to adulthood.
Mobile health (mHealth) apps may have the potential to support self-management, but evidence is limited and randomized
controlled trials are needed.

Objective: We assessed whether the mHealth app “ Young with Diabetes’ improved young peopl €'s self-management measured
by glycated hemoglobin (HbA ;) and three self-reported psychometric scales.

Methods: Young people (14-22 years) with inadequate glycemic control and their parents were enrolled in a randomized
controlled trial and assigned either to Young with Diabetes and usual care (Young with Diabetes group) or to usual care alone
(contral). Young with Diabetes use was monitored; functions included a chat room, contact the health care provider, reminders,
tips, information about the diabetes department and type 1 diabetes topics, carbohydrate counting, and aparents’ section. Outcomes
included HbA ;. and three self-reported psychometric scales: Perceived Competence in Diabetes Scale; Health Care Climate
Questionnaire; and Problem Areas In Diabetes care survey. Data were collected at baseline and at 2, 7, and 12 months.

Results: A tota of 151 young people were randomized (Young with Diabetes group=76, control=75) and 49 parents agreed to
participate. At 12 months, HbA ;. was significantly higher (4.1 mmol/mol; 0.4 %) in the Young with Diabetes group, compared
to the control group (P=.04); this finding did not occur when comparing app users (Young with Diabetes use =5 days) with
nonusers. Young people used Young with Diabetes on a mean of 10.5 days. They spent the most time chatting about alcohol and
searching for information about sex. Most young people and half of the parents reported that Young with Diabetes helped them.
More than 80% would recommend Young with Diabetes to peers.

Conclusions: Young with Diabetes did not improve HbA ., but it may be a useful complement to self-management. Qualitative
evaluation is needed to explore benefits and shortcomings of Young with Diabetes. Health care providers should address young
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peoples’ knowledge about sensitive topics, provide them with peer support, and be aware of parents’ need for information about

how to support

Trial Registration: ClinicaTrials.gov NCT02632383; https://clinicaltrials.gov/ct2/show/NCT02632383 (Archived by WebCite

at http://lwww.webcitation.org/6zCK2u7xM)

(JMIR Mhealth Uhealth 2018;6(6):e141) doi:10.2196/mhealth.9487

KEYWORDS

mHealth; randomized controlled trial; self-management; diabetes; young people; transition

Introduction

Background

As young people with type 1 diabetes (T1DM) grow up, they
are expected to assume responsibility for their disease
self-management [1]. Thisincludesdaily insulin dosage, glucose
measurements, and carbohydrate counting to meet the
recommended target for glycemic control [2]. However, young
peopl e often struggle to achieve adequate glycemic control [3],
risking early onset of long-term complications [4]. Parents are
key playersin supporting young peoplein self-managing T1DM,
but they are often faced with stress and frustration [5] and
reguest guidance on how to support their children [6].

Self-management is defined asan individual’ s ability to manage
the symptoms and the consequences of living with a chronic
condition, including treatment, physical, social, and lifestyle
changes [7]. In young people, self-management is a gradual
process of acquiring necessary skills and knowledge, with
parents as consultants [1].

Mobile health (mHealth) apps present unique opportunities to
engage young people in self-management by providing
information and optimizing communication with health care
providers [8]. Recent studies among adults show promising
results. A systematic review assessed the effectiveness of
self-management apps in long-term conditions and found that
six of ninestudies significantly improved outcomes[9]. Another
systematic review of 12 randomized controlled trials (RCTS)
demonstrated a significant reduction of glycated hemoglobin
(HbA ) in adults (particularly with type 2 diabetes) allocated
to app-based interventionsto support diabetes self-management
[10].

However, limited evidence exists that mHealth apps can improve
young peoples’ self-management [11]. Only three mHealth apps
for young people with TIDM have been evaluated. Frgisland
et al [12] tested a digital diabetes diary in a three-month
prospective cohort study. At amandatory consultation, thediary
was discussed, and patients and providers reflected on its
recordings (n=12; ages 13-19). Berndt et al [13] tested an app
to collect dataand provide clinical supportin afour-week RCT
(n=68; ages 8-18). Finally, Goyal et a [14] tested an mHealth
app inal12-month RCT (n=92; ages 12-15). The app facilitated
feedback on the transfer of blood glucose readings from a
glucometer, rewarding action. The three studies found no
improvement in HbA ;. compared to the control group. However,
one study [14] found a statistically significant association
between increased self-monitored blood glucose and improved

http://mhealth.jmir.org/2018/6/e141/

HbA ;.. Unfortunately, comparability is limited by the small
number of existing studies and differences in intervention
design. As the number of mHealth apps rapidly increases, a
pressing need arises for more RCTSs to assess the impact of
mHealth apps among young people and their parents [15].

Young with Diabetes - The mHealth App

ThemHealth app, Young with Diabetes (Y WD), wasdevel oped
in 2014 and 2015 in a mixed-methods design based on a
participatory approach, with the aim of supporting young people
and parents in TIDM sdlf-management. Usability was tested
in think-aloud tests and by a mail panel, and feasibility was
tested for five weeks by young people and health care providers.
The development is detailed elsewhere [16]. YWD is based on
the premisethat providing aplatform for young peopleto access
information and support from peers, parents, and health care
providers will improve their self-management skills. YWD
comprises eight main functions (Multimedia Appendix 1)
described inthefollowing: (1) My Page enables usersto contact
their health care provider and write notes, (2) My Department
provides information about the diabetes department, (3) Chat
Room is an opportunity to chat with peers, (4) Carbohydrate
Counting provides information on how to count carbohydrates,
(5) Information about... provides information about multiple
T1DM-topics, such as obtaining a drivers' license, (6) Tips
Package enables users to receive daily T1DM tips, (7) To
Parents provides parents with informati on about how to support
their teen, and (8) Reminder Function allows users to set
reminders for self-management tasks.

The aim of this study was to test whether YWD improved
self-management, measured by HbA ;. and three psychometric
scales, among young people with T1IDM, compared with usual
outpatient care.

Methods

Design, Sample, and Setting

A 12-month, open, parallel RCT was conducted. Young people
were eligible for the study if they satisfied the following
conditions: (1) they had been diagnosed with TIDM for more
than oneyear, (2) received diabetes care at one of three pediatric
or three adult outpatient clinics (Multimedia Appendix 2), (3)
were 14 to 22 years of age, (4) had a HbA,. =64 mmol/mol
(8%) at their last visit and an average HbA ;.>58 mmol/mol
(7.5%) at the last three visits prior to invitation, (5) did not
attend appointmentswith apsychiatrist or psychologist, (6) they
spoke and understood Danish, and (7) did not participate in
other diabetes intervention studies. Parents were invited to
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participateif their child was randomized to the Y WD group and
if they spoke and understood Danish.

Recruitment Procedures

Young people and parents were recruited from November 2015
to March 2016. They received an invitation letter, followed by
a phone call to answer any questions. If young people were
interested, a one-hour meeting was scheduled to complete
written consents and randomi zation. Participantsweredigitally
randomized in a 1:1 allocation ratio either to YWD and usua
care (YWD group) or usua care alone (control). They were
stratified by department in random permuted blocks of two and
four. Blinding was not possible.

Intervention

After randomization, young people and parents downloaded
YWD on their smartphone or tablet during a 10-minute initial
face-to-face or tel ephone guidance session provided by thefirst
author. The parents received the same version of YWD except
for the Chat Room, which was only available for young people.
Young people were encouraged to use YWD as a stand-alone
resource and in collaboration with their parents and health care
providers. They received no promptsto use YWD. The control
group received only usual outpatient care, which consisted of
quarterly clinic visits (measuring HbA ., adjusting insulin and
receiving guidance on carbohydrate counting).

Physicians, nurses, and dieticians provided the YWD
intervention as part of usual outpatient care and saw participants
from both the YWD and control groups. No extra time was
allocated for the YWD intervention. Health care providers
attended YWD training: a one-hour introduction to the app
followed by two roleplaying scenarios with a colleague or the
first author acting as young patients [16].

Thefirst author offered monthly visits to health care providers
to address technical issues and refresh training in app use; a
telephone hotline was available for technical difficulties. The
app content did not change during the study.

Outcome M easures

Outcomes datawere collected at baseline and two months, seven
months, and 12 months after YWD use began. The primary
outcome of HbA,. was measured by a single automated
glycohemoglobin analyzer (Tosoh) at Nordsjadlands Hospital .
Three psychometric self-reported scales measured the secondary
outcome of the development of self-management skills.
Perceived competence at managing diabetes was measured by
the five-item Perceived Competence in Diabetes Scale (PCD)
[17]. The degree to which participants experienced their health
care provider to be autonomy-supportive in providing general
treatment was measured using thefive-item Health Care Climate
Questionnaire (HCCQ) [17]. The perceived burden of
diabetes-related problems was assessed using the 20-item
Problem Areasin Diabetes care survey (PA1D-20) [18]. Severe
hypoglycemic episodes (low blood glucose levels requiring
assistance from another person) and acute diabetes-related
hospitalizations were self-reported.

http://mhealth.jmir.org/2018/6/e141/
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Sociodemographic Items and Young with
Diabetes-Specific Questions

Sociodemographic characteristics (gender, age, height, weight,
age at diabetes onset, occupation, family structure, comorbidity,
insulin regime, weekly blood glucose measurements, transfer
to adult care, smoking, and alcohol use) were self-reported.
Responses to YWD-specific questions, such as “Has YWD
helped you?’ and “Would you recommend it to peers?’ were
self-reported using yes/no response options.

The psychometric scales, sociodemographic items, and
YWD-specific questions were compiled into an electronic
guestionnaire. Face validity was tested in six young people
before the tria start; no changes were required.

YWD users were defined as those who had used YWD on at
least five days. The cutoff of five days was set to be sure the
participants used the app more than the four times where they
were paid avisit from the data collector (baseline, 2, 7, and 12
months). YWD use was documented by |og data as time, date,
and action (view, update, create, delete). Page hitswere defined
as the number of “clicks’ within a function. Technical issues
were noted.

Power Estimation

Sample size estimation was based on HbA ;.. A minimum of 52
participants per group was necessary to detect a difference of
5.5 mmol/mol (0.5 %) in HbA;. a 80% power with 5%
significance level, a standard deviation in the outcome variable
of 0.5, and a 2-tailed significance test. To compensate for
potential dropouts, a 25% adjustment was made, resulting in a
target sample size of 65 subjects per group.

Statistical Analysis

Baseline data were described by mean and standard deviation
(continuous variables) and frequencies and proportions
(categorical variables). In accordance with the CONSORT
guidelines [19], hypothesis tests for baseline differences were
not performed.

The primary intention-to-treat analysis, comparing groups at
12 months, was performed by a linear regression model
adjusting for baseline values and diabetes department. Due to
stratified randomization, the department was included in the
regression model as a categorical covariate [20].

The effect of YWD depends on use. Consequently, the
CONSORT-EHEALTH checklist [21] recommends asub-group
analysis comparing users with nonusers, equivalent to an
as-treated analysis. YWD useis a post-randomization variable,
and the possibility that several unmeasured factors affected both
the probability of noncompliance with the intervention and
glycemic control confounds the as-treated analysis. We,
therefore, focused on estimating the complier average causal
effect of YWD [22]. The analysis compared the effect of the
intervention among compliers (the observed YWD users and
those from the control group who would have been YWD users
had they been assigned to the YWD group) and non-compliers
(the observed YWD non-users and those from the control group
who would have used YWD less than 5 days had they been
assigned to the YWD group) [22]. The causal effect of YWD
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on HbA; at 12 months among compliers was estimated by the
expectation-maximization algorithm assuming normally
distributed outcomes in each of the principal strata under
one-sided noncompliance. This estimate was adjusted for
baseline HbA,. and department. Baseline variables were
included as covariates for the probability of compliance with
the treatment allocation in alatent logistic regression model.

Secondary analyses of outcomes (HbA,., PCD, HCCQ and
PAID) over time were performed using a constrained mixed
model incorporating all measurement periods[23]. Confidence
intervals were calculated using normal approximation. The
number of acute hospitalizations and severe hypoglycemic
episodes was compared by logistic regression after
dichotomizing outcomes into zero or one or more events.

Analyses were performed by a statistician blinded to group
assignment using R version 3.3.3 and Mplus?. A value of P
<.05 was considered to be statistically significant.

Ethical Considerations

YWD complies with regulations for protecting personal health
information. A code was required to access YWD in addition
to user name and password. Written informed consent was
obtained from young people and parents, and parental consent
was required for participants younger than 18 years. The study
was approved by the Danish Data Protection Agency (no. 04015
NOH-2015-031) and performed in accordance with ethical
recommendations of Helsinki Declaration. Ethical approval by
Research Ethics Committee was not necessary (Ref.no.
14013934). The study is registered at ClinicaTrias.gov
(NCT02632383). The RCT is reported in accordance with the
CONSORT-EHEALTH guidelines for improving and
standardizing eval uation reports of Web-based and mobile health
interventions  (Multimedia Appendix 3 shows the
CONSORT-EHEALTH checklist [21])

Results

Overview

A total of 852 young people were assessed for eligibility, of
whom 701 wereexcluded (Figure 1). Intotal, 126 young people
declined to participate because they weretoo busy (n=64), were
not interested in the research project (n=29), did not want to
focus on diabetes (n=11), did not feel they needed the app
(n=10), had no reason (n=9), or dueto illness (n=3). A tota of
151 young people (54% female) were randomized to the YWD
group (n=76) or control group (n=75); of these, 148 (YWD=75,
control=73) completed follow-up assessments, yielding a
retention rate of 98%.

Participants were enrolled at their homes (n=121), school
(n=10), hospital (n=9), café (n=4) or by phone (n=7).
Baseline Characteristics

Participants’ mean agewas 17.6 (SD 2.6) years, and their mean
duration of TIDM was 8.0 (SD 4.5) years (Table 1). One third
(n=42, 28%) had at |east one comorbidity, and half (n=70, 46%)
of the participants’ parents were divorced. A total of 49 parents
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participated, representing 40 (53%) young people in the YWD
group.
Outcome M easures

Glycated Hemoglobin

Mean basdline HbA ;. (Figure 2 and Table 2) was 81.1 mmol/mol
(SD 18.0) or 9.6% (SD 1.6) in the YWD group and 76.2
mmol/mol (SD 14.9) or 9.1% (SD 1.4) in the control group.
This difference was not significant (P=.07). At the 12-month
follow-up, mean HbA ;. was 81.4 mmol/mol (SD 18.8) or 9.6%
(SD 1.7) in the YWD group and 73.9 mmol/mol (SD 12.6) or
89% (SD 1.2) in the control group. The
intention-to-treat-analysis, comparing the two groups at 12
months, showed a significant difference in glycemic control
(P=.04), with the control group having a 4.1 mmol/mol (95%
Cl 0.3-7.9) or 0.4% (95% CI 0.0-0.7) lower mean HbA ;. after
adjusting for baseline values. After including all follow-up
periods in the mixed model, this difference was 4.3 mmol/mol
(95% CI 0.7-8.0) or 0.4% (95% CI 0.1-0.7, P=.02). Despite
randomization, the YWD group included more females. This
difference was not significant (P=.37); adjusting for gender in
the intention-to-treat analysis did not change the results.

Effect of App Use on Glycated Hemoglobin

The as-treated analysis, comparing YWD users with nonusers,
yielded a non-significant difference in HbA,. at 12 months
(P=.67), with the control group having a 0.9 mmol/mol (95%
Cl -3.1t04.9) or 0.1% (95% CI —0.3t0 0.4) lower mean HbA ;.
The complier average causal effect of YWD, comparing the
effect of the intervention among compliers and non-compliers
(please refer to the Statistical Analysis section for further
details), yielded a non-significant difference of 3.9 mmol/mol
(95% CI —0.7 to 8.9) or 0.4% (95% Cl —-0.1to 0.8, P=.11) in
HbA ., favoring the control group. No baseline covariateswere
significantly associated with the probability of compliance with
the treatment allocation (Multimedia Appendix 4). However, a
negative effect on the probability of complianceto the treatment
allocation was related to comorbidity, divorced parents, severe
hypoglycemic episodes during the previous 12 months,
forgetting insulin, smoking, alcohol-drinking intake and skipping
school. A positive effect on the probability of compliance with
the treatment allocation was related to the number of glucose
measurements last week, acute hospitalizations, insulin pump
and the female gender.

Sl f-Reported Self-Management of Type 1 Diabetes

As shown in Table 2, no significant effects on PCD (P=.39),
PAID (P=.13), or HCCQ (P=.53) were observed.

Hypoglycemia and Hospitalizations

Between-group  differences in acute diabetes-related
hospitalizations and severe hypoglycemiawere not statistically
significant. Seventeen (22%) participantsfrom the Y WD group
and 8 (11%) participants from the control group were
hospitalized for an acute event at least once during the 12-month
study period. The control group had 54% lower odds (oddsratio
[OR] 0.46, 95% CI 0.17-1.15, P=.10) of acute hospitalization
after adjusting for acute hospitalizations during the 12 months
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prior to enroliment. A total of 34 (45%) participantsintheYWD  13% lower odds (OR 0.87, 95% CI 0.43-1.75, P=.70) of severe
group and 29 (39%) in the control group experienced at least  hypoglycemia, compared to YWD group, after adjusting for
one episode of severe hypoglycemia. The control group had hypoglycemic episodes during the year prior to the study.

Figure 1. Participant flow diagram.

[ Enrollment ] Assessed for eligibility Excluded (n=701)

(n=852) + Not meeting inclusion criteria (n=529)

. <14 gr =22 years old (n=4)

+  Moving to another diabetes clinic (n=6)

»  Seeing a diabetes health care provider
outside the youth team (n=3)

+  Participating in another intervention study
(n=2)

. Diabetes onset <1 year ago (n=17)

. Has seen YWD (n=2)

»  Last measured HoA1c < 64 mmol/mal or

mean of last three measured HbA1: < 58
mmol/mal (n=413)
»  Missing HbA1z (n=11)
Missing records (n=2)
Psychiatric disorder (m=12)
Psychiatrist/psychologist (n=27)
Mot Danish speaking (n=1)
Mot having diabetes type 1 (n=5)
Participated in developing the app (n=24)
« Declined to participate (n=126)
« Other reasons (unable to reach) (N=46)

L S R T )

Randomized (n=151)

L 4 [ Allocation ] X
Allocated to app-intervention (n=76) Allocated to standard care (n=75)
+ Received allocated intervention (n=76) + Received allocated intervention (n=75)
+ Did not receive allocated intervention (n=0) + Did not receive allocated intervention (n=0)

v [ Follow-Up (2 month) } L 4
Last to follow-up (Too busy) (n=1) Lost to follow-up (n=0)
Discantinued intervention (n=0) Discontinued intervention (n=0)
Missing data (HbA1z: n=6, Questionnaire: n=3) Missing data (HbA1c: n=2, Questionnaire: n=2)

¥ [ Follow-Up (7 month) ] v
Lost to follow-up (n=0) Lost to follow-up (Transfer to another department) (n=2)
Discantinued intervention (n=0) Discantinued intervention (n=0)
Missing data (HbA1c: n=7, Questionnaire: n=4) Missing data (HbA1c: n=9, Questionnaire: n=4)

[ Follow-Up (12 month) ] v
Lost to follow-up (n=0) Lost to follow-up (n=0)
Discontinued intervention (n=0) Discontinued intervention (n=0)
Missing data (HbA1e: n=2, Questionnaire: n=2) Missing data (HbA1c: n=5, Questionnaire: n=5)
[ Analysis ]
Analyzed (n=76) Analyzed (n=75)
+ Excluded from analysis {n=0) + Excluded from analysis (n=0)
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Table 1. Sample characteristics.

Characteristics YWD? (n=76) Control (n=75)
Female, n (%) 44 (58) 37 (49)
Agein years, mean (SD) 17.6 (2.6) 176 (2.7)
Age at diabetes onset in years, mean (SD) 9.2(4.3) 9.9 (4.9
Diabetes duration in years, mean (SD) 8.3(4.3) 7.7(4.7)
Baseline HbA 1" (mmol/mol), mean (SD) 81.1(18.0) 76.2 (14.9)
Baseline PCD® score, mean (SD) 27.4 (6.0) 275 (6.2)
Baseline PAIDY score, mean (SD) 26.7 (19.3) 24.0 (16.1)
Baseline HCCQF score, mean (SD) 28.2(6.8) 25.4(8.4)
=1 acute diabetes-related hospital admissi onf, n (%) 19 (25) 13(17)

>1 episodes of severe hypoglycemia, n (%) 27 (36) 23 (3D
SMBG? per week, mean (SD) 24.4 (12.8) 25.8 (15.5)

Forget to take insulin, n (%)

Every day 5(7) 10 (13)
One to four times aweek 24 (32) 24 (32)
One or more times a month 25 (33) 22 (29)
Never or almost never 22 (29) 19 (25)
BMI", kg/m?, mean (SD) 22.1(3.2) 23.3(3.4)
Smoking cigarettes =21 time in the last month, n (%) 23(30) 25(33)
Drinking acohol =1 timein the last month, n (%) 50 (66) 50 (67)

Insulin regimen, n (%)

Multiple daily injections of insulin 40 (53) 40 (53)
Pump 36 (47) 35 (47)
Living with both parents, n (%) 34 (45) 32 (43)
Divorced parents, n (%) 38 (50) 32 (43)
Education, n (%)
Danish public school (grade 0-10) 28 (37) 26 (35)
Continuation school 2(3) 2(3)
Secondary education’ 15 (20) 14 (19)
University 6 (8) 7(9
Other schoold 12 (16) 10 (13)
Not attending a school at the moment 13(17) 16 (21)
Pediatric site, n (%)
Pediatric and Adolescent Department, Nordsjadlands Hospital, Hillergd 12 (16) 13(17)
Pediatric and Adolescent Department, Herlev 26 (34) 26 (35)
Pediatric Department, Roskilde 7(9) 7(9)

Adult site, n (%)

Department of Cardiology, Nephrology and Endocrinology, Nordsjadlands Hospital, Hillergd 6 (8) 6 (8)
Steno Diabetes Center 20 (26) 20 (27)
Department of Endocrinology, Kage 5(7) 34
Transfer to adult care, n (%) 7(9) 5(7)
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Characteristics YWD? (n=76) Control (n=75)
Comorbidity, n (%) 22 (29) 20 (27)
Learning disability and/or mental health condition 6 (8) 2(3)

2y WD: Young with Diabetes.

beAlc: glycated hemoglobin.

®PCD: Perceived Competence in Diabetes Scale.

dpA|D: Problem Areasin Diabetes Scale.

€HCCQ: Health Care Climate Questionnaire.

facute hospital admission caused by hyperglycemia, ketoacidosis or hypoglycemia.

9SMBG: self-monitored blood glucose.

=TVIE body mass index.

iSecondary education: Gymnasium, Higher Preparatory Examination, Higher Commercia Examination Program, Higher Technical Examination Program.
Iother schools, such as taki ng abachelor in nursing or attending a school of crafts.

Figure 2. Mean glycated hemoglobin (HbA 1) levelsin control and Young with Diabetes (YWD) groups at 2, 7, and 12 months.
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Table 2. Between-group differences in outcomes.

Castensge-Seidenfaden et al

QOutcome Adjusted mean at baseline  Control versus YWD? mean difference (95% Cl)

2 months 7 months 12 months P value?
HbA 1, mmol/mol 78.9 —2.8(-5.4t0-0.3) -6.2(-9.5t0-2.9) -43(-8.0100.7) 0.02
HbA 1", % 9.4 -0.3(-0.5t00.0) —-0.6(-0.9t0-0.3) -0.4(-0.7t00.1) 0.02
pCDY score® 28.18 027 (-150t02.03)  —053(-255t01.50) -0.79(-256t00.98)  0.39
PAID score® 23.68 —264(-6.17t00.88) 096(-3.00t04.91) -3.14(-7.22t00.95) 0.3
HCCQY score® 27.10 -0.05(2441t02.35) 0.04(252t0261) —0.73(298t0152) 0.53

8WD: Young with Diabetes.

bsj gnificance level of difference at 12 months follow-up.

®HbA ¢ glycated hemoglobin.

dpCD: Perceived Competence in Diabetes Scale.

®Range for PCD and HCCQ is 5-35 and the range for PAID is 0-100.
fPAID: Problem Areasin Diabetes.

9HCCQ: Hedlth Care Climate Questionnaire.

Young with Diabetes-Specific Questions

Fifty-nine (78%) young people and 25 (51%) parents reported
that YWD had helped them at least once. Most young people
(n=65, 85%) and parents (n=41, 84%) reported that they would
recommend YWD to peers.

Young with Diabetes Use

Young people used YWD on amean of 10.5 days (range 1-64),
while parents used YWD on amean of 5 days (range 1-21). A
tota of 53 (70%) young peopleand 19 (39%) parentsused YWD
on at least 5 days, while 7 (9%) young people and 13 (27%)
parents never used YWD after the introductory session. Figure
3 depicts weekly YWD activity.

Intotal, 71 messageswere sent to 14 (36%) health care providers
by 15 (20%) young people. The messages were primarily used
to schedulevisits (n=25), ask treatment questions such as about
insulin dose (n=24); discuss challenges such as eating disorders
and feeling alone (n=9); and provide ongoing support such as
feedback on glucose measurements (n=13).

A tota of 103 chat-room comments were posted by 28 (37%)
young people (Multimedia Appendix 5). The mgjority of chat
time was spent on Alcohol, Sport, and Fuck Diabetes. Fifteen
(20%) young people created reminders, and 46 (61%) activated
tips packages. The carbohydrate-counting quiz wasinitiated 68

http://mhealth.jmir.org/2018/6/e141/

times by 46 (61%) young people. Only 7 (9%) young people
watched animations, while 18 (24%) clicked on video
self-portraits. The most popular main functionswere Chat Room
and My Page (Multimedia Appendix 6), and the most popular
information topics were Sex, What is Diabetes?, Driver's
License, and Alcohol and Party (Multimedia Appendix 7).
Among parents, the most popular main functions were
Information about ... and To Parents (Multimedia Appendix
6). Parents primarily approached How to Support My Teen,
When My Teen turns 18, Alcohol and Party, and Being Young
with Diabetes (Multimedia Appendix 7).

Technical |ssues

Four major platform-specific technical issues occurred and were
resolved: (1) January 2016, Android. Starting
carbohydrate-counting-quiz resulted in log-off (duration=10
days, n=1), (2) March 2016, iOS. YWD could not open on some
iPhone-software versions. Required re-installation (duration=10
days, n=7), (3) September 2016, Android. Unable to upload
photos (duration=40 days, n=1), and (4) January 2017, iOS.
YWD could not open due to update. Needed re-installation
(duration=10 days, n=14). In addition, participants reported
minor technical issues, such as having lost the YWD app due
to new or broken phones (young people=26, parents= 2). A total
of 43 (57%) young people and eight (16%) parents reported
technical issues.
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Figure 3. Number of young people who used Young with Diabetes (Y WD) during the study.
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Discussion

Principal Findings

To the best of our knowledge, this is the largest RCT to date
evaluating the effect of an mHealth app supporting
sdlf-management in young peoplewith TIDM and their parents.
YWD did not improve glycemic control, and the app use
declined rapidly. Interestingly, most of the participants reported
that YWD was helpful and that they would recommend it to
others.

We can only speculate as to why HbA ;. did not improve in the
YWD group. A large difference was observed between the
results from the as-treated analysis and the estimate of the
complier average causal effect (0.9 mmol/mol vs. 3.9 mmol/mol,
respectively). This may indicate the existence of unmeasured
confounding variablesinfluencing HbA ;. and YWD use. Health
care providersplay asignificant rolein supporting young people
to self-manage [24]. However, not al health care providersfeel
confident using mHealth apps [25], and some may feel
uncomfortable engaging with young people through technical
means [26,27]. This could have influenced the effect of YWD.
Unfortunately, we neither registered the young people's health
care provider nor stratified at the level of the health care
provider. Also, YWD training for health care providers was
very brief; further training may optimize health care providers
ability to use YWD as a platform for collaborating with young
people and parents. Furthermore, the use of YWD declined
rapidly during the RCT (Figure 3), which may be one of the
main reasons why the intervention lacked improvement of
self-management. Since the participants did not use YWD for
long, a mediation analysis would have been highly relevant.
However, the study was an RCT designed and powered for
assessing the difference in HbA,. and therefore, we did not

http://mhealth.jmir.org/2018/6/e141/
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pursue a post-hoc analysis. This is important to addressin the
design of future studies.

A qualitative study by Klasnjaet al [28] found that most people
diagnosed with diabetes, face acute need for information about
their disease and that this need becomes more intermittent
afterwards. It would have been highly relevant to test YWD in
agroup of people newly diagnosed with TIDM. Unfortunately,
HbA ;. differsand changesalot during the time around diagnosis
depending on how long (days, weeks, or months) people have
had diabetesbeforeit isdiagnosed and depending on the degree
of the eventual honeymoon phase. Since HbA ;. was our primary
outcome, we had to be sure that we only included patients with
“stable’ diabetesto better identify the effect of theintervention.
Thischallenge could be addressed in future studies by qualitative
evaluation of self-management apps in people just diagnosed
with diabetes.

We were unable to measure participants’ eHealth skills, which
may have influenced YWD use and subsequent HbA . levels
sinceit isrelated to improved outcomes [29-31]. Furthermore,
baseline HbA ;. was higher in the YWD group, which may
indicate poor motivation and lack of self-management skills,
which would affect the ability to use YWD and improve
HbA ,[32]. Finally, it is arguable whether arandomized tria is
the optimal way to evaluate YWD. Diabetes care should be
individualized [33], and mHealth apps, which evolve and are
updated over time, are often incompatible with a rigid RCT
study design. Furthermore, Campbell et al [34] raise doubts
about RCTs as an evaluation method targeting young peoplein
transition from childhood to adulthood due to the complex,
patient-centered, evolving, and multidisciplinary nature of care.
Alternative methods may be preferable, such as qualitative
evaluations and interrupted time series[35].
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Further qualitative evaluation [36] is needed to understand why
most young people reported being helped by using YWD,
despite failing to improve glycemic control and maintain app
use. Also, successful adoption of self-management appsis hard
to achieve without additional strategies for enhancing patient
motivation and engaging health care providers [37]. Finaly,
simply knowing how often and how much young people engage
with YWD by opening the app and clicking around may not be
enough. Understanding and observing “effective engagement”
[38,39] with mHealth apps is much harder to do, and better
ways need to be worked out. This should be taken into account
in future studies.

Notably, the most popular app function among young people
was the Chat room, where they shared experiences. The most
popular topics were Alcohol and Fuck Diabetes. While few
participants posted comments, most read about others
experiences. This is consistent with previous findings [40,41]
and underscores the importance of online peer support to
complement education and provide reassurance that lived
experiences are common [42].

In contrast, more sensitive topics, such as sex, were not
discussed in the chat room but were the most popular topic
searched privately. Wiley et a [42] explored young adults
experiences with TIDM education and found that health care
providers did not address sensitive topics such as sex. Our
findings and those of Wiley et a highlight the unmet needs of
young people and parents, which should be solicited and
addressed regularly in clinic visits. They underscore the
importance of acknowledging young peoples’ need for sharing
experiences with peers and providing them with opportunities
to engage with peer networks. The findings also emphasize
parents’ need for guidance in supporting their child and the
importance of addressing sensitive topics regularly.

Strengths and Limitations

Our study has several strengths. A rigorous design tested YWD
in an RCT over a lengthy study period, and YWD use was
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logged and available for analysis. Our study had both a large
sample size and a high retention rate. The high retention rate
could be a result of the flexibility to collect data at young
peoples choice of place and time of day and should be
considered away to ensure high retention ratesin future studies
with young people.

Limitations should also be considered. It was not possible to
conduct a blinded RCT [43,44]. Not al young people had
participating parents. No clear criteria were defined for how
health care providers should deliver YWD. Also, we cannot
exclude the possibility of a spillover effect because the same
health care professional s provided both the YWD intervention
and usual care. Finally, a concern is whether HbA,. and the
three psychometric questionnaires (PCD, HCCQ, PAID-20)
captured changes in self-management as intended. Our choice
of scales was limited by lack of validated self-management
instruments in Danish and also by the ages of the participants,
spanning below and above 18 years. The outcomeswere chosen
based on the self-management definition [1,7] and because they
have been used in similar populations testing self-management
interventions [45,46], increasing the comparability of our study.

Conclusion

The mHealth app YWD did not improve HbA ., but it may be
a useful tool for complementing self-management in young
people with TIDM. Qualitative evaluation is needed to further
explore and address benefits and shortcomings of the
intervention [36]. Alternative evaluation methods should be
considered when testing self-management mHeal th apps among
young people. Our findings highlight the importance of
supplementing self-management care with peer support. Health
care providers should routinely address sensitive topics and be
aware of parents’ need for guidance as to how to effectively
support their child during the transition from childhood to
adulthood.
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Multimedia Appendix 1

Detailed description of the mHealth application Young with Diabetes.
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Multimedia Appendix 2
Diabetes departments participating in the RCT.
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Multimedia Appendix 3
CONSORT-EHEALTH checklist (v1.6.1).

[PDF File (Adobe PDF File), 102K B - mhealth_v6i6e141_app3.pdf ]

Multimedia Appendix 4
Association between baseline covariates and compliance.
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Multimedia Appendix 5
Use of chat room groups.
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Multimedia Appendix 6
Use of main functions by young people and parents.
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Multimedia Appendix 7
Use of information topics by young people and parents.
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Abstract

Background: Most training programsfor self-management of chronic diseasesin Korea currently involve face-to-faceinteractions
primarily in ahealth care setting. Therefore, older Koreans living in the community continue to seek other training opportunities
for the management of chronic diseases. Thishasled to the development of new training methods, such as maobile health (mHealth)
care, which are valuable in community centers and homes.

Objective: Thisfeasibility study (1) developed an mHealth training protocol to empower community-dwelling elderly individuals
to manage their chronic diseases; (2) examined the feasibility of delivering this mHealth training protocol to elderly individuals
through mobile tablets and applications (apps); and (3) discussed the contextual and methodological challenges associated with
the development of this protocol.

Methods: The mHealth training protocol was devel oped based on the eHealth Enhanced Chronic Care Model and comprised
of four phases. Phase 1 included standardized technology (mobile tabl ets) training using guidebooks, demonstrations, and guided
practice. Phase 2 included provision of standardized information about disease management that was obtai ned from governmental
and professional health care organizations. Phase 3 included provision of training on the use of high-quality mHealth apps that
were selected based on individual diagnoses. Phase 4 included encouraging the patients to practice using self-selected mHealth
apps based on their individual needs. Quantitative descriptive statistics and qualitative content analyses of user evaluations were
used to assess the feasibility and user acceptance of this protocol.

Results: Of the 27 older adults included in this study, 25 completed all 4 weeks of the mHealth training. The attrition rate was
7% (2/27), and the reasons included time conflicts, emotional distress, and/or family discouragement. The men required little or
no training for Phase 1, and in comparison with men, women seemed to depend more on the mHealth trainersin Phase 3. Gender,
level of education, and previous experience of using smartphones were associated with the speed of learning, level of confidence,
and overall competence.

Conclusions: A tailored and personalized approach is required to develop mHealth training protocols for older adults.
Self-management of chronic diseasesviamHealth training requires careful consideration of the complex nature of human behavior,
emotional responses, and familial influences. Therefore, integration of atheoretical, clinical, and technical approach is necessary
for the successful devel opment and implementation of an mHealth training program that targets older adultswith chronic diseases
in acommunity setting.
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Introduction

Chronic diseases such as cancer, heart disease, diabetes, chronic
lower respiratory disease, liver disease, hypertension, and
cerebrovascular disease were some of the leading causes of
death in Koreain 2014 [1]. According to the Ministry of Health
and Welfare report (2014), 90.4% of elderly Koreans exhibited
at least one of the chronic diseaseslisted above, of which 18.2%
were diagnosed with one disease, 22.8% with two, and 49.4%
with three or more chronic diseases[2]. Statistics Korea (2016)
reported that the life expectancy at birth in 2015 was 82.1 years
[3], and thisdiffered from the disability-adjusted life expectancy
(ie, 70.72 years) by approximately 10 years. This can be
attributed to advancesin treatment strategiesfor chronic diseases
or long-lasting disabilities for an extended period in late
adulthood [4].

Self-management of chronic diseases is essential to minimize
their negative influence on the patient’s health status. Therefore,
it is imperative to emphasize the importance of active disease
management and maintenance of proper health behaviors that
promote a better quality of life among older adults [5,6]. To
encourage the younger individuals to engage in healthy
behaviorsat an early stage, it isimportant that the characteristics
of elderly individuals be taken into consideration when
designing training protocols to achieve sustainable
self-management outcomes [5]. Therefore, there is a
considerable need to diversify self-management training
protocol sto overcome methodol ogical limitationsand the effects

of aging [7].

However, promoting self-management of chronic diseases
among elderly Koreans is chalenging. The majority of
self-management programs for chronic diseases currently
availableinvolve face-to-faceinteractionsthrough group-based
teaching sessions, where general information on diseases is
provided by heath care providers [7,8]. However, this
informati on-focused approach has not been effectivein changing
health behaviors[9]. Moreover, most of these programsare only
provided for a short period of time (4-12 weeks), and are
intensively centered on delivering information about the disease
and medication using a one-way communication approach that
is directed from the health care providers to the patients [7].
This standardized approach has limitations in that it does not
provide atailored and personalized training experience, despite
the fact that most elderly individuals exhibit different levels of
progression with regard to their chronic diseases[8,9].

Mobile health (mHealth) training, defined as “medical and
public health practice supported by mobile devices, such as
mobile phones, patient monitoring devices, personal digital
assistants (PDAS), and other wireless devices, [10]” is a
newly-developed method of enhancing self-management of
diseases [10-12]. It enables users to utilize resources through
network services and diverse technological apps in a timely

http://mhealth.jmir.org/2018/6/€147/

manner and eliminates the need for physical travel [10,12,13].
Furthermore, mHealth services have the potential to empower
users to become active to participate in health care practices
through interactive communications with health care providers
[12]. These mHealth interventions help individuals identify
their health care needs, facilitate access to health services, and
provide assistance with solving problems related to their
illnesses [12,13]. Some studies have reported that mHealth
interventions are associ ated with potential increasesin adherence
to treatment and disease management, which lead to better
patient outcomes across the chronic disease trajectory [10,13].

However, there are significant gaps in the literature focusing
on the manner in which mHealth training may assist elderly
individuals in self-management of their chronic diseases
[10,13-19]. Past studies have emphasized the efficacy of
disease-centered training that focuses on asingle disease group
and is delivered through mobile communication, including
telephone calls and short message services, rather than
multi-factorial training sessions that integrate apps and
Web-based interactive programs[10]. Moreover, thereislimited
information on how these mHealth training protocols are
developed, and whether they have taken key challenges faced
by community-dwelling elderly individuals into consideration
[10,23,20]. Moreover, there are no theory-based studies that
have aimed to devel op specific components of mHealth training
tailored to elderly Koreans with diverse chronic diseases.
Therefore, it is necessary to conduct a feasibility study to
evaluate the training protocol prior to conducting any
experimental studies [21]. Consequently, we (1) developed an
mHealth training protocol to empower community-dwelling
elderly individuals to manage their chronic diseases; (2)
examined the feasibility of delivering this mHealth training
protocol to el derly individual sthrough maobile tablets and apps,
and (3) discussed the contextual and methodological challenges
associated with the development of this protocol.

Methods

Study Design

This study consisted of two parts: (1) amethodological section
that describes the devel opment of the mHealth training protocol,
and (2) a descriptive section focusing on evaluation provided
by users (N=27) who participated in the mHealth training.

Developing the mHealth Training Protocol

The eHealth Enhanced Chronic Care Model (eCCM) [22] was
used to guide the devel opment of the mHealth training protocol
described in this study and to evaluate its feasibility. It explains
how adults with chronic diseases become active, educated,
engaged, and empowered while working with their health care
providers, communities, and socia networksin actual and virtual
communities along with health care systems [22]. Because the
management of chronic diseases in Korean adults is currently
centered in health care settings, our mHealth strategies
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encouraged those living in the community to enhance their
integrative knowledge and practice of self-management when
dealing with chronic diseases on a daily basis.

The current mHealth training protocol, which focused on the
self-management and mHealth training components of the
eCCM, included multiple phases: (1) phase 1: standardized
technology training; (2) phase 2: provision of genera
information about chronic diseases; (3) phase 3: mHealth
training using pre-selected mobile apps related to individual
chronic diseases; and (4) phase 4: active use of self-selected
apps based on daily health care needs. Each of these phases has
been described bel ow.

Phase 1 used an iPad mini 2 retina (Apple Inc, California, USA)
display to provide standardized training to all study participants.
This device has several advantages: (1) its size and weight are
suitablefor carrying around; (2) it has high pixel density in high
quality images, whichiskey for elderly individualswith vision
difficulties; and (3) it allows the user to access a diverse range
of apps developed internationally [10,11,20,23].

The strategies employed to protect patient anonymity and
confidentiality were carefully designed and described to the
participants [13,20]. As per the recommendations for ethical
conduct of internet, computer, and technol ogy research proposed
by the Association of Internet Research [24], aunique code was
assigned to each participant for data collection and entry into
the database. An anonymous user identification number and
password was created by a research assistant, and the
participants were provided these to allow them to log into the
mHealth device.

Technology training included provision of mobile device
guidebooks, standardized demonstrations by the mHealth
trainers, guided practice, and 24/7 telephonic trouble-shooting
services. After allowing the participants to practice for one
week, the mHealth trainers evaluated their proficiency in using
the mobile devices independently [20]. In addition, the
participants a so self-reported their level of confidencein using
the mobile tablets [20]. Once the participants were evaluated
as being both proficient and confident in using the device, they
progressed to Phase 2. However, if participantswere not deemed
proficient, confident, or comfortable enough with the device,
they were asked whether they were willing to continue the
training. In case they expressed willingness to continue,
additional training was provided by the mHealth trainers a
maximum of two more times.

In Phase 2, the mHealth trainers provided information retrieved
from the Korean Center for Disease Control [25], Ministry of
Health Welfare [26], Korean Academy of Medical Sciences
[27], and Korean Diabetes Association [28] on healthy diets,
exercise, lifestyle modifications, prevention and management
of complications secondary to primary diseases, and medication.
This information was retrieved on the basis of the following
criteria: (1) theinformation should focus on asingle or multiple
chronic disease(s) in a specific individual; (2) the information
on therisk factors and consequences of chronic diseases should
be evidence-based; (3) the information should be written at a
sixth grade or lower level of literacy [29]; and (4) the
information should be designed such that it can be efficiently
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delivered using diverse types of multimedia, including webpage
script, video streaming, workbooks, and pictures.

In Phase 3, following assessment of the type of chronic disease,
health status, individual needs, and mHealth proficiency of each
participant by the mHealth trainers, specific mobile apps
including blood pressure measuring tools, fingertip glucose
monitoring, tracking log, and interactive games were selected.
Only appsthat could operate both online and offline were chosen
so that users with no internet access could use them freely [10].
Neither the mobile tablet provided nor the apps selected required
the participants to enter their personal information. Moreover,
all participants were instructed that they were required to log
out after using their personal email or other apps on the provided
device.

In Phase 4, the feasibility was examined by asking the
participantsto use the sel ected appsfor at least 30 minutesdaily
for one week [11]. Participants were free to explore additional
apps and download them with the help of the mHealth trainers,
if necessary. Upon completion of the mHealth training,
equipment was sanitized, inspected for safety, and retested as
per the manufacturer’'s recommendations and the research
protocol before being given to the next participant. Web pages
and apps that were not part of the mHealth training program
and were used by the participants were not examined in order
to protect the participant’s privacy [13,20].

Feasibility Test
Study Participants

A convenience sample of 30 elderly Korean individuals was
selected from two community centers. Inclusion criteria were
asfollows: (1) age =60 years; (2) ability to understand Korean;
(3) living at home in a community setting; and (4) living with
at least one chronic disease, including cardiovascular disease,
diabetes médllitus, hypertension, and cerebrovascular disease,
which arethe most prevalent among el derly Koreans[2]. Those
with cognitive impairment, depressive mood, or psychiatric
disorders (assessed using the Korean versions of the
Mini-Mental Status Examination, MM SE-K [30]; the Geriatric
Depression Scale-short form, SGDS-K [31]; and self-reports)
were excluded. Following the exclusion of 3 ineligible
volunteers, 27 participants commenced with our mHealth
training, of whom 25 completed it.

Measures

For screening purposes, the MM SE-K and SGDS-K were used
to assess cognitive impairments and emotional distress, both of
which are barriers to health training. The MM SE is a 30-point
scalethat isinternationally used to assess cognitive function in
older adults [32]. The Korean version has been shown to be
valid, reliable, and culturally equivalent to the English version,
with regard to diagnostic, concurrent, and discriminant validity
[30]. The SGDSisa15-item measurethat isused international ly
to assess geriatric depression with scores on arange from 0O to
15 [33]. The Korean version has also been shown to be valid,
reliable, and culturally equivalent to the English version, in
terms of internal consistency and discriminant validity [31].
MM SE scores lower than 24 and SGDS-15 scores higher than
11 indicate significant cognitive impairment and depressive
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mood, respectively, and these were used asthe exclusion criteria
for this study [20].

At baseline, al participants completed the questionnaires,
including all socio-demographic, clinical, and computer-rel ated
guestions after screening. Socio-demographic characteristics
included age, gender, education, marital status, living status,
and employment, whereasthe clinical information included the
number and types of chronic diseases and comorbidities
exhibited, disease duration, and history of medications.
Computer-related information included questions on whether
the participants had previously used computers, smart devices,
or the internet. A user self-reporting evaluation form and a
proxy-report checklist of essential tasks was developed based
on previous literature [11,34]. After completing Phase 1, the
participants reported their level of confidence in using the
mobile devices, and a research assistant used a standardized
checklist to observe their basic skills in using the devices. At
the end of Phase 4, the participants were asked to answer severa
questions addressing their level s of subjective confidence with,
satisfaction in, and perception of usability of the mHealth
training protocol (Multimedia Appendices 1 and 2).

Data Collection

The two local community centers from which the participants
were selected were similar in terms of socio-demographic and
economic factors and the proportions of older adults. The study
purpose, protocol, and strategies for protection of anonymity
were explained to the nursesworking in the community centers.
Participants were recruited through advertisements posted on
bulletin boards or through word-of-mouth. Community nurses
working at each center assisted with recruiting and screening
study participants (eg, cognitive function and psychiatric
illnesses). The data were collected using standardized
self-reporting  questionnaires, observation notes, and
unstructured 5-minuteinterviews conducted between May 2016
and January 2017. To minimize biasfrom the community nurses,
anonymous questionnaires were collected at separate places.
Data collection typically took less than 30 minutes, and the
participants received a small gift worth US $5 for their time
and effort.

Data Evaluation

Based on the feasibility evaluation criteria [21], this study
focused on (1) evaluating the users' subjective appraisal of the
training and study procedures and (2) identifying strategies to
implement the training protocol. Therefore, both contextual and
methodological considerations were identified to assist the
researchers in understanding the associated barriers to be
considered in future studies. Qualitative analyses of data from
the structured interviews and observations were carried out,
while quantitative data were reported as frequencies (%) and
mean values (SD). Given the exploratory nature of this
feasibility study, the statistical significance of differences
between those who completed the 4-week mHealth training
(n=25) and those who did not (n=2) were not tested. All
statistical analyses were performed using IBM SPSS Version
23.0.
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anonymity and confidentiality, following which written informed
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Results

Description of Study Participants

The demographic, clinical, and technological profiles of the 27
study participants have been shown in Table 1. The mean age
of the study samplewas 73.33 (SD 5.98) years, and the mgjority
of the participants were femae (67%, 18/27), married or
partnered (70%, 19/27), living with family members (70%,
19/27), and unemployed (96%, 26/27). Only 15% (4/27) were
educated to college level or higher. The mean number of
diseases exhibited by the participants was 2.07 (SD 1.21), and
the mean duration of illness was 11.68 (SD 11.32) years. The
majority of the participantswere taking medication (70%, 19/27)
to managetheir chronic diseases, and approximately two thirds
of the participants had previously used computers (59%, 16/27)
and smartphones (67%, 18/27).

Attrition

The attrition rates were used to evaluate the acceptability of
mHealth training. The participants were classified as having
completed thetraining if they had been through al of the phases
as well as the pre- and post-evaluation. All other participants
were classified as dropouts. The attrition rate for the 27
participants who took part in our mHealth training program for
4 weeks was 7% (2/27). Two dropouts (both females, less
educated, widowed, living alone, diagnosed with cardiovascular
diseases and exhibiting significantly depressed mood) occurred
during Phase 1, and their reasons included time conflicts,
emotional distress, or family discouragement.

Assessment of Confidence and Proficiency

Phase 1 consisted of delivering group sessions, and the
participant’s confidence and proficiency in using the mobile
tablets were determined. The confident and proficient status
indicated that the older adults could perform all eight key
operating skillseasily and expressed that they were“ confident”
or “strongly confident” without any assistance. Although
participants had the opportunity to receive device training up
tothreetimes, themajority only required 1 session (88%, 22/25),
and only 12% (3/25) required additional training. Twenty-five
participants became proficient in completing key tasks when
using the selected device and apps (mean 3.68, SD 1.75) after
receiving our training (mean 3.44, SD 2.39).
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Table 1. Characteristics of study participants.

Characteristics Participants (N=27)
Age, mean (SD) 73.33 (5.98)
Korean version of Mini-Mental Status Examination (MM SE-K), mean (SD) 27.70 (1.73)
Korean version of Geriatric Depression Scale-Short Form (SGDS-K), mean (SD) 3.67 (3.55)
Period of living with chronic diseases, mean (SD) 11.68 (11.32)
Number of chronic diseases, mean (SD) 1.56 (0.89)
Number of comorbid conditions, mean (SD) 2.07 (1.21)
Duration of computer use (n=16, unit: month), mean (SD) 6.69 (6.18)
Duration of smartphone use (n=19, unit: month), mean (SD) 44.84 (22.49)
Gender, n (%)

Male 9(393)

Female 18 (67)
Education, n (%)

L ess than middle school 9(33)

Middle to high school 14 (52)

College or more 4(15)

Marital status, n (%)

Married or partnered 19 (70)

Widowed 8(30)
Living status, n (%)

Living with family members 19 (70)

Living aone 8 (30)

Employed, n (%)

Employed 1(4)

Unemployed 26 (96)
Chronic disease present (multiple answer s were allowed), n (%)

Cerebrovascular disease 5(19)

Ischemic heart disease 4(15)

Diabetes mellitus 9(33)

Hypertension 14 (52)

Medication, n (%)

Yes 19 (70)

No 8(30)
Computer use, n (%)

Past or current 16 (59)

Never 11 (42)

Smartphone use, n (%)

Past or current 18 (67)
Never 9(33)
Internet access at home, n (%)
Yes 14 (52)
No 13 (48)
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Table 2. Most frequently used apps in this study.
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Name of app Provider Major purpose Feature participants liked most

Cardiio Cardiio, Inc (Cambridge, USA) Monitoring heart rate in daily life  Suggestions of exercise programs based on
heart rate variability

iCare iCare Fit Studio (Missouri, USA) Measuring heart rate, blood press  Alarms responding to abnormal results or

sure, vision acuity and field, lung

dramatic changes in measured data

capacity, or mood

Hypertension Protector ~ DONGWHA Pharm Co (Seoul, Repub-

lic of Korea)
Diabetes Guide Innova Think, Corp (Seoul, Republic
of Korea)
Diabetes Note Minister of Health and Welfare (Seoul,
Republic of Korea) levels
Noom Coach

Tracking trends in blood pressure
and body weight

Providing stepwise and diversein-
formation on diabetes mellitus

Tracking trends in daily glucose

Noom, Inc (Seoul, Republic of Korea) Facilitating lifestyle modification

Personalized information based on levels
of blood pressure, provided in an easy and
readable manner

Promotion of self-care through diet control,
exercise, foot care, and infection control

Depiction of daily, weekly, and monthly
trends of blood glucose

Diversetypes of lifestyle modification sug-
gestions addressing sleep, stress manage-
ment, prevention of depression, diet, or ex-
ercise

The mean reported confidence level for these participants,
measured using a 5-point Likert-type scale where the higher
scores indicated more confidence, was 3.76 (SD 1.17). The
number of confident participants increased from 44% to 52%
after Phase 1 training.

Men and those with higher education were more likely to learn
how to use the devices and apps quickly and easily compared
to women and those with lower education. Those who had used
computers or mobile devices prior to this study required less
training compared to the no-experience group. Previous users
of Android mobile devices (72%, 18/25) required more time
and information to become accustomed to Appl€e's operating
system.

Users Satisfaction With the mHealth Device

User satisfaction was self-reported using a 5-point Likert type
scale (1=strongly disagree, 5=strongly agree) for variousitems.
Device training was considered helpful before participants
initiated the mHealth training (mean 4.36, SD 1.04), and it was
also found to be appropriate for health promotion (mean 4.44,
SD 1.00). The device was easy to carry (mean 3.76, SD 1.27)
and use (mean 3.80 SD 1.19), and the participants would
recommend the device training to others (mean 4.04, SD 1.06).
In addition, using the mHealth device was deemed to be less
likely to interfere with their daily lives, including any concerns
associated with privacy (mean 1.12, SD 0.84).

Participants’ PreferenceWith Regard to Selecting and
Using Specific M obile Apps

The participants requested atailored and personalized approach
toward selecting appropriate apps that took their individual
health care needsinto consideration from Phases 2-4. Therefore,
the ratio of the number of mHealth trainers to participants
became essential during Phases 3 and 4. During phases 3 and
4, one mHealth trainer assisted 2-3 participants in providing
instant feedback.

Most participants preferred using interactive apps instead of
those with one-way information delivery systems. For example,
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participants frequently used an app measuring blood pressure
from the fingertip, and responded to its evaluation and
instructions for lifestyle modification. In addition, they also
visited websites of authorized organizations to acquire disease
information; however, they very rarely revisited these pages.
The favored apps among participants were those related to
exercise, including tracking records, video streaming, or
personalized recommendations. Table 2 summarizes the apps
most frequently used by our participants. In addition, the
participants also received weekly follow-up calls or text
messages as reminders and reported that this contact was useful
and allowed them to ask questions concerning technical
problems and explore more diverse types of apps on an
‘as-needed’ basis.

Discussion

Principal Resultsand Comparison with Previous
Evidence

Our proto