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Abstract

Background: In Sweden, day surgery is performed in almost 2 million patients per year. Patient satisfaction is closely related
to potential adverse events during the recovery process. A way to empower patients and give them the opportunity to affect care
delivery isto let them evaluate their recovery process. The most common evaluation method is a follow-up telephone call by a
nurse one or two days after surgery. In recent years, mHealth apps have been used to evaluate the nurse-patient relationship for
self-management in chronic diseases or to evaluate pain after surgery. To the best of our knowledge, no previous research has
explored the recovery process after day surgery via mobile phone in a Swedish cohort.

Objective: The objective of the study is to describe the process of developing a mobile phone app using a Swedish Web-based
Quality of Recovery (SwQoR) questionnaire to eval uate postoperative recovery after day surgery.

Methods: The development processincluded five steps: (1) setting up an interdisciplinary task force, (2) evaluating the potential
needs of app users, (3) developing the Swedish Web version of a QoR questionnaire, (4) constructing a mobile phone app, and
(5) evaluating the interface and design by staff working in aday-surgery department and patients undergoing day surgery. A task
force including specialistsin information and communication technology, eHealth, and nursing care worked closely together to
develop a Web-based app. Modifications to the QoR questionnaire were inspired by instruments used in the field of recovery for
both children and adults. The Web-based app, Recovery Assessment by Phone Points (RAPP) consists of two parts: (1) amobile
app installed on the patient’s private mobile phone, and (2) an administrator interface for the researchers.

Results: The final version of the SwQoR questionnaire, which includes 31 items, was successfully installed in RAPP. The
interface and the design were evaluated by asking for user opinions about the design and useful ness of the app with 10 day surgery
patients. Some minor adjustments were made concerning text size and screen color.

Conclusions:  Taking advantage of joint expertise, a useable Web-based app adaptable to different technical platforms was
constructed. In addition, the SwQoR was successfully transferred into digital format for use on mobile phones.

(JMIR mHealth uHealth 2015;3(3):e86) doi:10.2196/mhealth.4649
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Introduction

Day Surgery

In Sweden, amost 2 million day surgeries are performed in
adults each year [1,2]. The literature has different definitions
of day surgery, varying from the patient going through surgery
and staying in a patient hotel overnight, to same-day admission
and discharge [34]. There are few patient-related
contraindicationsto day surgery, but social and medical factors
are both assessed in order to select suitable patients [3]. The
advantagesfor patients undergoing day surgery include alower
risk of hospital infections, earlier mobilization, and the
convenience of recovering at home. For health care providers,
day surgery is cost-effective and spares beds for other surgical
cases[3]. From the perspective of safe and effective day surgery,
anesthesia must minimize the postoperative discomfort of
patients. Working with the goal of rapid recovery, theinduction
agents must have rapid and smooth onset [3], the airway needs
to be carefully managed [5], and the risk for postoperative
nausea and vomiting (PONV) and postoperative pain needs to
be addressed before and after surgery [3,6]. A study reported
that 82% of patients are discharged <270 minutes after surgery.
Delayed discharge was mainly due to adverse events, such as
PONV and pain [6]. According to alarge survey involving more
than 12,000 patients, the most common complaints after surgery
with general anesthesia are PONV, sore throat, and hoarseness
[7]. Other reported adverse events are dental damage, headache,
urine retention, and confusion [8]. Women also seem to be more
likely to experience adverse events than men [8]. Though
objective symptoms have traditionally been monitored as an
integrated part of care and treatment [1], patients’ subjective
descriptions (patient-reported outcomes measures) have come
to be considered a fundamental element of measure and
follow-up [9,10]. During thefirst two weeks of recovery, many
patients experience symptoms requiring unplanned health care
contacts, phone calls, or outpatient clinic visits[4] and, in North
America alone, these unexpected visits and readmissions to
hospitals cost billions of dollars annually [11].

Follow-Up Assessment Studies

Studies show that patient satisfaction isdirectly related to their
experience with adverse eventsrelated to anesthesiaand surgery
[7,12]. However, according to a previous survey conducted in
Sweden, not al units performing day surgery have implemented
routinesfor follow-up assessment [4]. Also, several studieshave
reported that the most common method of follow-up isaphone
call from a nurse 1-2 days after surgery [1,4]. This procedure
can be seen as time consuming for personnel and not cost
effective. A face-to-face meeting with a nurse anesthetist or an
anesthesiologist would be desirable for follow-up, but as this
is difficult to achieve, an alternative is to use technological
solutions [11]. As a subcategory of eHealth, the new concept
of mHealth refers to using mobile phones in health care [13].
Patient use of the Internet via mobile phones, such as
self-management by means of text messaging persons with
diabetes or asthma [14,15], providing prevention information
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for breast cancer [16], and soliciting experienceswith pain after
surgery [17], has been reported in different chronic diseases to
improve the nurse-patient relationship. However, limited
knowledge is available about how information and
communication technology is perceived in the peri-operative
context [11]. To the best of our knowledge, a Swedish cohort
of day-surgery patients has not yet been explored. The present
study describes the process of developing a maobile phone app
using a Swedish Web-based Quality of Recovery (SwQOoR)
guestionnaire for evaluating postoperative recovery after day
surgery.

Methods

Development Process

The development process included the following steps: (1)
setting up aninterdisciplinary team, (2) eval uating the potential
needs of app users, (3) developing the Swedish Web version of
a QoR questionnaire, (4) constructing a mobile app, and (5)
evaluation of theinterface and design of the app by staff working
a a day-surgery department and patients undergoing day
surgery.

The Interdisciplinary Research Team

Interdisciplinary research involves the translation of scientific
knowledge between members of the research team [18]. In this
specific project, it was important to include researchers with
broad expertise and perspectives that would enrich the research
team. This includes the project leader who is a professor and
head of the“ Perioperative nursing” research environment, with
broad experienceinintraand postoperative care, both asanurse
anesthetist and asaresearcher; an associate professor in pediatric
nursing, with research focus on measuring health conditionsin
children and adolescents; a professor in informatics, who is
experienced in implementing information systems in
organizations and evaluating their effects on processes and
users, with a special focus on public sector organizations in
Sweden and internationally; and a professor in information
systems development, and informatics, with specialization in
information security and privacy. The team also includes an
associate professor and anesthetist, with a broad experiencein
anesthesia and postoperative care, both as a clinician and a
researcher, and who has knowledge on postoperative cognitive
dysfunction; aprofessor and psychol ogist, with broad experience
and knowledge in cognitive impairment and cognitive aspects;
and a senior lecturer with a PhD in nursing and knowledge in
nursing informatics. Finally, the team includes a health
economist (PhD), a postdoctoral researcher (in nursing) whois
also anurse anesthetist, and adoctoral student (in nursing), with
experience in day surgery and postoperative care.

Prior to the first meeting, all members in the group read the
same articles describing mHealth [19]. To facilitate cooperation
in the team, the researchers started by discussing a joint
framework with clear goals. The next step was to define the
focus of the app (Table 1).
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Table 1. Focus of the app from the perspectives of the health care organization and the patient.

Health care organization

Patient

To get reports back from the patients

To support the management of theindividual patient in follow-up contacts
by a health professional

To reduce serious recovery problems associated with suffering and costs

To learn more about postoperative reactions and recovery and to improve
surgical and anesthetic procedures in the long-term

Being easy to understand for nurses and medical doctorsin the health care
system

Reduce unplanned or unnecessary health care contacts

Provide personalized feedback to the health care about the recovery process
A feeling of being cared for

A sense of empowerment

Being easy to understand for patients in the health care system

Reduce unplanned or unnecessary health care contacts

Evaluating the Potential Needs of App Users

In order to determine the potential needs of users of the app,
theresearchersreviewed the literature and brainstormed during
aworkshop. The members shared their own personal experiences
in postoperative recovery as both patients and researchers in
the field of anesthesia and postoperative care. In order to make
the app user friendly, the research team established that it would
be important to use the patients’ own mobile phone[17], rather
than a specified maobile phone for the research project [11]. A
review of the literature showed that mobile phone technology
needsto be user friendly, easy to navigate, and not show alarge
amount of text on the screen [20]. Also, the use of a push
function can encourageindividualsto leave aresponse at agiven
time [17]. Finally, it was hypothesized that users being able to
comparetheir recovery to asample of other patientswould give
them a sense of empowerment.

Swedish Web Version of a Quality of Recovery
Questionnaire

Myles et a [12] developed the instrument QoR-40, which has
been adapted to a Swedish day surgery context for adults asthe
QoR-24 [21]. A meta-analysis including 18 studies (3459

http://mhealthjmir.org/2015/3/e86/

patients) concluded that the QoR-40 has excellent validity,
reliability, responsiveness, and clinical utility for abroad range
of patient populations[2]. The Swedish version of QoR-24[21],
together with inspiration from the newly developed
guestionnaire Postoperative Recovery in Children (PRIC;
personal communication with Ulrica Nilsson, April 27, 2015),
the Postoperative Recovery Profile [22], the Post-discharge
Surgical Recovery scale [23], and Nilsson and Idvall’s study
[24], contributed to the final version of the SWQoR, which
includes 31 items (Table 2). The items applied from QoR-40
[11] and QoR-24 [21] were originally scored on a5-point scale
(for positive items, 1=none of the time to 5=all of the time; for
negative items the scoring was reversed). In line with Stark et
al [25], the scaling properties and options of obtaining verbal
numerical responses would be easy to understand for the
patients. We changed the format of the pain rating scale used
in clinics to a horizontal visual analog scale from O (*“none of
the time”) to 10 (“al of the time’). At the end of the
guestionnaire, the patients are asked if they want to be contacted
by a nurse (response aternative YES or NO). If the answer is
YES, anurse at the day-surgery department contactsthe patient
and offers further information and assistance.

JMIR mHealth uHealth 2015 | vol. 3| iss. 3 |e86 | p.5
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Table 2. Therevision and rationale for items in the SwQoR.
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QoR-24 Revision/rationale SwQoR

Able to breathe easy Ableto breathe easy
Sleeping well Sleeping well

Being able to enjoy food Being able to enjoy food
Feeling rested Feeling rested

Having a general feeling of well-being
Feeling in control

Pain in the surgical wound

Feeling relaxed

Speaking normally

Ableto brush teeth

Ableto look after own appetence tic revision
Abletowrite Linguistic revision
Ableto return to work Linguistic revision
Nausea

Vomiting

Feeling restless
Shivering or twitching

Feeling too cold

Dizziness

Nightmares

Anxiety

Depressed

Feeling lonely

Difficulties getting to sleep
[24]
[24]
[24]
[24]
[22]
[22]*

[22,23]%nd divided into two

Difficulties defecating items

Merged into oneitem and linguis-

Merged into oneitem

Having a general feeling of well-being
Feeling in control

Pain in the surgical wound

Feeling relaxed

Speaking normally

Ableto look after personal hygiene

Ableto write as usual
Ableto return to work or usual duties about the home
Nausea and vomiting
Nausea or vomiting
Feeling restless

Shivering or twitching
Feeling too cold

Dizziness

Nightmares

Anxiety

Depressed

Feeling lonely

Difficulties getting to sleep
Headache

Muscle pain

Back pain

Sore throat

Difficulties concentrating

Trouble urinating

Feeling constipated

Diarrhea

3From PRIiC, personal communication with Ulrica Nilsson, 20150427

Constructing a M obile App

Our goals were that the app should be easy to use, be safe and
secure, and allow aggregation of data to a study database. A
wishing list of app functions, interface, and design were
established and presented to the commissioned software
company, which developed the Web-based app Recovery
Assessed by Phone Points (RAPP) in close collaboration with
the interdisciplinary team.

The technical solution consisted of two parts, amobile app for
patients and a Web-based administrator interface for the

http://mhealthjmir.org/2015/3/e86/

researchers. A patient interacts with the mobile app to report
hisor her postoperative recovery. In the devel opment and testing
phases, the app was designed in HTML5 (the most recent
version of the markup language used for structuring and
presenting content for the World Wide Web) and JavaScript to
largely mimic a native mobile app. The Web-based technical
solution was a mobile app platform that made it easier to
implement the solution regardless of the end user’s technical
equipment. Thus, it is possible to use RAPP regardless of the
type of mobile phone being used.
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In the devel opment phase, none of the dataimputed by patients
were collected. Study-specific log-in codeswere set up and used
in connection with theinstallation of RAPP on the participants
mobile phone.

Evaluating I nterface and Design

A difference between answering a questionnaire on the small
screen on a mobile phone and answering on a paper isthat one
item at atime is shown on the screen versus multiple items on
apaper page[26]. The app’sinterface and design were evaluated
asking for user opinions about the design and usefulness of the
app. There were ten day-surgery patients that were recruited
from two day-surgery departments in Sweden. Patients who
were included brought their own mobile phone to the
day-surgery department at one of two specific days when the
testing took place. No one who was asked about participating
in the testing declined. The app was installed on the patient’s
own mobile phone by the researcher. Instructions about the
SwQoR and how to navigate the app were given. The questions
asked to the patients were: (1) “What is your opinion about the
layout?’, (2) “Can you describe any obstacles when using the
app?’, (3) “What is your overall opinion about the app?’, and
(4) “Do you think that this would be a useful method to use
after ambulatory surgery?’

A member of the research team wrote down all responses as
field notes. Staff working at one of the day-surgery departments
also had the opportunity to provide feedback on the device's
interface. The included staff members were nurses (n=10),
surgeons (n=5), and anesthesiol ogists (n=2), all with experience
fromworking in aday-care setting. Thistesting was carried out
in connection with a lecture about postoperative recovery, in
which also the app (RAPP) was demonstrated. The staff was
invited to give their opinion about the layout of the interface.
There was one researcher that took field notes.

Ethical Considerations

As the study did not collect or handle any sensitive personal
data, ethical approval was not required according to the Swedish
Act concerning the Ethical Review of Research Involving
Humans (SFS 2003: 460) [27]. Neverthel ess, the study followed
standard research ethical principles, and the project did not
collect or handle any sensitive personal data. The participants
were given written or verbal information (depending on the
clinical guidelines when contacting the patient before surgery)
about the study, including the purpose and procedures and that
participation was voluntary by the staff working at the day-care
department. The participants were also asked to bring their
mobile phones to the day-surgery department at the day of
surgery. When arriving to the day-surgery department, members
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of the research team gave oral information about the testing.
The patients were guaranteed that no personal data would be
collected. After asking for user opinions about the design and
usefulness of the app, the Web-based app was uninstalled from
the patient’'s mobile phone. No data from the SwQoR were
collected for further analysis.

Results

Therewerefour patientsthat reported that the background color
was an issue and three patients had comments about the text
size. Regarding obstaclesto use, five patients thought the scale
to be confusing. There were two that found it impractical that
they could not move back and forth between questions. When
discussing the overall opinion of the app, three patients
suggested that it would be easier if the dot on the visual analog
scale (Figure 1 shows this) could be moved also by touching
the line to choose score, instead of drawing the dot with the
index finger. Overall, all ten patients expressed a positive
attitude toward the method of evaluating postoperative recovery

using an app.

The staff working in the day-care settings gave similar feedback.
They commented about the text size, the background color, and
several of the staff found the scale confusing. Overall, all staff
were positive to RAPP. They found the questionsin the SwQoR
relevant, and they also confirmed the need for systematic
follow-up in the recovery process.

Patient and staff feedback led to several changesintheapp. The
text background was changed to adarker color (Figure 1). The
size of the text was also increased and the scale was clarified.
Atfirst, thevisual analog scalewasrated 0 “al of thetime” and
10 “none of the time” for positive items and the opposite for
negative items, which confused both patients and steff.
Therefore, the scale was changed to 0 “none of the time” and
10 “dl of thetime’ for all items whether the item was negative
or positive. Regarding the dot along the visual analog scale, the
opportunity to choose score by touching the line was added
(Figure 2 shows this). The dot on the visual analog scale line
was also programmed to go back to neutral, 5, each time anew
guestion was shown on the screen to make it clearer that a new
guestion was to be answered.

During the testing, it became clear that not all of the text was
visible on the screen of some older mobile phone models with
small screens. Thus, the app was reprogrammed so that it would
also fit smaller screens. Overall, the app was considered easy
to use, to understand, and to navigate by both patients and
personnel.
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Figure 1. An example of the Recovery Assessed by Phone Points (RAPP) after the patients’ feedback, the background has a darker background and
the text has been increased. (During the last 24 hours | have: Slept well, None of the time-All the time).

Fraga #2/30

Under det senaste dygnet har jag:

Sovit gott

Ditt svar: 7
(. | ]

Instammer helt Instammer inte
alls

Svara

Figure 2. The patient can move the dot simply by touching the line. (During the last 24 hours Have you had any of the following: pain, None of the
time-All the time) © Ulla-Carin Ekblom.
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Discussion

Principal Findings

Thisproject isuniquein itsintention to devel op amobile phone
app that will be used with the patients” own mobile phonesin
the peri-operative context. To our knowledge, there are no
published papers with focus on the development process of an
app for evaluating postoperative recovery. However, in others
areas, there are some newly published articles [28,29].
Therefore, this paper demonstrates the process of establishing
an interdisciplinary research team, which together developed a
useable app in regard to interface, design, and utility, for which
testing was done with both patients and personnel. To the best
of our knowledge, no systematic assessments of patients
postoperative recovery, paper-based, Web-based, or mobile
phone-based, are yet available. The majority of previously
published national and international studies have developed
mobile appsfor use on devices provided by theresearch projects.
For example, to study the use of a mobile app to monitor
postoperative recovery, Semple et al [11] gavethe patientseither
amobile phone or atablet with the app installed on the device
prior to discharge. This uniqueness of the present study is a
strength with regard to implementation, asit would be difficult
to convince the heath care system to adopt the costs for
providing all patients with devices for self-reporting.

A new patient safety law (The Swedish Code of Statutes, SFS
2014:821) was implemented in January 2015. This law gives
patients even more power to affect their care. Notably, patient
participation isacore element in patient-centered care[30], and
it iscrucial to involve patients and evaluate the care provided,
inthis case anesthesiaand postoperative care. A benefit of using
the RAPP could be increased patient satisfaction, as well as
improving peri- and postoperative care in specific groups.

The provision of health care can be evaluated using different
methods, each with advantages and disadvantages. A paper
guestionnaire is easy to use, has low implementation cost, and
needs little support to the patients, but disadvantages include
costly delivery of the questionnaire and potential negative
attitude of respondentstoward answering alot of questions[26].
The advantages of technical tools, such as mobile phones and
tablets, include a reduction in missing data by requiring
completion of theitem and only allowing oneitem at atimeon
the screen so as to improve the response rate. Furthermore, a
mobile phone is easy to carry around and frequently used by
most people in everyday life [31]. The downside of atechnical
solution is that some individuals do not have private mobile
phones, though this group is decreasing more and more.
Moreover, the attitude and ability of theindividual, for example,
lack of interest or limited knowledge of mobile phone use, could
be an obstacle [16].

A number of studies have compared electronic evaluation of
patient-reported outcomes (ePRO) and paper and pencil
administration and shown an advantage for ePRO [32,33].
However, there seems to be a lack of knowledge concerning
the use of amobile phone app instead of pen and paper to collect
patient-reported outcomesin a peri-operative context. For further
development of RAPP and of the SWQOR, there is an ongoing
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study with the aim of exploring the difference between the two
methods ability to assess patient-reported outcomes as
suggested by Coons et a [32]. This study will show if thereis
equivalence between the two questionnaire delivery modes
(paper vsapp). Inthe mentioned pilot study, patients undergoing
day-care surgery evaluated the acceptability and feasibility of
the app. In the near future, amulticenter randomized controlled
study (n=1000) with a primary outcome of cost effectiveness
and secondary outcomes of postoperative recovery, QoL , overal
health, and health literacy will be performed by our research
team. Future studiesinclude also qualitative research evaluating
the patients experience of the intervention and the staffs
experience of the implementation.

According to literature, mobile features used in other studies
are, for example, text messages, pedometers for physical
activity, or video, voice, or multimedia messages [14]. The
RAPPisdesigned to solve some problems, not all. The problems
we set out to solve are well defined, and hence, so can the
solution be. Some functionality, such as personalized feedback,
is extremely difficult to design (as there are many possible
situations and multiplefactorsinvolved) and do more harm than
good if not accurate enough. Therefore, this project aims at
making improvements to some problems to which there are
credible and robust solutions. Solving themisabig step forward.
In the future, further functionality may be added. Patient
requirements for other functionalities as well as opportunities
to actually implement such will be further analyzed in our
upcoming studies. Our research team is planning on devel oping
RAPPin an ongoing process, and, thereby including the patients
by continuing to evaluate the patients” need for support in the
postoperative process.

Our projects overall aims are to integrate society’s need for
quality auditing and assurance in health care with the patients’
need for safe and reliable information and communication
regarding their postoperative recovery. We believe that the
project will increase patients self-care. Using systematic
follow-up remote symptom monitoring during postoperative
recovery enables eval uations and comparisons of the usefulness
and cost-effectiveness of different technical approachesto care,
drug treatment, care activities, and competence devel opment.
It is also hoped that the use of systematic follow-up will help
guide improvements in areas of anesthesia and postoperative
care among patients who currently have low-quality
postoperative recovery.

Limitations

Having members from different disciplines work together is a
way of avoiding fragmented research [18]; this is one of the
strengths of this research team. The development and
implementation of a Web-based app can overcome some
barriers, which were discussed by the members of the team. A
barrier includes the type of device, as some people may prefer
their tablet or computer to amobile phone. Another barrier may
be the small screen size, which could be difficult to read or
handle. A slow Internet connection or slow app loading time
could be a problem for users at home, the app will need to be
usabl e on both mobile phones and tablets, and both the app and
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the datait transfers should be small in size to minimize network
load and memory usage.

The respondents are also asked to give responses about their
recovery after anesthesia and surgery. The patients may be
affected by the residuals of anesthesia and miss responding
within a specific time frame [17]. In order to improve the
response rate in the pilot study, areminder in the form of atext
message will be sent to the respondent each day.

Another factor that could affect the use of health care
information technol ogy is staff attitudestoward technology and
perhaps the fear of dehumanizing care [34]. To counteract this
risk, the members of the research team included both a nurse

Jaensson et al

anesthetist, a nurse with experience in the post anesthesia care
unit, and an anesthesiologist. All team members were involved
in the app development process together with the software
company. This approach may improve attitudes toward and the
usability for nurses and physiciansin the peri-operative context
[34].

Conclusions

With joint expertise, auseable Web-based app, RAPP, adaptable
to different technical platforms was developed and tested for
understandability and user-friendliness. The SWQoOR has aso

successfully been transferred into digital format for use on
mobile phones.
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Abstract

Background: Entering data onto paper-based forms, then digitizing them, is atraditional data-management method that might
result in poor data quality, especially when the secondary data are incomplete, illegible, or missing. Transcription errors from
source documents to case report forms (CRFs) are common, and subsequently the errors pass from the CRFs to the electronic
database.

Objective: Thisstudy aimed to demonstrate the usefulness and to eval uate the effectiveness of mobile phone cameraapplications
in capturing health-related data, aiming for data quality and completeness as compared to current routine practices exercised by
government officials.

Methods: In this study, the concept of “data entry via phone image capture” (DEPIC) was introduced and devel oped to capture
data directly from source documents. This case study was based on immunization history data recorded in a mother and child
health (MCH) logbook. The MCH loghooks (kept by parents) were updated whenever parents brought their children to health
carefacilitiesfor immunization. Traditionally, health providers are supposed to key in duplicate information of the immunization
history of each child; both on the MCH logbook, which is returned to the parents, and on the individual immunization history
card, which is kept at the health care unit to be subsequently entered into the el ectronic health care information system (HCIS).
In this study, DEPIC utilized the photographic functionality of mobile phones to capture images of all immunization-history
records on logbook pages and to transcribe these records directly into the database using a data-entry screen corresponding to
logbook data records. DEPIC data were then compared with HCIS data-points for quality, completeness, and consistency.

Results: As a proof-of-concept, DEPIC captured immunization history records of 363 ethnic children living in remote areas
from their MCH logbooks. Comparison of the 2 databases, DEPIC versus HCIS, revealed differences in the percentage of
completeness and consistency of immunization history records. Comparing the records of each logbook in the DEPIC and HCIS
databases, 17.3% (63/363) of children had compl eteimmunization history recordsin the DEPIC database, but no complete records
were reported in the HCI S database. Regarding the individual’s actual vaccination dates, comparison of records taken from MCH
logbook and those in the HCIS found that 24.2% (88/363) of the children’s records were absolutely inconsistent. In addition,
statistics derived from the DEPIC records showed a higher immunization coverage and much more compliance to immunization
schedule by age group when compared to records derived from the HCI S database.
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Conclusions: DEPIC, or the concept of collecting data viaimage capture directly from their primary sources, has proven to be
auseful datacollection method in terms of completeness and consistency. In this study, DEPIC wasimplemented in data collection
of asingle survey. The DEPIC concept, however, can be easily applied in other types of survey research, for example, collecting
data on changes or trends based on image evidence over time. With its image evidence and audit trail features, DEPIC has the
potential for being used even in clinical studiessinceit could generate improved dataintegrity and morereliable statistics for use

in both health care and research settings.

(JMIR mHealth uHealth 2015;3(3):€75) doi:10.2196/mhealth.4183
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Introduction

Paper-based case report forms (CRFs) have long been used as
the standard method to collect datain research studies and health
careservices[1]. Both primary and secondary data are collected
in many public health surveys using paper-based CRFs. Once
dataare collected, they should be accurately entered, coded into
an electronic form, and subsequently converted into many forms
for further analysis[2]. However, this approach presents many
problems due to frequent errors and high storage costs when
performing data collection and double dataentry [3]. Moreover,
there are many problems that can arise after data
collection—especially when collecting secondary
data—including lost forms, incompletely filled forms, and poor
handwriting of data collectors. There are multiple potential
sources of error that can occur when performing manual data
collection, particularly if data collection involves multiple data
collectors across multiple health care units, or even if data
collection is done within 1 unit [4-5]. Mobile phones offer an
attractive possibility to address these problemsin terms of their
accessibility, effectiveness, and quality of data that includes
data completeness and validation.

It is suggested in literature that several mobile phones features
have created opportunities for data collection, and that these
features could also improve data quality [3,6-9]. Maobile phone
cameras have been used as an alternative method for health care
data collection in recent years, although mobile phone cameras
are still mostly used in capturing clinically relevant images for
rapid diagnosis[10]. For example, the use of mobile phones by
medical doctors to view medica image data such as
neurosurgery and dermatology for rapid and convenient
diagnosis has been reported [9,11,12]. Other examples include
the use of mobile phone imaging in microscopic diagnosis of
soil-transmitted helminthic infections and diagnosis of sputum
dlidesfor TB. [10,13-15]. Although mobile phone cameras are
useful in health care data collection, usage should be carefully
planned due to ahigher equipment cost, lack of ability to verify
miscoded data against paper records once data is entered, and
thevarying quality of imagestaken with different mobile phones
[10,16].

In Thailand, mobile phones have been used as data collection
toolsin the health care system. A project supported by Google
Thailand devel oped and employed mobile applicationsfor health
data collection in the Northern provinces. The data collected
via mobile phones were compared to paper CRFs flowing

http://mheal th.jmir.org/2015/3/e75/

directly to the hospital electronic database and the health care
providers, and policy makers could see all details of individual
health data of the entire district [17]. Another study conducted
in northern Thailand showed that the customized-language voice
surveys for textual data, together with capturing image dataon
mobile phones, could be successfully used to collect dataamong
ethnic populationswho speak different languages[8]. Moreover,
1 project in Thailand supported by Microsoft Research showed
the effectiveness of using mobile technology in routine health
care services that focused on reminding an individua of
scheduled visits for antenatal care and Expanded Programme
on Immunization (EPI) services[18]. Similarly, another project
in Thailand focused on malaria case management by
implementing amodul e on mobile phonesto monitor and follow
malaria cases, including patient treatment [19]. Various studies
revealed that mobile technology is the fastest growing sector
in the communications industry, especialy in low-income
countries[20]. Thusfar in the context of poor resource settings
for large-scale public health surveys, the availability and
affordability of mobile phones and wireless networks create a
possible alternative mechanism for data collection that might
replace traditional paper-based methods.

The routine work on immunization services at aprimary health
care unit consists of 4 steps as presented in Figure 1. As an
enforced routine practice of the Thailand Ministry of Public
Health, a MCH logbook is given and owned by 1
mother/caretaker and every health care unit that provides the
service asks for the MCH logbook and records the child’s
immunization history into the logbook every time the
mother/caretaker brings achild for immunization. Asshownin
Figure 1 as step 1, on a vaccination day, the mother/caretaker
presents the logbook to the health care provider at the primary
health care unit. In step 2, the health care provider gives the
immunization(s) as per schedule then separately records the
vaccineg(s) administered, actual date of immunization, and the
datefor the next appoi ntment on 2 documents, the M CH logbook
and the individual immunization history card. In step 3, the
MCH logbook is returned to the mother/caretaker while the
individual immunization history card is kept at the primary
health care unit. In step 4, the record on the immunization
history card is entered into the national health careinformation
system (HCIS) by health care providers, which is when data
problemsusually occur. Thereisatime gap between when data
are entered on the immunization history card to when data are
entered into the HCIS; data entry cannot be done in real time
dueto the workload of health care providers on the vaccination
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day. And since it has been generally recognized that datain the
HCIS are incomplete or missing, any reports/statistics about
immunization generated from the HCIS database will be
unreliable.

It would be a great challenge to change the 4-step routine
practice by having health care providers enter the datainto the
HCIS at the same time they provide the services and discard
the use of MCH logbooks and individual immunization history
cards. In Thailand, the problems of the health sector at district
level arelimited human resources and inadequate infrastructure.
Itisdifficult to carry out data entry while providing servicesto
a large number of patients. The MCH logbooks usually have
an almost-complete immunization history of each child, and
the mother/caretaker who owns it often use it as an
immunization schedule reminder. The mother/caretaker is
required to bring the MCH logbook to every scheduled

Figure 1. Routine immunization service at health care unit.
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immunization, and health care providers usually rely on the
information in the logbook more than that in the HCIS.
Collecting secondary data for further analysis using source
documents or logbooks can be another challenge due to
difficulties in reading, extracting, and transcribing such
information, especialy if the data are collected by those who
are not familiar with all information content and context.

This study aimed to demonstrate the use and evaluate the
effectiveness of the camera function on maobile phones combined
with online connectivity asatool for health data collection. The
effectiveness of dataimage capture feature was assessed through
data quality in terms of completeness and consistency of the
records by comparing the captured images with the data on the
national HCI'S database. In addition, the impact of data quality
was confirmed through comparisons of some statistics generated
from the 2 data sources.

Healthcare Unit
Healthcare Information System
(HCIS)

Child’s Name

Vaccine antigen Remark

BCG

A
,
.,'
return MCH to
3 : mother/caretaker
S
N @ @ aa.
ninazian
o/ A
% y
Maternal and Child Health Logbook (MCH)
Methods

Study Sites and Study Participants

This cross-sectional study was conducted in 8 villages in the
Wawee Subdistrict of the Mae Suai District, which is in the
Chiang Rai Province of northern Thailand, during May through
August 2013. The mgjority of people in these areas are from
ethnic groups, including Karen, Lahu, Lisu, Hmong, Mien,
Yunnan Chinese, and Akha; some of which have no writing
system. Village health volunteers (VHVS) in these villages were
recruited as data collectors. They were trained to collect data
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Immunization Card
(It was confidentially kept at healthcare unit.)

from MCH logbooks using a mobile phone camera application
equipped and were assigned to make home visits. Images of
immuni zation history recordswere then captured from the MCH
logbook of each hill tribe child. Datato be used for an analysis
are those recorded on MCH logbooks from the child’s first
immunization until the end of April 2013. Sincetherewere 790
children under 6 years of agein these 8 villages, the 363 mothers
possessing the children’simmunization logbooks were randomly
selected using simple random sampling technique. Figure 2
shows some of the study sites where these minority groups are
located in the highlands.
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Figure 2. Study sites were located on the highlands of northern Thailand.
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Implementation of DEPIC

DEPIC standsfor “dataentry viaphoneimage capture.” DEPIC
was devel oped as part of the smartphone survey project initiated
by the Center of Excellence for Biomedical and Public Health
Informatics (BIOPHICS) at the Faculty of Tropical Medicine,
Mahidol University, Thailand. The smartphone survey
application ran on Android SDK, and was built using Eclipse
open-source software. DEPI C was an enhancement of the survey
tool performing 1 of the 3 main features of the smartphone
survey application. The details of the other 2 features of the
smartphone survey, including drop-down menu choice and
voiced-questioning in selectable ethnic languages, are discussed
elsewhere [8]. This smartphone survey tool application was
successfully developed and tested in the previous study in
northern Thailand among different ethnic minority groups. The
previous study was conducted to assess data quality in terms of
data completeness and time consumed in collecting the
information in comparison with traditional data collection
methods (eg, paper-based questionnaire). Besides data quality,
the participants satisfaction with the smartphone
customized-language voice-based questionnaire in terms of
perceived ease of use and perceived usefulness was assessed
[8]. The particular purpose of the DEPIC application was to
reduce the workload and form-filling mistakes by data collectors
in the field. The data image capture functionality on mobile
phone was employed to make it faster and easier to collect
secondary data, with no need to extract data from the source
document, enter the data onto CRFs, and reenter the data again
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into the electronic database. DEPIC can be used either online
and automatically synchronized with acentral database or offline
and synchronized with acentral database when telephone signals
or wireless networks are available.

In this study, DEPIC was used to collect immunization history
records (eg, preschedul ed date and actual vaccination date) from
mother and child health (MCH) logbooks. A conceptual
framework of the DEPIC feature is shown in Figure 3. The
image-taking was designed to decrease the workloads of VHV's
whileinterviewing hill tribe mothers/caretakers so that the hedlth
workersdid not need to manually extract datafrom thelogbook
and transcribe the data onto paper CRFs. Whileworking in the
field, VHVswho performed routine monthly homevisitssmply
asked for the MCH logbook from the mothers, captured the data
image of the immunization history pages via the DEPIC
application, and saved the image automatically in the mobile
phone. Each picture was then synchronized to the centra
database, where an electronic Web-based form was created
according to the transmitted picture. If the picturewas not clear,
the VHV srepeated the picture-capturing process until asuitable
image was captured. DEPIC mapped pictureimageswith adata
entry screen for each child’slogbook. Datawere then manually
entered by the data management team and submitted to the study
investigator. At this phase of DEPIC development, there are no
features of automatic character (ie, text) recognition and no
double data entry from the image; these are in the planning
phase. The purpose of this study is to capture presumably
complete datafrom logbooks to compare against the datain the
health care unit's HCI S database.
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Figure 3. DEPIC conceptua framework.
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Data Linkage for Comparison

To demonstrate the use of mobiletechnologiesin data capturing,
theimmunization history datafrom 2 databases were compared.
Data collected via DEPIC were compared with data points in
the standard HCIS database. Data in the DEPIC database
represent compl ete immunization history datathat were actually
recorded in a MCH logbook during the immunization process
by the health care providers on the scheduled immunization
dates. The data extracted from HCIS database represent data
entered ad hoc by hedth care providers from duplicate
information of the logbook data on individual immunization
history cards after theimmunization process. Data between the
2 databases, DEPIC and HCIS, were linked by each child's
hospital number to extract both the appointment date and the
actual vaccination date of each child. The matching of the data
was done using Excel and then transported to a statistical
package for further analysis. The data fields in the MCH
logbooks are always more complete than those in the HCIS;
there were no data fields that were found in the HCIS but not
in the logbooks.

Data Definitionsand Analysis

For the purposes of this study, completeness was defined as al
records being entered into the database, with no missing or
incomplete data. Consistency was defined as the absence of
typographical and transcription errors which may lead to
differences in the immunization history data between the 2
databases. The comparisons of completeness and consistency
of the datain the 2 databases were performed on immunization
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history records in 2 aspects. percentage of completeness of the
number of immunization history records and consistency of the
actual vaccination date(s) reported in each record. The
completeness of the number of records for each MCH logbook
was determined by the number of immunization records that
were not entered into the HCI S but were captured and presented
in DEPIC. The consistency of theindividual actual vaccination
date was determined by the number of records in each MCH
logbook that such dates were matched between the 2 databases,
DEPIC and HCIS.

In order to assess the impact of completeness and consistency
of the datain the 2 databases, derived statistics on immunization
coverage and compliance to immunization schedul e status were
calculated and compared. Immunization coverage status was
displayed in individua summary statistic, as well as the
immunization schedule compliance status of the district. The
status of immuni zation coverage was categorized into 2 groups:
“completeimmunization” and “incompleteimmunization.” The
complete immunization status was applied if a child had fully
received the correct number of doses of all vaccines following
theimmunization schedule by child’s age, whiletheincomplete
immunization status was applied if a child had missed at least
1 dose of al vaccines. Regarding the compliance to the
immunization schedule, the term “compliance” in this study
referred to when the child completely received the correct
number of doses of each vaccine according to time (ie, the
child’'s age) and sequence of vaccines, as stated in the Thailand
immunization schedule guideline [21,22]. The compliance to
immunization schedule status was classified into 3 levels: “on
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time,” “out of schedule,” and “pending schedule.” The on time
status applied when the child had fully received a number of
doses of al vaccines according to the time sequence in the
guideline. The out of schedule status applied when a child had
fully received a number of doses of all vaccines, but at least 1
vaccine did not follow the time sequence according to the
guideline. The pending schedul e status meant that the child was
not required to be immunized with the particular vaccines at
the analysistime.

Ethical Consider ations

This study was a part of the project “Assessment of
Immunization Status of Hill Tribe Children Using Multilingual
Audio Visual Mobile Technology.” The project was reviewed
and approved by the Ethics Committee of the Faculty of Tropical
Medicine, Mahidol University. This study involved vulnerable
research participants belonging to ethnic groups in the Chiang
Rai Province of Thailand. All participants were informed about
all details regarding the study and asked to sign an informed
consent form before participating. The document wastrandated
by VHVs into the participants’ dialect or language.

There was no identification of first or family name of the
respondents on the CRFs. The individual information was kept
completely confidential during datacollection and analysis. The
respondents were able to stop participating at any time and did
not need to give areason for the withdrawal of their consent.

Data Security and Storage

All captured pictures of immunization history recordswere kept
confidentially on maobile phones designated to each VHV, who
was responsible for his’her own catchment villages. In this
study, all of these pictures were synchronized and transferred
for analysisat the central database at BIOPHICSwith asecured
system to ensure limited accessibility and scheduled backups.
Data entry and analysis was done by the investigators on a
designated computer that was|ocked using a secured password.

Results

Use of DEPIC for Data Capturein the Field

The DEPIC tool was developed for use in the field with minor
effort, as camera functionality is normally available on most
cell phones, mobile phones, and tablets. Android platformsalso
enabl e the devel opment of customized cameraapplications. The
application was found to be easy to use and required few hours
of training for the VHV's, who comprised were ethnic people
living in the remote areas and acted as the data collectorsin the
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project. The VHV s reported that they felt capable of using the
application in collecting the secondary data of the MCH
logbook. The VHV's agreed that they could take pictures and
submit them to the data center with minimum effort. Of 726
page-pictures from 363 records, only 64 pages of data images
(8.82%) had to be re-submitted. Based on the observations at
the study sites, the health care personnel who worked with the
HCI'S database suggested that an application like DEPIC could
increase data quality within the national database system, as
well asthe efficiency of survey datacollection. With the current
version of DEPIC, the submitted images were automatically
transferred to the central data center whenever the telephone
signal was available; however, they were not automatically read.
The data entry people had to key in the data from the image
into a pop-up data screen that matched theimagesreceived. The
clear images facilitated the data entry process. The data entry
people were satisfied with the task assigned to them. The
information in the MCH logbook was comprised mostly of
check-boxes and data fields with immunization information
filled in using preprinted stickers prepared by the health care
unit. In the case that the immunization was not performed at
the participant’s primary health care unit, such information was
handwritten.

Differencesof Immunization History Recor dsBetween
HCISand DEPIC

During the study period, 363 hill-tribe mothers/caretakersfrom
8 villageswererandomly selected for participation inthe project;
they were requested to submit the MCH logbooksto VHVsfor
capturing the immunization history records using DEPIC.
DEPIC and HCI'S records were matched for al 363 mothers
and children’s identifications. Considering the images taken
from MCH |logbooks via DEPIC as compl ete, completeness and
consistency of immunization history records were assessed by
comparing the 2 databases, DEPIC and HCI S, as presented in
Table 1. In terms of completeness of immunization history
records, 17.3% children (63/363) had totaly different
immunization history records when looking into DEPIC and
HCIS; complete immunization history records were found in
DEPIC, but nonein HCIS. Regarding the consistency of actual
vaccination dates, the information taken from MCH logbooks
was compared to data in HCIS and it was found that 31.1%
(113/363) of therecords' datesin HCIS matched datesin DEPIC
51%-70% of the time, 28.4% (103/363) of records matched
50% or less, and for 24.2% (88/363) no dates matched. It should
be noted that no records matched 100%.
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Table 1. Difference of immunization history records between DEPIC and HCIS.

Variables Number Percentage (%)
(N=363)
Completeness of immunization history records (DEPIC vsHCIS)?
< 50% difference 238 65.6
51%-80% difference 49 135
819%-99% difference 13 3.6
100% difference 63 17.3
Consistency of actual vaccination dates (DEPIC vsHCI S)b
100% unmatched 88 242
< 50% matched 103 284
51%-70% matched 113 311
> 70% matched 59 16.3

#The percentage of completeness was determined as number of records that were not entered in HCI'S but presented in DEPIC for each MCH logbook.
OThe percentage of individual actual vaccination date consistency was determined as number of records that were matched between DEPIC and HCIS

for each MCH logbook.

Differencesof Immunization Coverage Status Between
DEPIC and HCIS

One of the purposes of collecting theimmunization records was
to assess immunization coverage among the targeted
populations. In this study, the focus was on immunization
coverage within the first year of age. Individual records from
both DEPIC and HCIS were caculated in 2 dimensions:
immunization coverage status (both overall and by each vaccine
antigen) and compliance to immunization schedule status.
Differences of calculated immunization outcomes from the 2
databases are presented in Table 2. The number of individuals
who had complete immunization according to DEPIC records
was higher than that derived from HCIS records (ie, 79.1%
(287/363) vs 0.3% (1/363)). For immunization coverage status
by each vaccine antigen, records stored in DEPIC reveal ed that
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all children in the study received the BCG vaccine, and the
immunization rates of the other vaccines were more than 90%.
In contrast, the records in HCIS indicated that immunization
rates of different vaccinesvaried from 1% to 74%. That is, status
of complete immunization in each vaccine antigen was shown
to be much higher with DEPIC than HCIS.

Status of compliance to immunization schedule by age group
revealed different outcomes, as shown in Figure 4. When the
calculation was based on the records in DEPIC, more children
were immunized according to the scheduled time sequence.
According to the DEPIC records, 74.9% (272/363) of children
received vaccines on time during their first year of age (ie, 12
months), while HCIS records showed the result of 0% (ie, no
children received the vaccines on time). The same patternswere
found for subsequent age groups.
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Table 2. Dataanaysisof immunization outcomes between DEPIC and HCIS.

Immunization Coverage Status DEPIC HCIS
Number Number
(N=363) Percentage® (%) (N=363) Percentage? (%)
Overall status
Compl ete immunization 287 79.1 1 0.3
Incomplete immunization 76 20.9 362 99.7
Status by vaccine antigen
BCG 363 100.0 73 20.1
DTP1 362 99.7 201 55.4
HB1 362 99.7 212 584
OPV1 362 99.7 268 73.8
DTP2 359 98.9 254 70.0
HB2 359 98.9 253 69.7
OPV2 359 98.9 249 68.6
DTP3 354 97.5 231 63.6
HB3 354 97.5 5 14
OPV3 354 97.5 226 62.3
M/MMR1 338 93.1 23 6.3

#The percentage was calculated from number of children with an immunization schedule.

Figure 4. Status of compliance to immunization schedule by data source.
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Discussion

Principal Results

Differencesin the completeness of immunization history records
and consistency of individual actual vaccination dates for each
record in the MCH logbooks between 2 databases, DEPIC and
HCIS, reflect the problematic situation of data entry of

http://mhealth.jmir.org/2015/3/e75/

XSL-FO

RenderX

immunization records into the national database system in
Thailand. Thisstudy findsthat should the datarecorded in MCH
logbooks be simultaneously entered directly into the electronic
database—rather than being recorded on the individual
immunization history cards before being entered into the
electronic database—there will be more complete and accurate
datain the national HCIS database. The simple explanation for
incomplete and missing information in the HCIS database is
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that data entry into HCIS is usually delayed due to
case-management workloads on prescheduled immunization
days. Moreover, theindividua immunization history cardsused
as source documents for HCI'S data entry are often incomplete.
It doubles the work for health care providers to collect data
during the vaccination day on both data sources. the MCH
logbook, which is kept by the mother/caretaker, and the
individual immunization history card, which iskept by the health
care unit for ad hoc entry into HCIS. Health care providers also
might be more likely to miss recording the data on the card but
complete the MCH logbook since the logbook record is fully
enforced by the Thailand Ministry of Public Health and isused
by the mother/caretaker as a reminder for the next scheduled
immunization. It is thus assured that the child’'s complete
immunization history will be recorded and can be found in the
MCH logbook.

The incompleteness of immunization information in the HCIS
database as compared to data captured via DEPIC is aso
reflected in the statistics on vaccine coverage and compliance
to the immunization schedule for children. Using statistics
calculated from information in the HCIS aone, it appears that
Thailand has lower immunization coverage and compliance
according to the national guideline. But when compared with
statistics calculated from the DEPIC records, it appears to be
quite the opposite with study participants showing high
immunization coverage and compliance rates. Therefore,
comparing dataquality onimmunization history among children
in remote areas as an example, we suggest that DEPIC could
be used to collect data quite effectively.

The DEPIC was implemented in the field with minimum
requirements. Data images were captured and automatically
submitted to the data center when there was telephone signal.
In this study in a remote area, data images were collected and
submitted by local VHV's who had limited education levels.
They expressed that it was not a burden to collect DEPIC data
while performing their routine homevisits. They collected data
for health care providers easily, and not much effort was
required. At thelocal health centersin the study locations, health
care personnel indicated that DEPIC would help them cut down
the workload if it was redesigned as a mobile technology tool
for use by the health care personnel at the local center for data
capture. This is an issue that needs further planning and
collaboration in order to lessen the workloads of health care
providers by using DEPIC for data image capture onto HCIS,
rather than the current system of entering data twice, first into
an MCH logbook and then onto an individual immunization
history card for HCIS.

The development of DEPIC was based on the idea of creating
a data collection tool for capturing secondary data in survey
research. DEPIC has shown its potential use in collecting
secondary data as a direct image when it is difficult for data
collectors to collect the secondary data on paper-based CRF.
Thisis due to the difficulties in reading, recalling, and writing
such information. Thismethod is quite effective asit can capture
data directly from source documents (eg, MCH logbook) and,
thus, there is no need to perform data extraction and/or source
dataverification (ie, cross-checking between source documents
and CRFs). Asaso demonstrated in other studies using mobile
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technology in remote areas[23,24], it simplifies the process of
survey data collection in remote areas where study participants
speak other languages. Asfound in many previous studies that
used paper-based methods in collecting secondary data, such
methods appear to have more transcription errors and missing
data[25-32]. Transcription errors could occur at 2 stages—from
source document to paper-based CRF, and then from CRF to
database. The DEPIC application acts as a direct electronic
CRF, thus halving the sources of error in the data-capture
process. The implementation of DEPIC in this study suggests
that it helped reduce the time consumed for data collection.
Other studies have also reported decreased time spent in data
collection using mobile technology [16,30,33].

In this study, data captured via DEPIC and entered into the
HCI'S database for further analysis has shown to improve the
accuracy and completeness of data. One of the advantages of
using DEPIC is that it provides evidence-based data via
photographic images from the original source document. As
showninthis study, DEPIC can capture all relevant information
regarding the immunization history of children. Data stored in
the DEPIC database were more complete, with supporting
electronic evidence as an audit trail, and so could provide more
reliable statistical analyses when needed. It should be noted,
however, that errors or incomplete data could occur even with
DEPIC due to unclear pictures—even if VHVs usualy use
mobile phones every day—and this might require retaking of
the dataimage. It isimportant that the data collectors who use
the devicereceive appropriate training for proficiency in camera
use when a new data collection tool/application is introduced
or if new survey content is planned.

Limitations of Current Version of DEPIC

The results of this study confirmed the potential implications
of using cameraapplications on mobile devicesin variousways
to provide health care services, asis shown in previous studies
[1,9-15,34]. In this study, DEPIC was developed and used for
asimpledescriptive survey, particularly to collect immunization
history data from MCH logbooks or immunization cards. We
recognize that in the comparison of data quality in thisexample
of immunization history recording we assumed that the MCH
logbooks are the complete and correct data source and, relying
on these alone, we suggest that data quality captured by DEPIC
isbetter than datain the national data source. It should be noted
that we did not claim that the DEPIC provides more accurate
data, but rather focused on completeness and consistency of
data between the 2 data sources. There are several potential
sources of inaccuracies; for examples, in either data sources,
vaccines may be misrecorded, may be replaced with
missing/incorrect data, or may be written as given when
immunization did not actually happen. Theresultsin this study
simply demonstrate that (1) DEPIC could be used as a data
collection tool to capture complete datawith dataimagesrather
than the traditional paper-based data collection-and-entry
method that resultsincomplete data; and (2) that DEPIC requires
less effort and time to collect secondary data by cutting down
the typical steps from extracting data from source documents
to paper-based CRFs and then from CRFs to electronic
databases.
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In this study, the DEPIC was implemented as an example for  Conclusions
use in data collection of a single survey. The DEPIC concept,
however, can be easily applied as adata collection tool in other
types of survey research; for example, collecting dataon changes
or trends based on image evidence over time. With its image
evidence and audit trail features, DEPIC has potential

DEPIC, or the concept of collecting image data as a primary
source, has proven be a useful data collection method. It was
found to be superior to paper-based methods in regard to the
consistency and compl eteness of data. As acase study of using
N RN ; _ DEPIC to capture immunization history data among minority
applications for use even in clinical studies. With the purpose populations in remote areas, this study shows that the concept
to prove the concept of using DEPIC for secondary data, the o e anplied in alimited-resource environment. With traceable
current application does not yet allow for double data entry to evidence-based images and better data quality, the DEPIC
cross-check data validity. To comply with best data-entry  ooneent 5o hasapotential to generate improved dataintegrity

_practic& in clinical studies, the next versi_on of DEPIC should 4 morereliable statisticsfor usein public health and research
incorporate a double-entry function from image capture. settings.
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Abstract

Background: Community health workers are reemerging as an essential component of health systemsin low-income countries.
However, there are concerns that unless they are adequately supported, their motivation and performance will be suboptimal.
mHealth presents an opportunity to improve support for community health workers; however, most interventions to date have
been designed through a top-down approach, rarely involve the end user, and have not focused on motivation.

Objective: To use formative research to explore the views of community health workers in Uganda and M ozambique on the
potential role of mHealth in their work delivering integrated community case management of children.

Methods: We conducted 24 in-depth interviews and 5 focus group discussions with community health workers in Uganda and
Mozambique. Data were collected on: current phone use, preferred phone and charger characteristics, and perceptions of arange
of potential mHealth interventions. Interviews were conducted in the local language, were audio recorded and converted into
expanded notes. Interviewswere coded for key thematic areas using both deductive and inductive codes. Deductive codesincluded
mHealth’s potential impact on motivation and performance.

Results: Themost salient roles of mHealth inimproving performance and mativation were reducing the need for travel, improving
efficiency and planning, receiving feedback and information, and improving communi cation with supervisors and other community
health workers. This was mostly through improved voice and short message service (SMS) text communication. Specific
components of mHealth interventions that participants felt could improve motivation included increasing their visibility and
credibility through branding of phones; providing an SMS response to data submission; and sending SMS messages about the
importance of their work and achievements, rather than just reminders or technical messages. Participants identified feasibility
issuesrelated to the language of SM S messages, network coverage, and the need for a balance between phone function and battery
life. Phones with adual SIM cards would ameliorate network problems but would reduce battery life. The provision of a solar
charger was viewed as beneficial.

Conclusions; Conducting formative research with end users is likely to improve mHealth interventions by: (1) identifying
interventions that are likely to have the greatest impact and be the most acceptable, (2) developing salient SM'S messages, and
(3) identifying feasibility issues. mHealth interventions also could have an important impact on health worker motivation, which
should be considered by intervention developers and in evaluations, especially as small modifications could have a significant
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impact. Our study suggests that using phones to improve direct communication should be considered, even when planners aim

to focus on the provision of a specific application.

(JMIR mHealth uHealth 2015;3(3):€76) doi:10.2196/mhealth.4208

KEYWORDS

mobile phones; mHealth; community health workers; motivation; performance

Introduction

After years of relative neglect, community health workers
(CHWS) are reemerging as an essential component of health
systems in low-income countries [1-3]. They are centra to
programs such as the integrated community case management
(iCCM) of childhood illness. iCCM aims to reduce child
mortality by increasing the coverage of community treatment
of diarrhea, pneumonia, and malaria, and the detection of
malnutrition [4]. There are concerns, however, that unless CHWs
are adequately supported, their retention, motivation, and
performance will be suboptimal [5,6]. This could lead to a
breakdown in programs, which indeed occurred in many
countries in the 1980s and 1990s [ 7-9].

The advent of mHealth, which is the use of mobile technology
to support medical and public health, and its potential to reach
“new horizons for health” [10] presents an opportunity to
improve support for CHWSs. To date, mHealth for CHWs has
primarily focused on software applications for data recording
and submission, job aidsto improve diagnosis and consultations,
and sending and receiving short message service (SMYS) text
messages and reminders[11]. Stakeholdersworking with CHWs
have highlighted the motivational potential of mobile
technologies through communication with other CHW's (peer
support) and with supervisors and the heal th system (functional
support) [12], but few rigorous evaluations of mHealth have
been conducted with CHWSs. The limited evidence suggeststhat
mHealth could be beneficial for performance and program
efficiency [11,13]. No mHealth studies targeting CHW
motivation have been published.

Previously, most CHW mHealth interventions were designed
through atop-down approach, with the end user rarely involved
[13]. However, research with end users is important for
improving the effectiveness of intervention design, and the need
to explore users perspectives when designing mHealth
interventions is recognized [14]. In this paper we present
formative research findings from Uganda and M ozambique on
CHWS' views on the potential role of mHealth in their work
delivering iCCM. The data were collected as part of the
formative research for theinSCALE project, which aimsto test
innovative approaches to improving the motivation,
performance, and retention of CHWSs to improve the quality
and coverage of iCCM [15].

Methods

Data Collection

We conducted a total of 24 in-depth interviews and 5 focus
group discussionswith iCCM-trained CHWs on: current phone
use, preferred phone and charger characteristics, and perceptions

http://mheal th.jmir.org/2015/3/e76/

on arange of potential mHealth interventions. The potential
interventionsincluded using mobile phonesto: increase contact
with other CHWSs, improve supervision, receive information
through SMS text messages, submit data, provide treatment
guidelines, and receive personalized performance-based
feedback. Information on how theseinterventionswere selected
for inclusion in the interview content is available elsewhere
[15].

Datawere collected in January and February 2011 inthe Kiboga
and Hoima districts of Uganda and in March 2012 in the
Massinga District and in Inhambane City in Mozambique.
CHWs are called agentes polivalentes elementares (APES) in
Mozambique and village health team members (VHTS) in
Uganda. In both sites, CHWSs diagnose and treat childhood
diarrhea, pneumonia, and malaria, but major contextual
differencesexist between the sites. In Mozambique, each district
has 25 APEs who are each responsible for approximately 2000
people. In Uganda, VHTs are more numerous with 2-3
iCCM-trained volunteers per village, covering between 250-500
people each. In Mozambique, each supervisor oversees only
2-3 APEs. But in Uganda, 1 supervisor oversees 25-90 VHTSs.
In both settings, CHWsare actively selected by the communities
based on their age, gender, and ability to read and write. From
a financial perspective, APEs receive US $40 per month for
their work, whereas VHTSs are voluntary workers. The APEs
are trained for 4 months while VHTS receive training for 6-11
days.

In-depth interviews and focus group discussions were conducted
in the local language by trained interviewers using pretested
semistructured guides. Sessions lasted between 45 minutes and
2 hours, and were audio recorded, with interviewers also taking
field notes. Interviewers wrote out the findings of the in-depth
interviews and focus group discussionsin full in English using
the expanded notes method [16]; this included recording their
observations and reflections. They used the audio recordings
to check completeness of their expanded notes and to add
verbatim quotes. Field supervisors ensured the quality of the
data through reflective meetings with interviewers and a daily
review of the expanded notes.

Recruitment

CHWSswithin the study districtswere purposively selected from
alist of iCCM trained CHWs to reflect variability in mobile
network coverage and distance to supervising facility. They
were approached by the interviewers and interviewed in a
location of their own choosing; there were no refusals. Table 1
shows the sample size and the characteristics of participantsin
each setting. Sample size was determined a priori based on
predictions as to when saturation in themes was likely to be
reached (ie, when interviews and focus group discussions stop
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increase the sample size if saturation was not obtained.

Table 1. Sample size and characteristics of the CHWs who were selected for in-depth interviews at each site.

Characteristics

Mozambique (N=12) Uganda (N=12)

Agey

25-35 8 5

36-55 4 7
Gender

Male 9 7

Female 3 5
Hasajob in addition to beinga CHW

Yes 7 12

No 5 0
Residence

Urban 0 3

Rural 12 9
Network availability

All or most of thetime 9 9

None or only some of the time 3 3
Distance to supervising facility

<10 km 8 8

>10 km 4 4

Performance

Data Analysis

Data analysis started with multiple readings of the expanded
notes to ensure familiarity with the data. Expanded notes were
then coded for key thematic areas using both deductive and
inductive methods. Inductive codes related to the potential
impact of mHealth interventions on the motivation and
performance of CHWSs, and on the feasibility of using mobile
phones. Within each inductive code, deductive coding was then
conducted. Themeswere then compiled into matricesto enable
comparisons across participants and to identify deviant cases
more easily. Datawere analyzed asateam with regular reflective
discussions, which included reviewing and discussing the coding
frame and the emerging themes.

Ethical Considerations

Written informed consent was obtained from all participants
and thetrial protocol was approved by ethical review boards at
Makerere University and the Uganda National Council of
Science and Technology in Uganda, the Comité Nacional de
Bioética para a Sailde in Mozambique, and London School of
Hygiene & Tropical Medicine Ethics Committee in the United
Kingdom.

Results

Data revealed 3 inductive themes related to the impact of
mHealth interventions: performance, motivation, and the
feasibility of mobile phone use.

http://mheal th.jmir.org/2015/3/e76/

The mainthemerelating to CHW performance was the potential
for mHealth interventions to ease infrastructure problems and
enhance feedback. Currently, CHWs submit numerical data,
such asnumber of children treated, using a paper-based system.
This requires traveling to the supervising facility; CHWs
therefore face time, cost, and transport issues. Data submission
by mobile phone was perceived as having the potential to
enhance performance by improving efficiency:

[11f..we can send the statistical data via mobile
phone...we would not be worried more about the
transportation, travel time to go and return fromthe
health center and the timelost in the health center in
the process of data submission.... [APE, 29-year-old
male]

CHWs also felt that a mobile phone would enable improved
planning and improved referral of very sick children.

At the time of the study, CHWSs received little or no feedback
on their performance, which they found discouraging and felt
that it hindered self-improvement: “1 wonder if I'm doing well
or not [in] my work...because if someone let me know that | am
not doing agood work | can correct my mistakes and improve
my performance” [APE, 28-year-old female]. Data submission
by mobile phone was seen as a potential avenue for improved
feedback, as their supervisor could use the submitted data to
judge their performance and could then give feedback through
a text, voice call, or face-to-face visit. CHWSs stressed that
feedback needs to be supportive: “Feedback should not be in

JMIR mHealth uHealth 2015 | vol. 3| iss. 3 |e76 | p.27
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

form of blame but rather simple and calm advice and not given
inarudeway” [VHT, 36-year-old male].

CHWs felt that receiving regular SMS text messages that
provided knowledge, reminders, or advice would be beneficial
for their performance. CHWs raised concerns that the content
of the messages may not be relevant at the time they were
received, and that message length restrictions would limit their
usefulness: “The kind of information | would like to receiveis
anything that contributes to VHT knowledge...if they address
the challenges we put across, then it would be more useful”
[VHT, 52-year-old femal€].

CHWs felt that having treatment guidelines on their phone
would benefit performance by improving their decision-making:
“..when | face a difficulty in treating a patient...I can
immediately check on my phone for making a better decision”
[APE, 38-year-old male]. The potential availability of treatment
guidelineswasreceived | ess enthusiastically by CHWsthan the
interventionsthat focused on improving communication or data
submission. Treatment guidelines were sometimes discussed
interms of reducing CHWS' need to call their supervisor rather
than asanew innovation: “...it would enable meto immediately
check on my phone instead of calling my supervisor to ask for
advice...” [APE, 28-year-old mal€e]. There were some concerns
that using guidelineswould be time consuming and boring, and
that unless CHWs were well trained the guidelines could be
misinterpreted.

M otivation

The main themethat emerged regarding mHealth and motivation
was the ahility of the phone to enhance community standing
and visibility, and to improve general communication and
supervision. CHWs described the potential for mobile phones
to generate greater levels of community standing by increasing
community trust and credibility: “A phone always has an impact
on the community, it changes someone's status and peopl e start
trusting that person” [VHT, 35-year-old male]. The degree to
which aphone could increase status was linked to its perceived
value:

Those modern phones are beautiful and all the people
know that they are expensive. It would increase our
status in the community as the people will perceive
that we are recognized by the government as people
who are doing a useful work.... [APE, 33-year-old
male]

VHTsand APEs unanimously agreed that branding phoneswith
program logos could increase visibility, status, and phone use:
“Having a VHT marked phone brings you respect from the
peoplein your community” [VHT, 36-year-old male]. Branding
would also protect the phone against theft and | oss.

APEs and VHTs already used their personal phones to contact
each other and their supervisors, but this contact was limited
by the cost of airtime. Informantsfelt that the provision of CHW
phones and airtime would enable them to interact and support
each other more frequently, and in so doing reduce stress,
increase the bond felt between CHWSs, allow drugs to be
borrowed if a CHW ran out, and help solve problems. Many
respondentsfelt that interactionswith their peerswas beneficial:

http://mheal th.jmir.org/2015/3/e76/
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“...we are able to work together as a team and solve some
problems that cannot be solved by an individua..” [VHT,
35-year-old male], and expressed a collective identity and a
common aim: “ Theseinteractionswith other APEs areimportant
because they avail learning from each other and makes us feel
apart of 1 big family working toward the same goal...” [APE,
32-year-old female]. The potential for phones to motivate
through increased contacts with other CHWSs was considered
greater in Mozambique, where APES are more scattered. In
Uganda, VHTSs felt they could contact other VHTSs in their
community in person if needed.

Although most respondents wanted contact with their peers,
some felt that contact with the facility was more important,
especialy as current contact with supervisors was often
infrequent and irregular: “1 like the contacts that | have with
my supervisor asit allows meto improve my skills. But | need
more contacts...in order to gain more experience and improve
permanently my performance’ [APE, 28-year-old mal€]. Being
“onair” was perceived asallowing accessto supervisorsat short
notice for problem-sharing, gaining information, facilitating
community mobilization, and to inform supervisors about
referrals of sick children: “Asl live far from the health facility,
being provided with a phone and to call for free would be a
benefit as it would enable me to frequently be in contact with
my supervisor and indeed receive support when needed” [APE,
42-year-old femal€]. Possible problemswith voicecallsor SMS
included that supervisors may not be available when the CHWs
called, may not call back, or may not act on reported problems,
all of which were felt to be demotivating.

Other concerns were that some supervision needed to be done
face-to-face, since supervisors may not get an accurate picture
of what was happening over the phone and may not be able to
give adequate guidance: “ It ismore important for the supervisor
to be there physicaly and explain specific tasks or
challenges...this cannot easily be explained on the phone”’ [VHT,
focus group participant]. Linked to the need for face-to-face
visitswasafear that phone supervision would lead to areduction
in supervisor visits, which would reduce thevisibility and status
of the CHWs:

I like to be visited by the health workers because it
not only allows me to exchange experiences and
improve my performance, but also because the
community recognizes that I’'m a son of the ministry
of health; so I’'m wondering whether the phone call
from the health center could reduce such visits....
[APE, 28-year-old male]

Acknowledgement and feeling valued by the system was a
strong motivator, and al CHWSs interviewed wanted any
electronic data submission to be followed by an
acknowledgement: “ For me, being thanked after datasubmission
will be motivating because I'll know that who received it
recognize that I've performed an important task” [APE,
33-year-old male]. Participantsfelt that any intervention to send
regular SM S text messages should not focus only on technical
i ssues but should al so stresstheimportance of the CHWS' work
and their achievements by, for example, telling them the number
of children they have treated: “Receiving messages stressing
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the importance of my work in the community will mean
appreciation, recognition, and indeed an encouragement to keep
working” [APE, 38-year-old mal€].

Feasibility of Using M obile Phones

In both settings, CHWs felt that the impact of mHealth
interventions would be undermined by patchy network coverage
and system overload, but felt that this could be overcome by
using phones with dua SIM cards. CHWs aso expressed
concern over the maintenance of the equipment and theft or
damage: “What about if | lost the supplied phone or if it was
stolen from me? Are you going to arrest me or ask for
replacement/payment? I’'m wondering because | can’t afford
it...” [APE, 33-year-old mal€].

Despite a lack of electricity, most CHWs kept their personal
phones charged: “My mobile phone is always on and with me
because it belongsto me.... | know that someone can call me at
any time” [APE, 28-year-old femal€]. Phone charging sometimes
required travel and monetary costs. “In my villagetherearefew
places where one can charge the phone and it is costly.... |
normally take my phoneto [d] trading center..., which is about
3 km from my home’ [VHT, 35-year-old femal€]. In response
to issues of charging the phones, CHWs wanted phones that
maximized battery life, even if this meant using asimple rather
than a multifunctional phone. Participants felt that a solar
charger would enhance their effectiveness and allow them to
use more sophisticated phones with a shorter battery life: “It
will save me the burden of incurring transport and charging
costs’ [VHT, focus group participant].

Although most CHWs had been exposed to mobile phones, they
had concerns about complex phone functions or apps, but they
felt they could cope if they were given training and support:
“My main concern will be our ability to use these phones
because it will be the first time for most/all of us to use them
for this kind of work. However, with the constant training, |
think we shall be able to slowly learn how to use them” [VHT,
40-year-old male]. Feasibility issues also related to language,
such as sending SMStextsin the local languages, was difficult
because not all CHWs spoke fluent Portuguese or English: “ The
challengeis...we do not understand English at the samelevel...”
[VHT, 30-year-old femal€].

Themes around feasibility were also framed within the
perspectives of other village and family members wanting to
use the phone: “People may come asking for help to use the
VHT phone and say it is a group phone and may hate you if
you refuse to give it to them” [VHT, focus group participant].
There was a preference for the use of the phone to be
unrestricted in terms of making calls to family and friends:

What about if there is an emergency not related to
my work as APE, may | use such a phone for calling
purposes? If not, what are the real advantages of
having such phones...?” [APE, 46-year-old mal€]

http://mheal th.jmir.org/2015/3/e76/
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Discussion

Principal Findings

Our study found that the most salient roles of mHealth for the
participants were reducing the need for travel, improving
efficiency and planning, receiving feedback and information,
and improving communication with supervisors and other
CHWs. These reflect some of the most pressing challenges that
CHWsface, and are similar to findingsfrom astudy in Senegal
where phones were valued most for addressing training, stock
management, reporting, and transportation challenges [17].
Despite the contextual differences between the 2 study sites,
findingswere surprisingly similar. For example, despite ahigher
supervisor-to-CHW ratio in M ozambique compared to Uganda,
the desire to use mobile phones to increase and improve
supervision was similar. Thisis likely to be related to the fact
that the supervision system was not functioning optimally in
either site. That despite different systems, the redlities of
supervision were similar.

Limitations

A limitation of the study is that respondents were talking
hypothetically, and previous studies have shown that enthusiasm
for an mHealth intervention does not always correspond to
uptake [14]. Participants were generally enthusiastic about the
potential interventions; but thismay be dueto social desirability
affecting reporting, which may be particularly strong when a
desired commodity such as a mobile phone is being discussed.
CHWSs may not be in the best position to evaluate problemsin
their technical abilities and skills, and this study would have
been strengthened by an objective assessment of CHWS' skills.

Our findingswere broadly similar in 2 very different sites. Care
should be taken, however, in applying thefindingsto other sites
as CHWs elsawhere may have different characteristics,
experiences, needs, and perceptions.

Comparison With Prior Work

Most CHW mHealth interventions to date have focused on
applications for data submission, diagnosis, and SMS text
message reminders[11], but our findings suggest that improving
voice and text communication with other CHWS, supervisors,
and hedth facilities could itself improve motivation,
performance, and efficiency. A study in South Africa found
that, although an application to improve CHW reporting of
adverse events related to TB medication was not frequently
used, improved text and voice communication with clients and
supervisors was highly valued and enabled collaboration,
reduced travel time, and made CHWs fedl part of ateam [14].
The potentiad for mobile phones to improve direct
communication should be considered, even when studies or
programs focus on the provision of a specific application. That
said, improved communication must be 2-way, and CHWs in
our study felt that if they called their supervisor and the call
was not answered, or if they reported an issue and theissue was
not solved, they would become demoralized. This reflects
findings from Maawi on the importance of improving both
communication and the outcome of the communication [18].
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Implications

By understanding CHWS' needs, and by explicitly thinking
about motivation, wewere ableto identify specific modifications
to mHealth interventions that could improve motivation. For
example, our findings suggest that intervention designers should
consider how mobile phones could increase the standing,
visibility, and credibility of CHWs through strategies such as
clear branding of phones with the project’'s logo. Other
modifications that could be made to existing applications to
improve motivation include providing an SM S message response
to CHW data submission and sending SM S text messages about
the importance of CHW work and achievements, rather than
just reminders or technical messages. Data from formative
research allows SM Stext messagesto be designed in away that
is salient to the CHWSs.

Studies of theimpact of mHealth on CHWSs' work have, to date,
focused on measuring processes and uptake, and rigorous
large-scale studies are needed with behavioral and health
outcomes [11]. Our study suggests that mHealth interventions
could aso have an impact on motivation, and we propose that
motivation should be considered during both the design and
evaluation of mHealth interventions. This is supported by the
“unexpected” finding from astudy with HIV/AIDS community
workersin Uganda where an mHealth intervention appeared to
improve worker morale and job satisfaction [19]. Recently
framed “pathways of research” for mHealth interventions in
low-income countries do not include motivation as an outcome
[20], which we feel is an important omission that should be
rectified.

Thondoo €t d

Our study illustrates the importance of including end-usersin
the design of mHealth interventions, which should become best
practice for al those designing mHealth interventions. In this
study, CHWs were able to identify key feasibility issues such
as the language in which SMS text messages are sent and the
balance between the relative importance of phone function
versus battery life. We found that athough poor network
coverage wasareality in both settings, this could be ameliorated
by providing CHWsin locations with poor coverage with adual
SIM phone. The impact of providing phones with a reduced
battery life needs to be considered, and solar chargers may be
asolution.

Conclusions

There has been a call for mHealth interventions to explicitly
consider theory in their design [20], using models such as the
mobile phone technology acceptance model [17]. The results
of theformative research presented in this paper were reviewed
in light of worker performance and motivation theory, and the
findings and the theory were used to design mHeadlth
interventions in each site [15]. The use of performance and
motivation theory provided alens through which the formative
research findings could be viewed and helped the team make
decisions about the design of theinterventionsand their potential
impact. We feel that the design of mHealth interventionswould
be strengthened by using theories that help understand
performance and motivation, rather than those that focus solely
on acceptance and use of the phone.
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Abstract

Background: Littleisknown about “new media’ use, defined as media content created or consumed on demand on an electronic
device, by patientsin emergency department (ED) settings. The application of thistechnology has the potential to enhance health
care beyond the index visit.

Objective: The objectives are to determine the prevalence and characteristics of ED patients' use of new media and to then
define and identify the potential of new mediato transcend health care barriers and improve the public’'s health.

Methods: Face-to-face, cross-sectional surveys in Spanish and English were given to 5,994 patients who were sequentially
enrolled from July 12 to August 30, 2012. Data were collected from across a Southern Connecticut health care system’'s 3
high-volume EDs for 24 hours aday, 7 days aweek for 6 weeks. The EDs were part of an urban academic teaching hospital, an
urban community hospital, and an academic affiliate hospital.

Results: A total of 5,994 (89% response rate) ED patients reported identical ownership of cell phones (85%, P<.001) and
smartphones (51%, P<.001) that were used for calling (99%, P<.001). The older the patient, however, the less likely it was that
the patient used the phone for texting (96% vs 16%, P<.001). Income was positively associated with smartphone ownership
(P<.001) and the use of health apps (P>.05) and persona health records (P<.001). Ownership of iPhones compared to Android
phones were similar (44% vs 45%, P<.05). Race and ethnicity played a significant role in texting and smartphone ownership,
with Hispanics reporting the highest rates of 79% and 56%, respectively, followed by black non-Hispanics at 77% and 54%,
respectively, and white non-Hispanics at 65% and 42%, respectively (P<.05).

Conclusions: Thereisacritical mass of ED patients who use new media. Older persons are less comfortable texting and using
smartphone apps. Income status has a positive relationship with smartphone ownership and use of smartphone apps. Regardless
of income, however, texting and ownership of smartphones was highest for Latinos and black non-Latinos. These findings have
implications for expanding health care beyond the ED visit through the use of cell phones, smartphones, texting, the Internet, and
health care apps to improve the health of the public.

(IMIR mHealth uHealth 2015;3(3):€72) doi:10.2196/mhealth.4438
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medical informatics; new media; health care services; personal health management; mobile phones
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Introduction

New mediais part of the communication science lexicon—yet
it isfrequently omitted from the health care literature and often
is incorrectly interchanged with cell phones. “New media’ is
defined as media content created or consumed on demand on
an electronic device (eg, mobile phones, computers, tablets, etc)
[1-8]. In contrast, simple cell phone technology does not support
health apps or Web browsing for health information. While
most cell phones also have other communi cation modes beyond
asimpletelephone, such astexting, thereis an age cohort effect
whereby the elderly population is more likely to only use the
phone features because that population is less comfortable
texting or using mobile phone apps [9-15]. Thus, cell phones
must be thought of as a subcategory of new media and distinct
from mobile phones. New media has unrealized potential to
improve health outcomes compared to traditional or legacy
media (eg, print materials, radio, television, etc) [16-23].

According to Jenkins, new media can be thought of “as the
convergence of 3 concepts—media convergence, participatory
culture, and collective intelligence” [24]. With new media,
consumers “interact with” adigital device as opposed to being
“exposed to” legacy media, which is passive media spectatorship
[24-29]. Therefore, new mediahasagreater potential to improve
patient care and health outcomes [13,30-34]. Mobile phones,
tablets, laptops, and desktops allow the consumer to search
health information repositories, or “collective intelligence,”
related to their health condition [35-37]. “Media convergence”
refersto how patientsinteract with each other or experts[38-41]
(eg, chat rooms for women with breast cancer) [42-45]. And a
“participatory culture” allows active engagement in treatment
[46-48] (eg, messaging medication adherence or provider
communication) [49-51]. Engaged patients experience better
health outcomes and higher satisfaction [52-58]. The purpose
of this study isto improve our understanding of the prevalence,
uses, and typology of new mediain the emergency department

http://mhealth.jmir.org/2015/3/e72/
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(ED) care setting [59-65]. We theorize that if acritical mass of
patients are using new media, it may drive a paradigm shift in
health care delivery by enhancing care beyond the ED visit.

Methods

Overview

We designed and administered a cross-sectional survey of
patients presenting to 3 EDs in southern Connecticut that are
part of the Yale-New Haven Hedlth System (YNHHS). Data
were collected over 24 hours aday, 7 days aweek for atotal of
6 weeks. During the study period, the annual census for
Yae-New Haven Hospital York Street Campus, an urban
academic teaching hospital, was approximately 81,000 adult
visits per year and serves a population that is 52% white, 28%
black, and 18% Hispanic, with 40% receiving Medicaid.
Bridgeport Hospital, an urban academic affiliate of YNHHS,
receives approximately 45,000 adult visits per year and serves
apopulation that is 44% white, 38% black, and 15% Hispanic,
with 46% receiving Medicaid. The annual census for the Saint
Raphael Campus ED, best described as an urban community
ED, was approximately 45,000 visits per year and serves a
population that is 36% white, 31% black, and 34% Hispanic,
with 50% receiving Medicaid.

Selection of Participants

Research assistants (RAS) enrolled patients presenting to 1 of
the 3 EDs. Twenty-two trained RAs enrolled patients on every
ED shift, 24 hoursaday, 7 daysaweek, during a 6-week period
(July 12 to August 30, 2012). Patients were excluded if they
were 17 years of age or younger; alcohol or drug impaired; had
a condition that precluded interview; were in police custody;
had active psychosis, suicidal, or homicidal ideation; or were
unwilling to consent. RAs entered patient datainto the electronic
data capture system based on time of patient arrival (Figure 1).
The ingtitutional review board of each participating hospital
approved all study procedures.
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Figure 1. Patient flow diagram.
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Data Collection and Analysis

Our research consortium reviewed and selected questions from
the information technology study conducted a Brown
University’s ED [66], by the Department of Veterans Affairs
[67], and someinstrumentsfrom health communication literature
[68]. Our multidisciplinary research group consisted of
individuals with expertise in informatics, emergency medicine,
bioinformatics, engineering, and social sciences who
recommended validated questions to include on the survey
instrument based on their specific areas, such as media usage
[69,70], substance abuse[71,72], tobacco use [ 73,74], theelderly
[75-81], public health records [82], veterans [83], and ethnic
minorities[84-86]. The survey was derived from other validated
survey or screening questionnaires and new media surveysin
combination with original questions specific to the ED, health
care, and patient populations. Participants were asked a series
of questions representing a number of domains, such as: (1)
new media technology ownership (eg, “Do you own a cell
phone?’); (2) new media use (eg, “What do you use your cell
phone for? Check ALL that apply.”); (3) type of technology
owned (eg, “Is your cell phone a mobile phone (eg, iPhone,
Blackberry, Android?’)); and (4) frequency of use (eg, “How
often do you use your cell phone for text messaging?’).
Contingent on answers to these prior questions, participants
were asked about new media behaviors such as. (1) seeking
health information (eg, “ Do you use your cell phoneto look up
health information?"); and (2) tracking or managing one’shealth

http://mhealth.jmir.org/2015/3/e72/
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Ineligible

1817 (21%)

Unable to Complete

208 (3%)

6.2

(eg, “Do you use a software application on your phone to help
you track or manage your health?"). The survey ended with the
collection of the following demographic data: age, gender,
ethnicity, race, preferred language, highest level of education
completed, rural/urban status, and annual household income.

The survey was pilot tested over the course of 1 month (with
observers) and tested for fourth grade Flesch-Kincaid
readability. Some data regarding race were missing (<1%) due
to confusion between “race” and “ ethnicity.” Thus, participants
who reported L atino/Hispanic asaracial category were corrected
using hot deck imputation [87-98].

We compared ED patients' new media use between 3 urban
EDs in southern Connecticut. The survey was conducted in
English and Spanish. We derived point estimates with 95%
confidence intervals (Cl) using the normal-theory method for
a binomial parameter. Variables of interest include P-values
based on the test for a binomia proportion. Analyses were
performed using SPSS version 20 (IBM Corp, Armonk, NY).

Results

A total of 5994 (89% response rate) ED patients consented to
participate in the study from southern Connecticut (Figure 1).
The average time for survey completion was 6.2 minutes. The
3 EDswithin the health care system are presented disaggregated
and then were combined for purposes of analysis (Table 1). A
total of 58.43% (3382/5788) of ED userswerefemale; the mean
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age was 46 years old; whites comprised 42.14% (2410/5719),
blacks 34.11% (1951/5719), and Latinos 23.75% (1358/5719)
of the patient population; 2.95% (171/5788) of the participants
elected to compl ete the survey in Spanish; 14.60% (845/5788)
of the respondents had none to some schooling; and 39.38%
(1775/4507) of the ED patients earned less than $15,000 per
year. There was little if any variation among the 3 EDs, with
the exception of income. A total of 47.10% (674/1431) of Saint
Raphael’ s patients earned | ess than $15,000 per year while only
34.97% (583/1667) of Yale-New Haven York Street Campus
patients reported anincomein thisbracket (Table 1). ED patients
reported high ownership of cell phones (4934/5788, 85.25%,
P<.001) and mabile phones (2500/4934, 50.67%, P<.001) that
were used for calling (4892/4934, 99.15%, P<.001). The older
the patient, the lesslikely it was that the patient used their cell
phone for texting (96% of 18-29 year olds vs 16% of those age
65 or older, P<.00). Ownership of iPhones (1093/2500, 43.72%)
compared to Androids (1117/2500, 45.88%) were similar
(P<.05). Of those patientswith a contract, 49.57% (2446/4934)
reported having unlimited minutes and 49.57% (2446/4934)
reported having limited minutes. Furthermore, 20.25%
(999/4934) of patients reported having a pay-as-you go plan,
which may or may not have included a contract. Finally, 4.32%
(213/4934) of patientsreported owning aMedicaid phone (aka,
“Obama phone”) (Table 2). Income was positively associated
with mobile phone ownership (P<.001), use of health apps
(P>.05), and use of personal health records (P<.001) (Table 3).
Race played a significant role in texting and mobile phone
ownership, with Hispanicsreporting the highest rates (79% and
56%, respectively), followed by black non-Hispanics (77% and
54%, respectively) and white non-Hispanics (65% and 42%,
respectively) (P<.05). ED users aso demonstrated higher rates
of African American and Latino patients (34% and 24%,
respectively). In summary, ED patients had high rates of
minorities, no to little education, and low income (Table 3).

Post et al

While not directly comparable, as these 2 surveys are from 2
different sampling frames, the Pew Foundation and the
CaliforniaHeathCare Foundation (CHCF) conducted asimilar
media health care study during the same time period [99].
Coincidently, ED patientsin our study had identical ownership
of cell phones benchmarked against the Pew-CHCF study
(4934/5788, 85.25%, P<.001). Income impacted the type of
mobile phone and the nature of the contract, however,
functionality remainsidentical. Basic functions such as calling
(4892/4934, 99.15%, P>.05) and texting (3595/4935, 72.86%,
Cl 95% 72-74) were high (Table 2). Internet connections for
browsing (2283/4934, 46.27%, 95% Cl 45-48), e-mailing
(2081/4934, 42.18%, 95% CI 41-44), and socia networking
(1903/4934, 38.57%, 95% CI 37-40) wereless prevalent. Among
al cell phone owners, 50.67% (2500/4934, 95% CI 49-52)
reported that their device was a mobile phone. The Pew-CHCF
study had arate of 53%, meaning that ED users have 1% fewer
mobile phones when benchmarked against the general
popul ation. iPhones were more pervasive among higher income
ED patients than lower income patients, however, the
functionality of Android phonesisidentical in terms of apps,
texting, and Web browsing capability.

Table 3 demonstrates the health care utility for new media
beyond calling capabilities according to selected demographic
characteristics. The youngest age cohort of 18-29 years old
reported the highest rates of texting (96%) compared to the ol der
patients, significantly higher rates of mobile phones (79%,
P<.001), high rates of using new media to seek heath
information (65%, P<.001). Among the eldest ED patients,
those 65 years old or older, the highest rates were for using
health apps (16%, P<.05) and seeking health information (33%,
P<.001). African Americans (54%, P<.001) and L atinos (56%,
P<.001) inthe ED reported significantly higher rates of mobile
phone ownership than whites (44%, P<.05). Therewasasimilar
pattern for seeking health information.

Table 1. Demographic breakdown of 3 emergency departments, July 12 to August 30, 2012.

ED #1 ED #2 ED #3 Total
Demographic Yale-New Haven Hospital Yale-New Haven Hospital  Bridgeport Hospital All EDs, combined
York Street Campus Saint Raphael Campus (N=5788)
Female 1081/1922 (56.24%) 1177/1966 (59.87%) 1124/1900 (59.16%) 3382/5788 (58.43%)
Mean age, year (SD) 45 (18) 48 (21) 44 (19) 46 (20)
White, Non-Hispanic 891/1888 (47.19%) 889/1954 (45.50%) 630/1877 (33.56%) 2410/5719 (42.14%)
Black, Non-Hispanic 567/1888 (30.03%) 77411954 (39.61%) 610/1877 (32.50%) 1951/5719 (34.11%)
Hispanic 430/1888 (22.78%) 291/1954 (14.89%) 637/1877 (33.94%) 1358/5719 (23.75%)
Spanish language survey 68/1922 (3.54%) 51/1966 (2.59%) 52/1900 (2.74%) 171/5788 (2.95%)
None to some schooling 253/1922 (13.16%) 304/1966 (15.46%) 288/1900 (15.16%) 845/5788 (14.60%)
Income <$15,000 583/1667 (34.97%) 674/1431 (47.10%) 518/1409 (36.76%) 1775/4507 (39.38%)
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Table 2. New media use prevalence and taxonomies, July 12 to August 30, 2012.

Post et al

ED #1 ED #2 ED #3 Total
New media profile Yde-New HavenHospi- Yale-New HavenHospi-  Bridgeport Hospital All EDs combined
tal York Street Campus tal Saint Raphael Cam- (N=5788)
pus
Cell phone ownership 1677/1922 (87.25%) 1591/1966 (80.93%) 1666/1900 (88.68%) 4934/5788 (85.25%,
95% CIl 84-86)
Cell phone use Cadlling 1666/1677 (99.34%) 1572/1591 (98.81%) 1654/1666 (99.28%) 4892/4934 (99.15%,
95% Cl 98.9-99.4)
Texting 1235/1677 (73.64%) 1141/1592 (71.72%) 1219/1666 (73.17%) 3595/4935 (72.86%,
95% CI 72-74)
E-mailing 654/1677 (39.00%) 624/1591 (39.22%) 803/1666 (48.20%) 2081/4934 (42.18%,
95% Cl 41-44)
Surfing Internet 762/1677 (45.44%) 652/1591 (40.98%) 869/1666 (52.16%) 2283/4934 (46.27%,
95% Cl 45-48)
Socia networking 664/1677 (39.59%) 545/1591 (34.26%) 694/1666 (41.66%) 1903/4934 (38.57%,
95% Cl 37-40)
Playing games 422/1677 (25.16%) 430/1591 (27.03%) 564/1666 (33.85%) 1416/4934 (28.70%,
95% CI 27-30)
Mobile phone owner- 837/1677 (49.91%) 716/1591 (45.00%) 947/1666 (56.84%) 2500/4934 (50.67%,
ship 95% Cl 49-52)
Mobilephoneoperating iPhone 404/837 (48.27%) 278/716 (38.83%) 411/947 (43.40%) 1093/2500 (43.72%,
system 95% Cl 42-46)
Android 333/837 (39.78%) 333/716 (46.51%) 451/947 (47.62%) 1117/2500 (45.88%,
95% Cl 43-47)
Mobile phone contract  Contract, Limited Min  909/1677 (54.20%) 687/1591 (43.18%) 850/1666 (51.02%) 2446/4934 (49.57%,
type 95% Cl 48-51)
Contract, Unlimited 909/1677 (54.20%) 687/1591 (43.18%) 850/1666 (51.02%) 2446/4934 (49.57%,
Min 95% Cl 48-51)
Medicaid phone (aka ~ 66/1677 (3.94%) 84/1591 (5.28%) 63/1666 (3.78%) 213/4934 (4.32%, 95%
Obama phone) Cl 4-5)
Pay-as-you-go 255/1677 (15.21%) 391/1591 (25.58%) 353/1666 (21.19%) 999/4934 (20.25%,

95% CI 19-21)
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Table 3. New media device ownership and use by ED survey participants versus Pew-CHCF study data, July 12 to August 30, 2012.

Demographic Text Messaging, 73% (Cl  Mobile Phone Ownership, Use of Health Apps, 19%  Health Info Seeking, 60% Personal
(N=5788) 95% 72-74) 51% (CI 95% 49-52) (Cl 95% 17-21) (CI 95% 58-62) Health
Records,
6% (Cl
95% 6-8)
EDs Pew- P EDs Pew- P EDs Pew- P EDs Pew- P EDs
CHCF CHCF CHCF CHCF
Gender Men 68 81 <00l 47 46 >05 17 16 >05 53 29 <00l 7
(66-71) (45-49) (15-20) (49-56) (6-9)
Women 76 80 <00l 53 45 <00l 20 23 007 64 33 <0l 6
(74-77) (52-55) (18-22) (62-67) (5-7)
Age 1829 9% 97 04 79 66 <00l 18 24 <00l 65 a2 <00l 7
(95-97) (77-81) (16-21) (62-68) (5-8)
30-49 84 92 <00l 54 59 <00l 20 19 >05 57 39 <0l 8
(82-85) (52-57) (18-23) (53-60) (7-9)
50-64 55 72 <00l 30 34 004 17 16 >05 53 19 <00l 7
(52-58) (27-33) (11-22) (47-60) (5-8)
65+ 16 34 <00l 10 11 >05 16 10 >05 33 9 <00l 2
(13-19) (7-12) (4-27) (19-47) (1-2)
Race/Ethnicity White, 65 79 <00l 44 42 >05 21 19 >05 61 27 <00l 8
Non-His- (63.67) (42-46) (18-24) (58-65) (6-9)
panic
Black, 77 80 008 54 47 <00l 17 21 01 57 35 <0l 5
Non-His-  (75.79) (51-56) (15-20) (54-61) (4-5)
panic
Hispanic 79 85 <00l 56 49 <00l 18 15 03 6l 38 <00l 6
(77-82) (53-59) (15-21) (57-65) (57)
Annual <$30,000 71 78 <00l 45 35 <00l 16 14 >05 63 28 <00l 3
Household In- (69-73) (43-47) (14-18) (60-66) (3-4)
come
$30,000- 76 78 >05 56 42 <00l 21 21 >05 59 30 <00l 8
$59,999 (7379 (53-60) (17-25) (54-64) (6-10)
$60,000- 78 89 <00l 60 56 >05 23 21 >05 61 37 <ol 11
$89.999 (7482 (56-65) (17-28) (54-67) (8-14)
>$90,000 80 ) <00l 70 68 >05 26 23 >05 67 37 <00l 22
(76-85) (65-74) (20-32) (60-73) (18-26)
Education No HS 55 65 <001 33 21 <001 ------ Not re- 54 17 <00l 2
Level Diploma (57.59) (29-37) ported (47-62) (1-3)
High 69 75 <00l 42 36 <00l 14 11 04 55 26 <00l 3
School (5771, 39-44 11-16 51-58 34
Graducte ( ) ( ) ( ) ( ) (34
Some 83 85 0l 62 50 <00l 20 24 02 62 33 <00l 9
College  (go-g5) (60-65) (17-24) (59-66) (7-11)
College+ 78 86 <00l 63 61 >05 24 22 >05 65 38 <00l 15
(76-81) (61-66) (21-28) (61-69) (13-18)
: : the use of new media could extend the reach of the ED visit.
Discussion

Principal Findings
While the conventional main focus of hospital EDs has been to
provide immediate treatment to patients with acute conditions,
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These clinical encounters provide unique and important
opportunities to the clinicians and system of health care to
positively influence individual health behavior beyond the
emergency department setting.
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We sought to define and differentiate new mediafrom cell phone
ownership to bring health care operationalization of electronic
devices consistent with the communication literature.
Furthermore, becauseinformation technology isalready playing
an increasing role in improving health care, delivering
interventions, navigating the health care system, and improving
the public’s health at large, we wanted to determine (beyond
the anecdotal) that sufficient numbers of ED patients own and
use new media. Survey participants’ ownership of cell phones
(4934/5788, 85.25%) and device usage for calling (4892/4934,
99.15%) and texting (3595/4935, 72.86%) were high. Among
all cell phone owners, mobile phone ownership was moderate
(2500/4934, 50.67%) with minorities reporting the highest rate
of ownership. Benchmarked against the Pew-CHCF study [99],
we observed similar prevalencefiguresfor cell phone ownership
and use for texting as well as mobile phone ownership (Table
3).

EDsare concerned with enhancing continuity of care throughout
an entire health system and optimizing cost containment. As a
result, they have generally heightened and expanded their
attention to pre-hospital and post-discharge care implications
of acute care. Finding new forms of effective communication
facilitates expanding the scope of prevention, health promotion,
health maintenance, and disease management services
[100-102].

ED patients are segmented in this study to those most likely to
own and use new media technology. Hence, we determined the
characteristics of ED patients that own and use new mediato
tailor intervention strategies. Text messaging can be used to
provide health information to most cell phone users (depending
on their phone plan). We examined the relationship between
ED patients use of text messaging and individual patient
characteristics. A higher prevalence of text messaging was
reported by ED patients who were female, younger, nonwhite,
and more educated (Table 2). Text messaging was|ess common
among ED patients regardless of gender, age group,
race/ethnicity, or socioeconomic status.

While mobile phone ownership is not as ubiquitous as overall
cell phone ownership, mobile phone technology is important
for behavioral interventions (eg, mobile phone health apps).
Thus, we examined the rel ationship between ED patients mobile
phone ownership and individual patient characteristics.
Participants who were female, younger, nonwhite, and had
higher income reported greater ownership of mobile phone
technology (Table 3). Notably, ED participants with lower
household income, less formal education, and either urban or
rural residency (datanot shown) reported the highest ownership.
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Female and younger ED patients who owned mobile phones,
as well as those with greater educational attainment, reported
higher online searching for health or medical information.
Consigtently, ED participants reported greater health information
seeking than the general popul ation as measured by Pew-CHCF.

We found similar patterns of usage of cell and mobile phones
in both the ED patient population and the general population
with the exception that ED patients are more likely to use
desktop and laptop computers to seek health information than
amobile phone and the general populationismorelikely torely
on e-mail to communicate through alaptop or desktop computer.

Limitations

We compared the prevalence of health information seeking by
ED patientswith that of the general population. ED participants
invariably reported greater health information seeking than
participants in the Pew-CHCF survey. Individuals presenting
to the emergency department likely have health conditions that
trigger new media use to manage disease and seek information
on treatment and care.

Racial/ethnic minorities and persons of lower socioeconomic
status were overrepresented in the EDs as compared to the
general US catchment area. Compared to the benchmark
Pew-CHCF survey, our ED sample was similar in terms of
gender but (predictably) was made up of more nonwhite
participants who were poorer and had less schooling.

Conclusions

Our study formally defines new media and disambiguates cell
phones from mobile phones. We established a scientifically
derived baseline of new media use for ED patients and
determined that a critical mass of patients use new media and
would perhaps benefit from new media technology to manage
their health and seek information. Most importantly, we found
that more marginalized popul ations—such as the poor, homeless
[48], and minority patients—do not differ significantly in
ownership or usage rates from the general population and that
sufficient ownership exists to reach a significant portion of the
population using new media. New media may be a health care
equalizer to address health care disparities by reaching
minorities and low income patients better. This research also
suggests that potentially assisting ED patients without
information technology is an option to extend services such as
the Lifeline Program for Low-Income Consumers [103]. This
study increases confidencein the utility of new mediafor health
care services, interventions, and follow up [61,104105].
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Abstract

Background: Clinical decision support (CDS) tools improve clinical diagnostic decision making and patient safety. The
availability of CDSto health care professionals has grown in line with the increased prevalence of apps and smart mobile devices.
Despite these benefits, patients may have safety concerns about the use of mobile devices around medical equipment.

Objective: Thisresearch explored the engagement of junior doctors (JDs) with CDS and the perceptions of patients about their
use. There were three objectives for this research: (1) to measure the actual usage of CDS tools on mobile devices (mCDS) by
JDs, (2) to explore the perceptions of JDs about the drivers and barriers to using mCDS, and (3) to explore the perceptions of
patients about the use of MCDS.

Methods: This study used a mixed-methods approach to study the engagement of JDs with CDS accessed through mobile
devices. Usage data were collected on the number of interactions by JDs with mCDS. The perceived drivers and barriers for JDs
to using CDS were then explored by interviews. Finally, these findings were contrasted with the perception of patients about the
use of mCDS by JDs.

Results: Nine of the 16 JDs made atotal of 142 recorded interactions with the mCDS over a 4-month period. Only 27 of the
114 interactions (24%) that could be categorized as on-shift or off-shift occurred on-shift. Eight individual, institutional, and
cultura barriersto engagement emerged from interviews with the user group. In contrast to reported cautions and concerns about
the impact of clinicians’ use of mobile phone on patient health and safety, patients had positive perceptions about the use of
mCDS.

Conclusions: Patients reported positive perceptions toward mCDS. The usage of mCDS to support clinical decision making
was considered to be positive as part of everyday clinical practice. The degree of engagement was found to be limited due to a
number of individual, institutional, and cultural barriers. The majority of mCDS engagement occurred outside of the workplace.
Further research is required to verify these findings and assess their implications for future policy and practice.

(JMIR mHealth uHealth 2015;3(3):e80) doi:10.2196/mhealth.4388
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Introduction

Background

Although the influence of evidence-based medicine (EBM) on
health care is gaining in importance, there can be challenges
for health care professionals to practice EBM at the point of
care [1]. Clinical decision support (CDS) systems, defined as
“information systems designed to improve clinical decision
making” [2], enable health care professionals to |leverage the
benefits of technology and access the latest evidence to guide
their clinical practice[3]. Traditional formsof CDS range from
electronic patient record database systems in which clinicians
can access patient details and retrieve rel evant drug information,
through to standal one software applications that are effectively
arepository or textbook of guidelines on a given clinical topic
[2]. Despite the affordances brought by these CDS systems, a
number of individual, organizational, and technological barriers
affected the engagement of clinicianswith thetechnologies[4].

Smartphones enable users to perform tasks such as replying to
email and accessing Internet-based resources [5]. They can
increase the productivity of people in the workplace, but can
also provide an additional burden and distraction. They are
increasingly prevalent with over 82% of doctors reported to be
using a smartphone in the workplace to facilitate their care for
patients [6].

The prevalence of smartphones among those entering the
workforce is high, with 92% of junior doctors (JDs) owning
such a persona device [6,7]. In the United Kingdom, JDs
includefoundation year (FY) doctors (thosein their first 2 years
of training following graduation) and core trainee (CT) doctors

http://mhealthjmir.org/2015/3/e80/

(in years 3-5 following graduation). This prevalence is
increasing and parallels other trends such asthe growth in health
care-related apps, with over 10,000 now available [8]. This
suggests that ownership and usage of mobile software
applications among this group is aready ubiquitous.
Nevertheless, thereislittle understanding about the use of CDS
on mobile phone (MCDS) devices by JDsfor improving clinical
care.

There are awide range of papers describing the use of mCDS
[9], yet few focus on the factors affecting engagement with
mCDS by JDs. Previous studies explored the use of CDS on
technology such as personal digital assistants [10] yet barriers
to the use of these devices such as usability and functionalities
likely relate to the outdated hardware, rather than the CDStools
per se. Although this evidence remains useful for understanding
the challenges with technol ogy acceptance among medical staff,
more research about engagement with CDS following the
development of smartphone devicesis necessary. JDs are poor
at answering their clinical questions and likewise they require
significant support for finding answerson traditional CDStools
[11]. Therefore, better understanding about the usefulness of
smartphones to meet their needs is required.

Study Objective

We aimed to explore the factors influencing JD engagement
with mCDS (Figure 1) for answering clinical questionsin the
workplace. The objectives of this study were to quantify the
usage of mCDS by JDs; to compare the perceived drivers and
barriers held by individua JDs with their usage of the
technology; and to triangulate these findings with patient
perceptions about JDs using mCDS in the workplace.
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Figurel. Anexample of aclinical decision support system on mobile phones (UpToDate) on a smartphone displaying the home page and an Android

device displaying an example topic.
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Methods

M ethodology

A mixed-methods approach was used for researching
engagement with technology among JDs in this health care
setting [12,13]. Mixed-methods approaches give researchers
flexibility for exploring complex phenomenasuch astechnology
engagement, and enable data derived from multiple sources to
be triangulated so that such complex phenomena can be more
accurately explained.

Context

The study was completed as part of the University Hospitals of
Leicester NHS Trust's wider clinical effectiveness (study
reference number 6608E) and quality improvement program
(Hedlth Education East Midlands study reference number
LEIO085), based in the East Midlands, United Kingdom.
Therefore, al issues related to perceptions of surveillance and
temporary behavior changes were minimized. The study was

http://mhealthjmir.org/2015/3/e80/
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undertaken across 4 in-patient wards in a tertiary center renal
unit with a total of 59 beds. All patients are admitted under
specialist renal care. Consent was obtained from all JDs and
patients who participated in the study and both were reminded
of their right to withdraw consent at any point during the period
of data collection and analysis, before dissemination of the
findings. All data were anonymized to remove personaly
sensitive or identifiable information. At the time of the study,
all medical notes at the Trust were handwritten and there were
no electronic patient records. There was no electronic
prescribing system; however, hospital guidelines and British
National Formulary were available on the hospital intranet,
accessible from any desktop computer located on all wards[14].
Asthisstudy was conducted as part of the clinical effectiveness
program, JDs were not asked to stop using other CDS that they
were familiar with as this could have impacted patient care.
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Sample

Sixteen JDs (FY1, FY2, and CT levels) were invited to
participate in this study. These doctors were based on the renal
unit as part of their individual training rotations acrossa4-month
period between August and November 2013. The doctors were
provided with personal accessto CDS technology (UpToDate)
[15] on their mobile phone or equivalent device at the start of
the rotation.

Data Collection

Overview
Data were collected from the following 3 main sources:

1. IDsusagewith mCDS
2. JDs perceptions toward mCDS
3. Patients perceptionstoward mCDS.

Usage of mCDS

The usage statistics from JDs accessing the technology were
collected to measure the quantity of mCDS use. An interaction
was classified as atext search conducted by anindividual for a
specific query (eg, tacrolimus, transplant rejection, or heparin
infusion). Other data were logged by the system, but they do
not provide any insight into participant system usage. This
includes, for example, system synchronization to receive
software updates, Internet protocol address changes, and error
logs.

Any interactions made by JDs while online, in this case text
searches, were transmitted to acentral server inreal time. Usage
data from offline mode were transferred when individual s next
used the software online. All data were organized according to
the time of the interaction to investigate periods of high and
low engagement. The usage data were triangulated with the
on-shift commitments of JDsto further contextualizethe nature
of usage with mCDS.

JD Perceptions Toward mCDS

To investigate the perceptions of JDstoward mCDS technology,
semistructured interviews were conducted with JDs on 2

Patel et &l

occasions during the rotation. The first interviews exploring
factors affecting mCDS use were conducted after 2 months so
JDs had enough time to settle into the workplace and develop
ways of integrating the technology into their daily work. The
second interviews were conducted after a further 2 months at
the end of the job, to evaluate the main factors that promoted
or prevented use of mCDS during the rotation. Prompts during
the interviews included JDs' perceived usage, their perceived
usefulness and usability of the mCDS, and perceptions about
acceptability of usein the workplace in front of patients.

Patient Perceptions Toward Engagement With mCDS

Feedback from patients about their perceptions of JDs using
mCDS in the workplace was collected using semistructured
interviews. Only patientswho had observed first-hand JDs using
mCDS on the ward wereinvited to share their reflections. Only
members of the local area Kidney Patient Association could be
approached. Patients were asked to describe their recollections
of a doctor's mCDS usage at the bedside, on the ward, or in
other instances when they observed interactions with the
technology.

Data Analysis

Overview

Quantitative and qualitative analyses were conducted on the
datacollected using 3 methods. All interviewsweretranscribed
verbatim.

Usage of mCDS

Interactions with mCDS were divided into on-shift and
out-of-hours interactions by cross-referencing the time of
interaction with available on-shift data. On-shift data were not
available for 2 JDs.

JD Perceptions Toward mCDS

A framework analysis of emergent themes based on the
integrative model of technology acceptance among professionals
[16] was completed on the qualitative data collected from JDs.
The themes are outlined in Table 1.

Table 1. Outline of thethemesincluded in theintegrative model of technology acceptance among professionals [16], which were used in the framework

analyses of the interviews.

Framework themes

Definition

Personal innovativeness in information technology

Result demonstrability

The willingness of an individual to try out any new information technology.

The extent to which the tangible results of using an innovation can be observable

and communicable.

Image

The extent to which use of an innovation is perceived as enhancing one’'s own

image or status.

Subjective norm

The perception that other people considered important by the person think that

he or she should perform the behavior.

Perceived behavioral control

The perception of internal and external resource constraints on performing the

behavior.

Perceived ease of use

Perceived usefulness

The extent to which a person believes that using the system will be free of effort.

The extent to which a person believes that using the system will improve his or

her job performance.

Behavioral intention

A person’s subjective probability to perform a specified behavior.

http://mhealthjmir.org/2015/3/e80/
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The raw data were explored so that codes were applied to
phrases which aligned to components of the model. Any code
or theme that did not align with a component in the model was
identified as an emergent theme and organized into a new
component. All codes within components and existing or new
themes were triangulated with findings from the other analysis
to explain mCDS engagement among JDs.

Patient Perceptions Toward Engagement With mCDS

A thematic analysis was completed on the qualitative data
collected from patients. This approach was chosen because there
was no expectation that the process of coding would fit the data
into apre-existing model or frame. Thisinductive or data-driven
approach ensured all themeswere rooted in the raw datawhere
the focus of inquiry was patients’ perceptions, feelings, and
experience of JDS mCDS usage. |n particular, the relationship
between patients’ subjective experience of mCDS usage by JDs
and their confidence with the problem-solving or
decision-making skills of the individual in question was
explored. Furthermore, themes that identified a relationship
between JD mCDS usage at the point of care and patients
subjective experience about safe or effective care on the ward
were also explored. Finaly, the themes identified by patients
and JDs about mCDS were compared and contrasted.

Patel et &l

Results

Usage of mCDS

A total of 142 mCDS interactions across 16 JDs were recorded
during the 4-month study period (Table 2).

Five JDs made 14 or more recorded interactions. This equates
to 90.1% of al observed interactions (n=128). Seven JDs did
not use the mCDS software. The JD who interacted the most
made 43 interactions, equating to 11 interactions/month. The
mean number of interactions across the JDs who used mCDS
(excluding those who did not interact at all) was 4
interactions/month. The 2 JDs who had the most interactions
(43 and 36) were both FY 1. These 2 JDs had nearly twice as
many interactions as the JD with the next highest number of
interactions (20). Whilethisis potentialy interesting, no further
statistical analysis has been performed due to the small sample
across the 3 occupational-grade groups.

Datafrom 14 of the 16 JDswere available to establish whether
mMCDS usage was conducted while on-shift or not. Of the 113
accountable interactions, 27 interactions were recorded while
JDswere on-shift, and 86 interactions were recorded when JDs
were off-shift. This suggests that a greater proportion of
interactions are conducted off-shift. Unfortunately, the
interactionsfor JD 4 and JD 5 could not be categorized as either
on-shift or off-shift.

Table 2. Recorded interactions with clinical decision support on mobile phones among junior doctors.

Junior doctor  JD grade Total interactions (n) On-shift interactions (n) ~ Out-of-hoursinteractions(n)  Interview conducted?
(JD)

(Yes/No)

1 Fy1l 43 18 25 No

2 Fy1 36 5 31 No

3 CT 20 1 19 Yes

4 CT 15 N/A N/A Yes

5 FY2 14 N/A N/A Yes

6 FY2 6 1 5 Yes

7 CT 4 0 4 Yes

8 Fy1 2 2 0 Yes

9 FY2 2 0 2 Yes

10 Fy1 0 0 0 Yes

11 FY2 0 0 0 Yes

12 Fy1 0 0 0 Yes

13 Fy1l 0 0 0 Yes

14 Fy1 0 0 0 No

15 FY2 0 0 0 No

16 Fy1 0 0 0 Yes
Total 16 142 27 86 Yes=12
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JD Perceptions Toward mCDS

Overview

Twelve JDs completed a semistructured interview exploring
their perceptions about using mCDS (Table 2). Four JDs were
not available for interview due to their availability. The main
themes that explain the engagement of JDs with mCDS based
on theframework analyses of theintegrated model of technology

Patel et &l

acceptance among professionals[16] (Table 3) relate to personal
innovativeness, and theimpression given by the JIDswhen using
mCDS to others around them (image and subjective norm),
perceived ease of use, and perceived usefulness. Eight barriers
or reasons for nonengagement with the mCDS emerged from
these themes. They are categorized as being individual,
institutional, or cultural (Table 4).

Table 3. Summary of the framework analysis of junior doctor perceptions of clinical decision support on mobile phones (themes that did not emerge

have been removed).2

Positive or Framework theme Persona inno-  Image Perceived easeof Perceived usefulness  Subjective norm
negative per- vativenessin use
ception information
technology
Positiveper-  Number of timestheme 0 0 2 3 0
ceptions to- emerged
\évg%grlln;c?_ Example comment — — Itisfantasticto | had downloaded it —
; have it avail- on my phone and |
port on mobile .
phones able...on your found it really help-
(MCDS) soft- phope as v_veII , ful.
ware that's brilliant.
Negative per-  Number of timestheme 1 1 1 0 1
ceptions to- emerged
wards mCDS . — L . .
software Example comment | needtosign My major issuewithitin If wearetalking — See image comment
up for an terms of using it at work about BNF
Athens ac- isstill the acceptability  [British National
count and | of using mobile phones  Formulary app]
haven't really  in award environment | only use my
donethat ei-  where everyone assumes phone, | don't use
ther, purely that you are doing a mil-  anything else be-
becausewe've lionand oneother things causeit's faster,
been updated  but certainly not looking it's easy access.
with so many  up educational materials. But, this[ mobile
passwords I'msurethe patient till  CDS software] is
and user- thinksthat you arecall-  so much worse, it
names. | ing and arranging your  iskilling me.
thought thisis social life.
one too many,
| can't cope.

#This is based on the integrative model of technology acceptance among professionals [16]. Themes that emerged to explain the behavior of junior
doctors (JDs) with clinical decision support on mobile phones (mCDS) rel ated to perceptions around the ease of using mCDS and the perceived usefulness
of mCDS for working asaJD, personal initiative, and capability for using technology in general, as well as the impression given by the JDs when using
mCDS to others around them and the subjective norm. Eight individual, institutional, and cultural barriers were identified from these themes.
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Table4. Individua, institutional, and cultural perceptions to explain the engagement with clinical decision support on mobile phones. The 3 categories

emerged from 8 subthemes.

Patel et &l

| don't particularly use it on my phone. | sometimes do, but it tends to be not necessarily at the
bedside or on the ward because it's quite hard to look at on the phone. [JD 7, 4 interactions]

| useit on the computer alot of thetime...rather than using it on my phone, just because we have
quite a few computers on the ward and it isjust easier, bigger screen. [JD 13, no interactions]

| prefer the computer you know...the mobile is small. | try to use it from the compuiter, it's much

| use it more for MRCP [ Membership of the Royal College of Physicians diploma] revision |
think rather than actually looking things up for work. I've only used it maybe once or twice at

[Abarrier is] physically having time all ocated to be ableto look through these different resources.

| generally ask someone...because there's generally a lot of people around, or use the hospital
guidelines, they are really quite good. [JD 11, no interactions)

[1'use] mostly BNF online, BNF paper copy. I’ ve used up-to-date a few times. [Interviewer: On
your own phone?] No. On the computer. And also asking the pharmacist questions, and asking
the seniors questions and the...actual Internet of the hospital. [JD 7, 4 interactions]

[Abarrier is] knowing that most of what you are researching is going to be overruled by local
guidance anyway, so it doesn't actually tiein with what your local trust policy is saying. [JD 10,

The other thing I've found with [the mCDS] wasthat...it's not NICE Guidelines...and it's not, not
always Trust guidelinesin terms of, sort of, management and prescribing... There'sa Trust policy
on those sorts of things...If one deviates from the other, obviously you're going to go with the

The problemis though...when you are working in a big Trust really, you should be following
clinical guidelinesthat are available. [JD 8, 2 interactions]

| think | need to sign up for an Athensaccount and | haven't really donethat either, purely because
we' ve been updated with so many passwords and usernames. | thought thisis one too many, |

They said before our rotation they will send [information about the mMCDS introduction] meal
aswell. [Interviewer: Really?] Yeah, and then they kept asking us, “ Did you went the [mCDS
introduction] meal?” [sic] | waslike, “ We did not receive any email regarding the [mCDSin-

The[Hospital] isnot blessed with [VM-Fi] signal, so that makesit very difficult to try and access

Perceptions Theme Example
Individual Usability: Small screen
hard to read
more comfortable. [JD 3, 20 interactions]
Fit-for-purpose: clinical
decision support on
mobile phones(mCDS) work for work reasons. [JD 6, 6 interactions]
preferred as out-of -
hourslearning resource
Perceived lack of time
[JD 10, no interactions]
Existing resources
equally effective
Institutional Information conflicts
with local/national
guidelines no interactions]
Trust policies, not [MCDY]. [JD 12, no interactions]
Lack of support
can't cope. [JD 12, no interactions]
troduction] meal” [JD 9, 2 interactions]
Lack of supporting
technologicd infrastruc-  things on your phone. [JD 12, no interactions]
ture
Cultura Prevailing cultural

norm surrounding tech-
nology discourages use
of mobile devices at
bedside

| think my major issuewithit intermsof using it at work is still the acceptability of using mobile
phones in a ward environment where everyone assumes that you are doing a million and one
other things but certainly not looking up educational materials...I'm sure the patient still thinks
that you are calling and arranging your social lifeand so | just don't like that gap in terms of
people accepting that you can be using or texting or being on Facebook or something. That has
limited how much I've used it in the workplace, and | will really miss not having it soon on my
mobile device. [ID 4, 15 interactions]

Individual Barriers

JDs preferred using the desktop-based CDSto the mCDS where
reading information on asmall screenin certain clinical contexts
was perceived as challenging. JDs also preferred using mCDS
as a learning resource in their own time rather than as a tool
exclusively to aid them at the bedside in the workplace.
Furthermore, JDs suggested difficulty integrating mCDS into
their pattern of work, which was conditioned through previous

http://mhealthjmir.org/2015/3/e80/

jobs where mCDS was not available. As a consequence, JDs
had difficulties integrating mCDS into their role in the
workplace and so sought instead to use alternative and more
established sources of support when presented with a clinical
guestion. On direct probing of these alternative sources, at |east
seven were cited by JDs within interviews (Table 5). It is
particularly surprising that colleagues were not consulted for a
second opinion more often as a CDS resource, which is in
contrast to previous findings [17].
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Table5. Alternative sources of clinical decision support reported by junior doctorsin this study.

Resource

Number of junior doctorsreferring to resource

UpToDate desktop [18]

British National Formulary Desktop [19]

British National Formulary book [14]

British National Formulary App [20]

Colleagues as a“second opinion” (seniors/pharmacists)
Local clinical guidelines

Academic journals

P P N N W O N

I nstitutional Barriers

JDs confirmed that inconsi stencies between recommended and
expected clinical practice presented challenges to the adoption
of mCDS guidance. A regular dilemma for JDs was choosing
between suggestions given by mCDS and receiving instruction
from aternative, traditionally “trusted” sources. This dilemma
was more challenging when instruction varied across sources
such as local, mCDS, and national guidance (eg, National
Ingtitute for Health and Care Excellence clinical guidelines)
[21]. JDs gave up using mCDS in these situations, defaulting
to resources perceived as being more accessible such as desktop
computers.

The motivation for JDsto persist with using mCDS against this
backdrop was challenged, especially inthe face of other barriers
such as reported usability and accessibility issues. Although
JDs cited usability and accessibility asafactor for deterring the
use of mCDS, all were provided with personal subscriptions
for the software to enable access with minimal effort and al
participated in an induction session where mCDSwas carefully
introduced to them. Irrespective of these specific accessibility
issues, JDs aso cited the general lack of information
communications technology infrastructure asabarrier to active
mCDS use.

Cultural Barriers

Some of the JDs explicitly expressed belief that the use of
mCDS in direct view of patients would be perceived as being
unprofessional. They, therefore, chose not to use devices in
plain view. This concern was also raised in relation to senior
colleagues considering JDS use of their mobile devicein front
of patients or on the ward as being unprofessional. This
dissuaded JDsfrom usingmCDS at and away from the bedside.
Paradoxically, other JDs acknowledged the opportunity for
using mCDS positively and so used mCDS, as they felt it
appropriate and had less concern for the negative views of
others.

Patient Perceptions Toward mCDS

Four kidney patients were interviewed as part of the study.
Patientsinterviewed were all members of thelocal areaKidney
Patient Association. At the time of the study only 4 of their
members were on the ward. The study was not permitted to
approach other patients due to confidentiality reasons.

All patientswere in favor of using technologies such asmCDS
to better inform clinical diagnostic decision making.

http://mhealthjmir.org/2015/3/e80/

Furthermore, all the patients were comfortable with JDs using
the mCDS at the bedside as part of the consultation process if
appropriate to the delivery of care.

| don't mind, I’'m quite happy with that. There's so

many drugs and so many side effects and whatever,

| want them to be as informed as possible, please.

[Patient 3]
Patients acknowledged the complexity of their medical
condition, which comprised multiplelong-term conditions. For
the patients, deciphering the condition that contributed to their
presenting problem was not obvious. Furthermore, patients
believed that prescribing medication and avoiding drug
interactions required JDs in the absence of clinical experience
to seek support from avariety of sources such as mCDS.

Patients believed accessing mCDS was equivaent to asking
senior cliniciansfor the answer when making aclinical decision.

When the doctor says to you, “I've got to go and
consult asenior;,” we exactly know what they’ re going
to do. It's the same thing. Otherwise they say to you,
“|1 haveto go and look it up.” [Patient 1]

Patientsal so felt reassured that JDs sought to use mCDS in their
clinical diagnostic decision making, rather than make decisions
without some form of support in a setting of uncertainty.
Furthermore, patients believed that the comfort with using
mCDS in the clinical diagnostic decision-making process
communicated something positive about the confidence and
competence of the health care professionals.

...aGP[General Practitioner] that waslooking after
me, he was ready to say, “ | want to check on one or
two things and he would pull them up on his PC.
You can’'t know everything. | think it's reassuring to
know that your physician isn't pompous enough that
it stopsthemfrom genning-up [revising] on something
that they're uncertain about or totally ignorant,
maybe. So I'd rather they do that...I think it's
reasonable to use the tools of the day, and [MCDS
is] one of them. [Patient 4]

Patients stressed the importance of JDsexplaining their intention
for using mCDS prior to doing so. While patients were
supportive of mCDS, all felt that a brief explanation of the
rationale for using mCDS in the consultation was important to
prevent any misappropriation of their behavior, such ashandling

JMIR mHealth uHealth 2015 | vol. 3| iss. 3 |e80 | p.52
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

of devices that could be seen as an intention to use them for
nonwork-related purposes.

If the doctor does have to use a mobile while he's
with the patient, he hasto just tell the patient, “ Listen,
I’m looking up a certain drug, | want to see what it
says about ity and the patient will perfectly
understand that...As long as they explain it, that's
fine. [Patient 1]

If they say, “1I'm just going to use this to just check
on this, because it could have side effects or it could
have something, so, do you mind if | just look at it
now?” That's all they need to do, isn't it?" [Patient
3

Discussion

Descriptive Findings

Thisresearch explored the factorsinfluencing JDs engagement
with mCDS for answering clinical questions when in the
workplace; in addition, we compared the perceived drivers and
barriers held by individual JDs with their usage of the
technology and considered these findingsin relation to patient
perceptions about JDs using mCDS in the workplace.
Surprisingly, of the 16 participants who had the opportunity to
utilize the mCDS through the free, personal subscription, no
interactions were recorded for 7 JDs. As many as 128 (90.1%)
of the interactions were recorded by 5 of the 16 JDs, with a
rangefrom 14 to 43 interactions/JD, indicating alargeindividual
variance. The remaining 14 interactions (10%) were recorded
by the remaining 4 JDs. Of the 9 JDs who did interact with
CDS, 4 interactions were recorded on average/month. An
interesting finding isthat the majority (n=86) of theinteractions
were conducted out-of-hours.

MCDSismore accessibleto the end user at the bedsideto make
clinical decisions, compared with equivalent systems available
on desktop computers. JDswho lack experience are morelikely
to seek information to support clinical diagnostic decision
making compared with clinicians who are more likely to use
experience as a driver for decision making [17,22]. The usage
of mCDS wasinitialy considered low by the research team (4
interactions/month for those who did engage). However, the
engagement of JDsismore than other research which concluded
that bedside use of CDSwas, “feasible and useful in addressing
unresolved clinical questions’ [17]. For example, Phua et al
[17] reported 157 searches by 27 doctors (5 consultants, 2
associate consultants, 4 registrars, 13 medical officers, and 3
house officers) between their study period from September to
November [17]. Nonetheless, these figures do seem to be low
given the number of clinical decisions made in practice. The
barriers identified in this and previous studies provide
explanationsfor thislow engagement which should be addressed
in future research.

At first glance, the attractiveness to using mCDS for JDs may
appear to be when physical presence in the form of senior
support is lacking; however, this study did not confirm this
assumption. In the absence of previous studies exploring the
use of mCDS among JDs, possible reasons for reduced mCDS
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usewhile on-call may include theincreased availability of senior
advice or the perceived lack of time from volume of work. A
previous study identified that JDs found lack of time as a
pervasive barrier to answering their clinical questions with
evidence-based support tools accessible on desktops [23].

Junior Doctors' Perceptions Toward mCDS

Themain barriersto mCDS were anticipated following areview
of conceptual models for explaining technology acceptance by
health care professionas [16,24-27]. These models did not
predict al the barriersidentified in this study. Part of thisis due
to the model variables not including some of the specific
characteristics unique to mCDS. Previous researchers have
criticized the exclusive use of models to explain drivers or
barriers for engagement with technology for this very reason
[28,29]. Although existing models may explain an individual’s
intention to use a given technology such as mCDS, they lack
solutions to overcome context-specific barriers to engagement.
This suggests that the models need to berevisited in relation to
mobile-specific technology in tertiary care.

Individual Barriers

Usahility issues were abarrier to mCDS usein this study. This
supports the findings from other studies in general workplace
settingsincluding health care, which haveidentified screen size
as a particular issue for end users [30,31]. However, some
studies report that doctors prefer smaller devices with better
form function over alarger device that would be easier to read
at work [32], suggesting that usability issues are context specific
and require further research in the heath care setting.
Alternativesto smartphone accessfor improving usability issues
include the provision of tablets; however, other factors such as
the risk of theft in the health care setting need careful
consideration [33].

The extent of mCDS usage outside the workplace rather than
within it has not been extensively reported because research to
explore engagement of technologies has generally taken place
as during work hours [17]. This observation suggests that the
attractiveness of mCDS among JDs was sufficient to encourage
them into accessing the resource away from the workplace,
despite suggesting perceived lack of time was also an issue.
Similarly, the range of aternative sources used for accessing
other CDS systems suggests that it is not the perceived
usefulness of CDSin generd that isof concern. Previous studies
in North America haveindicated that desktop versions are most
widely used among doctorsintraining [34] aswell as established
nephrologists[35]. Alternative sources of information arelikely
to be advocated in some contexts and may form the basis of
individual, institutional, and cultural habits. These practices
may be a barrier for the adoption of mCDS but are not
necessarily problematic for patient safety and decision making.
Rather, CDS should be used to supplement these practices.
Clinical guidelines should be developed locally to advise how
inconsistent information across sources should be resolved.

Institutional Barriers

Although JDs cited that a conflict between local guidelinesand
infformation on commercial software prevented greater
engagement with mCDS, some tools do have functionality for
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clinicians to edit information within the software and achieve
better concordance with local guidelines[36]. Further research
iS necessary to examine whether alternative choices represent
deviations from clinical guidelines or whether the clinical
context in which JDswere immersed in required an aternative
approach.

Despite an induction to the technology at the start and a
group-based review in the middle of the rotation, this study
supports the finding from the wider literature that a perceived
lack of support islikely to inhibit technology use. A literature
review of evidence for measures to support technology
implementation in health care confirms a lack of appropriate
training and technical support as major barriers to engagement
with technology [37]. Poor information technology infrastructure
for new technologies such as Wi-F access is dready a
well-reported barrier for engagement with mCDS by JDs in
other parts of the United Kingdom [38].

Cultural Barriers

The culture of the renal unit emerged in the interviews as a
barrier to JD engagement with the mCDS. This relates to the
use of a personal mobile device on the ward to access mCDS
as being perceived by patients and senior colleagues as
unprofessional or demonstrating inexperience. Conversely,
some of the JDs were not concerned. Previous research has
demonstrated that there can be striking differences between
what individuals consider to be socially appropriate mobile
phone use in particular contexts [39]. Palen et a [39]
demonstrated that behavior and considerations for what is
deemed to be appropriate are modified quickly following
experience. Nickerson et a [40] also reported differences
between what is acceptabl e voice and texting mobile phone use
based on national culture and a user’'s age.

These findings suggest 2 things for future adoption of mCDS
at the bedside. First, if the usage of mMCDSwere normal practice
for al hedth care professionas, these barriers would be
minimal. Second, national culture and age will have an impact
on what is deemed to be appropriate or not. However, given the
sensitive environment of health care, further research should
establish whether or not Palen et al’s[39] and Nickerson et a’s
[40] findings predict what is socially appropriate for mobile
device usein health care. For example, Brady et a [41] reported
that mobile communication devices can be contaminated with
bacteria and as such procedures have to be followed to reduce
contamination or banned in some more critical hospital areas.
If there were a number of publicized episodes of such
contamination, the perception toward mobile device use on
wards and at the bedside would soon decline.

Patient Perceptions Toward mCDS

Degspite the positive feedback from patients about the use of
mCDS by participants, other research suggeststhat patientswho
observe clinicians using mCDS perceive them as being having
poorer diagnostic ability and as demonstrating less professional
awareness compared with clinicianswho do not regularly access
such technologies [42,43]. In their case [42,43], research
involved simulations with undergraduate students playing the
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role of patients; therefore, how well these perceptions generalize
to the beliefs of patientsin real practice isunclear.

Limitations

There are 4 main limitationsto this study. First, the lack of data
attributable to individual users who accessed CDS on desktop
computers limits the true engagement of JDs with CDS to be
evaluated. There is a strong case for enabling greater ease of
access on desktop versions, rather than forcing individuals to
login (and capture their individual user information), which
risks people not using the resource in the first place. Second,
no datawere collected on the use of other online CDS accessed
through the mobile phones. A number of online referencetools
such as Medscape also provide CDS; therefore, the actual
engagement with CDS in the widest sense is likely to be
underreported. Third, the use of mCDS by senior colleagues
was not studied despite the apparent influence of their actions
on the behavior of JDs. Finally, the actionsthat senior colleagues
expect JDsto take when they are uncertain and have unanswered
clinical questions were not identified in this study, although
these appear to influence the behavior of JDs. Thus, these should
be the subject of future research.

Implications

The findings of this study carry a number of implications for
current practice, institutional policy, and further research. The
perceived lack of time cited by JDs for using mCDS raises
guestions about the usage and accessihility to these technologies
at medical school. The need for medical students and JDs to
become more digitaly literate was recognized 20 years ago
[44]. Twenty years later, this study’s findings lend further
support for thiscall. Health care professional s are now working
in an age wherethe medical knowledge doubling timeisrapidly
reducing and predicted to be only 73 days by 2020 [45]. Rather
than sgueezing more new things into undergraduate or
postgraduate curricula, developing traditional communication
skills courses and re-examining the role of digital devices such
as mCDS in the consultation process may seem more
appropriate. Furthermore, over time and with more practice
using mCDS as part of a forward-looking training program,
productivity and quality of patient care could improve, resulting
in benefits for patients, health care professionals, and
organizations [46].

Organizations should carefully consider the reported individual ,
ingtitutional, and cultural barriers before implementing new
technologies such as mCDS, as they otherwise risk little or no
technology adoption by health care professionals. Activetraining
and technical support must be provided to all potential end users,
with protected time set aside to target barriers such as
misconceptions, and give health care professionals the best
chance of engaging with the software. Technical infrastructure
must be evaluated prior to adopting technology such as mCDS
that requires frequent updates to ensure information is up to
date. Without a reliable Internet connection, the sustainability
of technol ogy adoption may be affected detrimentally, ashealth
care professionals may soon abandon technology that is not
reliably available and is potentially out of date. Buy-in from
management and senior clinicians is aso likely to influence
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uptake from JDs and the prevailing beliefs held by clinicians
about new technologies accessible on mobile devices.

JDs engaged with mCDS outside the workplace, despite the
primary function of the technology being a CDS tool for
answering clinical questions at the bedside. Although usability
andin particular screen sizewasreported asabarrier for mCDS
use, alternatives such as tablet computers are potentially
avalable. Clearly, more research is necessary to better
understand the feasibility of providing such devices for the
ward-based setting, given the associated risks such astheft. One
of the main unanswered questions where there is a paucity of
evidence concerns the impact of mCDS or CDS upon patient
care[38]. A multisite study [47] suggested correlation between
availability of a desktop-based version of CDS and a shorter
length of stay with lower mortality ratesfor patients. However,
whilethe effectsin small and nonteaching hospitalswere strong,
the benefits were not as clear in larger teaching hospitals [47].
A large-scale study in the United Kingdom is necessary to
confirm the benefits and assess the nature of impact before
reallocating significant resources to mandate the use of any
innovative CDS systems among JDs in the National Health
Service.

Conclusions

This research explored the factors influencing JD engagement
with mCDS for answering clinical questionsin the workplace.
The usage of mCDS to support clinical decision making was
considered to be positive as part of everyday clinical practice.
However, there are large differences between JDs' usage. This
is attributed to individual, institutional, and cultural barriers
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that must be overcome for mCDS to become a part of clinical
working practice. Individual barriers to engagement include
usability issues such asfinding information hard to read dueto
the small device screen, preferenceto usethemCDS away from
the workplace, feeling pressured to have sufficient time to
engage with the mCDS, and feeling more comfortablein using
more familiar sources of clinical support on the ward. Three
ingtitutional barriers were reported to mCDS engagement,
namely, disagreement between information given by themCDS
and local or national guidelines, alack of support provided to
JDs by the implementation team, and poor Wi-Fi coverage at
the hospital. One major cultural barrier existed, in relation to
JDs' concern for being seen to use the mobile phone while
interacting with patients. Patients, contrary to JDS concerns,
felt great enthusiasm for mCDS to inform and enhance patient
safety, on the assumption that JDs would explain why amobile
phone was being used as part of doctor-patient interaction.

The study observed the implementation of mCDS into clinical
use for JDs and found that engagement among the user group
was low, albeit more than that of similar studies. Many of the
barriersidentified are relevant to theimplementation of all new
technologiesin health care. In particular, 2 barriers (providing
adequate support to JDs and changing organizational cultureto
encourage engagement) are of particular note as these require
change at the ingtitutional level. Two novel findings emerged
from the study, namely, patients reported positive perceptions
of mCDS use throughout patient interactions and the majority
of user engagement with the tool occurred outside of the
workplace environment.
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Abstract

Background: Early mobilization after surgery reduces theincidence of awide range of complications. \Wearable motion sensors
measure movements over time and transmit this datawirelessly, which hasthe potential to monitor patient recovery and encourages
patients to engage in their own rehabilitation.

Objective: We sought to determinethe ability of off-the-shelf activity sensorsto remotely monitor patient postoperative mobility.

Methods: Consecutive subjects were recruited under the Department of Neurosurgery at Columbia University. Patients were
enrolled during physical therapy sessions. The total number of steps counted by the two blinded researchers was compared to the
steps recorded on four activity sensors positioned at different body locations.

Results: A total of 148 motion data points were generated. The start time, end time, and duration of each walking session were
accurately recorded by the devices and were remotely availablefor the researchersto analyze. The sensor accuracy was significantly
greater when placed over the ankles than over the hips (P<.001). Our multivariate analysis showed that step length was an
independent predictor of sensor accuracy. On linear regression, there was a modest positive correlation between increasing step
length and increased ankle sensor accuracy (r=.640, r?=.397) that reached statistical significance on the multivariate model
(P=.03). Increased gait speed also correlated with increased ankle sensor accuracy, although less strongly (r=.444, r?=.197). We
did not note an effect of unilateral weakness on the accuracy of left- versus right-sided sensors. Accuracy was also affected by
several specific measures of apatient’slevel of physical assistance, for which we generated amodel to mathematically adjust for
systematic underestimation as well as disease severity.

Conclusions: We provide one of the first assessments of the accuracy and utility of widely available and wirelessly connected
activity sensors in a postoperative patient population. Our results show that activity sensors are able to provide invaluable
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information about a patient’s mobility status and can transmit this data wirelessly, although there is a systematic underestimation

biasin more debilitated patients.

(JMIR mHealth uHealth 2015;3(3):€78) doi:10.2196/mhealth.3785

KEYWORDS

mobilization; activity tracking; postoperative; physiotherapy; functional recovery; physical therapy; gait; neurorehabilitation

Introduction

Functional recovery refers to improvement in mobility and
independence of activities of daily living (ADL) after
hospitalization for surgery or acute illness. It is awidely used
outcome measure, especialy in postoperative patients and in
thosewith neurological conditions. Mobilizationisacornerstone
of rehabilitation therapy not only in the hospital and acute care
settings, but also at home and in the community [1]. Whereas
close supervision and monitoring generally allow health care
professionals to track improvement in hospitalized patients,
objective measures of recovery in the outpatient setting are
lacking [2]. Novel and affordable physical activity sensors may
finally provide such a measure, but their accuracy in patients
with limited mobility is variable and the protocols for using
them are not standardized.

Early in-hospital mobilization reduces the risk of conditions
related to prolonged bed rest—pulmonary embolism, atelectasis,
pneumonia, decubitus ulcers—and is associated with improved
survival, decreased length of hospitalization, and improved
psychological well-being [3-5]. Not only are many of these
benefits seen in postoperative neurosurgical patients—both
spine and cranial—but also in patients recovering from joint
replacements, cardiac surgery, stroke, breast cancer, and those
in the intensive care unit (ICU) [6-11]. Increased mobilization
in the outpatient setting is associated with improved survival
and functional status, and the degree of mobilization may be
quantified by measures such as gait speed, which itself correlates
with survival [12-16].

Commercially available activity sensors have tremendous
potential to provide this data because recent technological
advances have resulted in devices that are small, wearable,
affordable, and able to relay their data wirelessly via patient
mobile phones or wireless networks at home or in the hospital
[15,16]. Certain sensors contain accel erometers, which measure
physical activity—number of steps taken, distance ambulated,
gait velocity—by calculating body movements in one, two, or
three orthogonal planes[17]. They record continuously for days
toweeksand produce datathat, in turn, may be used to interpret
the duration, intensity, frequency, and variations of the patient’s
physical activity over time. Most significantly, this data can be
collected and analyzed in real time while the patientisin hisor
her home environment.

However, thereislittle consensus on how to use activity sensors
to provide an accurate measure of patient mobility. To address
this issue, we sought to evaluate the usability for remote
assessment and accuracy of a common, widely used activity
sensor to quantify postoperative maobility. We hypothesized that
a wearable motion sensor may vary in accuracy depending on

http://mhealth.jmir.org/2015/3/e78/

whereit is positioned on the patient’ sbody [18] and the patient’s
degree of disability asit relates to gait [19,20].

Methods

Ethical Approval

This study complies with the Declaration of Helsinki. This
research protocol has been approved by the ColumbiaUniversity
Medical Center Institutional Review Board (IRB) (protocol
number AAA-M6702).

Study Population

A total of 27 consecutive subjects were prospectively recruited
from a convenience sample of inpatients under the Department
of Neurosurgery at Columbia University from November 2013
to July 2014. The patient subjects were a median of 3 days
postoperative and were enrolled during their first or second
inpatient physical therapy session provided by the Department
of Rehahilitation and Regenerative Medicine. Of the 27 patients,
20 (74%) were postoperative spine patients (primarily
laminoplasties, laminectomies, and microdiscectomies) and 7
(26%) had had craniotomies for tumors or vascular
malformations. Additional patient characteristics are included
in Table 1 inthe Results section. Inclusion criteriawere patients
who were ambulatory prior to hospitalization, able to follow
commands, and able to ambulate at least 4 meters without
stopping during the physical therapy session. Exclusion criteria
were patients with extrapyramidal disorders, significant visual
impairment, severe and debilitating pain, severe sensory
neuropathies, vestibular dysfunction, and patients under 18
years of age. The study was approved by the Columbia
University Medical Center IRB, and each subject provided
informed consent for participation in the study. Each patient
received full neurosurgical standard of care, and patient health
information used in the study was used in accordance with
Health Insurance Portability and Accountability Act (HIPAA)

privacy policies.

A total of 10 healthy volunteer controlswith no preexisting gait
abnormalitieswere aso included in the study as a comparison.
Their characteristics can aso be found in Table 1.

Instrument

Theactivity sensor used wasthe FitBit Zip (produced by FitBit,
San Francisco, CA). The device records data such asthe number
of stepstaken and the time stamps of when these steps occurred,
and automatically syncs to mobile phones (and other devices)
via Bluetooth. The recorded data is uploaded online to a
user-friendly personalized account, and is easily searchable by
date and time with a resolution of 15-minute time intervals.
FitBit isconsidered one of the leadersin the market of wearable
activity sensors, and at a cost of under US $60, the Zip model
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isfar more affordable than comparable devices[21]. The device
detects movement by using abuilt-in 3-axis accelerometer and,
according to the company, it may be worn in several locations
including on a belt, in a pocket, or over the chest using an
attachable clip. Time is recorded by a built-in clock, which
syncs to the maobile phone to ensure accuracy. The device is
small (25.5x 28 x 9.65 mm), light (8 grams), has 4 to 6 months
of battery life.

Criterion Standard

Two researchers (BT, EB) observed patients during each session
with a physical therapist. Similar to methods used in previous
studies [17], the gold standard for the actual number of steps
was the average of the two values counted by each researcher
using amobile counting app.

Figure 1. Placement of the activity sensor.

Appelboom et al

Procedure With Accelerometer

Researchers

Patients were seen for standard inpatient physical therapy
sessions with alicensed physical therapist and two researchers
for the study. The two researchers were blinded to the type of
surgery and the postoperative day.

Sensor Placement

Four activity sensorswere placed on each patient with one FitBit
Zip at each of the following locations: on the right and left hips
over the anterior superior iliac spine, as suggested by the
manufacturer and by previous studies [22], and laterally over
the right and left ankles (see Figure 1) due to hypothesized
increased detection of movement. The sensors were placed on
each patient immediately before beginning the course at the
O-meter starting line.

Walking Course

Each patient was asked to ambul ate at a self-sel ected pace down
aflat level course that was set up with the O-meter, 4-meter,
and 10-meter lines marked, and then further than 10 meters if
deemed safe and appropriate by the physical therapist. If the
patient walked further, this total distance was also recorded.
Immediately after standing up from bed, the patients were asked
to ambulate to the O-meter starting line, which was alwayswithin
1 meter of the foot of their bed.

Data Collection

Thegold standard number of stepswas counted from the O-meter
to 4-meter line, O-meter to 10-meter line, and the O-meter line
to the total distance if the patient ambulated further. A digital
stopwatch with 1/10-second resolution was a so used to record
the time elapsed during the O-meter to 4-meter and O-meter to
10-meter intervals. The activity sensors recorded the number
of stepstaken for the total distance ambulated, and the reading
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from each of the four was documented. The 15-minute time
interval corresponding to each physical therapy session was
searched on the online account or the mobile app, and the
number of FitBit-counted steps during that time was recorded,;
therewere no overlapping intervals. Controlsfollowed the same
protocol except that they did not ambulate further than 20
meters.

Clinical Variables

Sensor Accuracy

The primary outcome was the accuracy of the sensorsin terms
of mobility assessment, which was assessed by comparing the
total number of steps recorded by each tracker to the total
number of steps counted by the researchers. We aso verified
the time accuracy of the sensor by comparing the recorded
times—available on both the Web interface and mobile phone
app—to those recorded by the researchers.
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Patient Demographics

Recorded information included postoperative day, type of
procedure (ie, spina surgery or craniotomy), postoperative
diagnosis, presence and degree of weakness on standard
neurological exam, age, and gender (see Table 1).

Level of Physical Assistance

To assess the level of physical assistance that the patient
required to safely ambulate, the 6-point, graded Functional
Ambulation Category (FAC) (see Multimedia Appendix 1) was
used, which ranges from a score of O (patient is unable to
independently ambulate) to 5 (fully independent) [23]. The FAC
has been shown to predict ambulation ability in poststroke
patients, and it correlates with other measures of functional
recovery [24]. The FAC was determined in accordance with the
same physical therapist at each session. It was also documented
whether the patient used arolling walker as an assistive device.

Statistical Analysis

Thetotal number of steps counted by the two researchers (gold
standard) was compared to the steps recorded on the activity
sensors using an intraclass correlation coefficient (ICC) [25].
Thiswas performed for the sensors at all four bodily positions,
the average of both ankles together, and the average of both
hipstogether. The ICC wasalso cal culated for subgroups based
on the use of arolling walker, FAC, and step length. To provide
amore detailed analysis of the degree to which sensor accuracy
isaffected, the percent difference of sensor-recorded stepsfrom
the gold standard was calculated in terms of all four sensors,
ankle average, and hip average. One-way analyses of variance
(ANOVAS) were performed to compare the sensor difference
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from the gold standard, using the null hypothesis that the
difference equals 0%. After an approximately normal
distribution was verified, Student's t tests—one sample, paired
sample, or independent samples where appropriate—were
performed to compare the sensor differences from the gold
standard, again using the null hypothesis that the difference
equals 0%, between hips and ankles within the subject groups,
and between subjectsand controls. The chi-sguare test, ANOVA,
Fisher's exact test, independent Student's t tests, and the
Mann-Whitney U test were used when appropriate.

To identify independent predictors of accuracy, a multivariate
model was conducted that included the following variables:
age, gait speed, step length, postoperative day (POD), and
surgical group. All statistical analyses were performed with
SPSS version 21.

Results

Overview

Therewere atotal of 148 motion data points generated from 37
individuals—27 patients and 10 controls—who met inclusion
and exclusion criteriafor enrollment in the study. Characteristics
of the patient subjects are shown in Table 1. The 10 healthy
controls had a median age of 27.5 years (interquartile range
[IQR] 26.3-36.8), average gait velocity of 1.05 m/s (SD
0.83-1.19), and average step length of 0.646 m (SD
0.616-0.679). The devices recorded the correct date and time
of all sessions, each lasting 10 to 15 minutes, with 100%
accuracy. The datawere visible on the mobile phones and were
successfully uploaded online in 100% of cases.
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Table 1. Characteristics of patient subjects (n=27).

Appelboom et al

Characteristic

Median (IQR®, n (%), or mean (SD)

Agein years, median (IQR)

Gender (male), n (%)

Walker used during session, n (%)

Average gait velocity (m/s)b, mean (SD)

Average step length (m)b, mean (SD)

Total distance walked (m), median (IQR)

Total steps ambulated®, median (IQR)

Postoperative day, median (IQR)

Functional Ambulation Category (FAC) d ,N (%)
0

1
2
3
Surgical group, n (%)
Spine
Craniotomy
Weakness (upper and/or lower extremity) €, n (%)
Right-sided only

L eft-sided only
Both

57 (44-68)

13 (48)

14 (52)

0.260 (0.156-0.357)

0.232 (0.169-0.278)
50 (21-62)

184 (127-255)
3(2-5)

1(4)
4(15)
9(33)
13 (48)

20 (74)
7(26)

2(7)
5 (19)
5(19)

8 nterquartile range (IQR).
bCalculated duri ng the 4- or 10-meter walk.
CAs determined by researchers using digital counting app.

9FAC i's ameasure of ambulation on ascale of 0 to 5; see Multimedia Appendix 1 for details.

€Determined by physician on standard neurological exam.

Hip Versus Ankle Accuracy

In the subject group, the ankle sensors were more accurate in
counting steps than the hip sensors when compared to the gold
standard number of steps counted by the observers (ICC .837
vs .326, respectively). This inaccuracy was due to
undercounting, sincethe hip sensors significantly underestimated
the number of steps by -81.4% on average compared to the
-26.1% underestimate seen in the ankle sensors (P<.001) (see
Table 2). In approximately 50% of the subjects, one of the ankle
trackers was accurate to within 15% (-15% to +15%). The
underestimation in the subject group differed significantly from
the respective ankle (P=.01) and hip (P<.001) recordingsin the
control group. Unlike in the subject group, the ankle and hip
sensors in controls did not differ significantly from the gold
standard, and they both had very good accuracy (ICC .890 and
.863, respectively).

Effect of Clinical Variables

Table 2 depicts the effect of the clinical gait variables on ankle
tracker accuracy for the subject group. Although the | CCs appear
comparabl e between the patientswho used arolling walker and

http://mhealth.jmir.org/2015/3/e78/

those who did not, there was a significantly greater
underestimation in the recordingsfor patientswho used awalker
than those without a walker (-45.1% vs -5.6%, respectively;
P=.02) (see Figure 2). All subjects had an FAC < 3, and the
FAC appeared to affect the ankle tracker accuracy. Of the 27
subjects, 13 (48%) had an FAC of 3 (only standby guarding for
potential falls), and 9 (33%) had an FAC of 2 (requiring
assistance with balance or coordination). Whilethe | CCs appear
comparable for those subjects with an FAC of 3 or less, this
was not the case for the mean difference. In the group with an
FAC of 3, mean difference was only +0.78%, versus a
significant underestimation in the more debilitated group with
an FAC<3 which was -51.0% (P<.001). More specificaly, as
shown in Figure 3, there was a significant underestimation in
the group with an FAC of 2 (-46.2%, 95% CI -80.3 to -12.1)
compared to the group with an FAC of 3 (P=.02). Step lengths
>0.232 m were more accurately tracked than step lengths that
were shorter. An ICC of .973 was found for the longer step
lengths compared to .792 in patients whose step lengths were
shorter than 0.232 m. Compared to the gold standard, the smaller
step lengths had asignificant underestimation (-46.4%, 95% ClI
-70.4t0-22.4; P=.001), whereasfor step lengths >0.232 m, the
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mean difference was not significantly different (+3.5%, 95% CI -13.5 to +20.6; P=.65).

Table 2. Intraclass correlation coefficient (ICC) and mean difference compared to the gold standard number of steps as counted by the researchers.

ICC of number of steps (95% Mean difference, P (Student'st test or

Sensor location and patient characteristic Cl) % (95% Cl) ANOVA?®)
Hips—overall .326 (-.214 to .684) -81.4 (-93.2t0 -69.5) <.001P
Ankles—overall .837 (.630t0 .927) -26.1(-43.9t0-8.2) .006
Ankles—without walker .791 (.304 t0 .937) -5.6 (-27.0to +15.8) .58
Ankles—with walker .815 (.193 t0 .947) -45.1(-71.5t0-18.5) .003
Ankles—with walker, with correction factor of .773 (.292 to .927) -17.6 (-57.4t0 +22.2) .57
+50%
Ankles—step length >0.232 m .973 (.902 to .993) +3.5 (-13.5t0 +20.6) .65
Ankles—step length <0.232 m .792 (.288t0 .932) -46.4 (-70.4 t0 -22.4) .001
Ankles—step length <0.232 m, with correction .734 (.238 to .907) -19.6 (-55.5t0 +16.3) .29
factor of +50%
Ankles—FAC®=3 .816 (.377 t0 .945) +0.78 (-20.9 to +22.5) .94
Ankles—FAC=0,1,2 .801 (-.080 to .949) -51.0 (-73.3t0-28.7) <.001
Ankles—FAC=0,1,2, with correction factor of  .803 (.387 to .937) -26.5 (-59.9to +7.02) A5
+50%

8Analysis of variance (ANOVA).

bvaluesinitalics are statistically significant.
Functional Ambulation Category (FAC).

Figure 2. Mean differences in ankle and hip tracker recording in subjects versus controls (left); mean differences in ankle and hip tracker recordings
in subjects with and without arolling walker (right).
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Figure 3. Functional Ambulation Category (FAC) in relation to ankle sensor mean differences from the gold standard.
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To show that the undercounting bias could be adjusted in
patientswith an FAC< 3, step length <0.232 m, and those using
a walker, we added 50% to the original step counts in these
subgroups—the approximate underestimation in each case—and
mean difference from the gold standard improved significantly
(Table 2).

Table 3. Multivariate analysis of predictors of ankle sensor accuracy.

Multivariate Analysis

Table 3 demonstrates the multivariate analysis of clinical
variables that found step length to be an independent predictor
of overal tracker accuracy (P=.03). Figure 4 shows that there
was a modest positive correlation between longer step length

and improved ankle tracker accuracy (r=.640, r?=.397).
Although increased gait speed also correlated with increased
ankle sensor accuracy, the relationship was weaker (r=.444,
r?=.197), and it lost statistical significance when we controlled
for step length in the multivariate analysis.

Variable P
Age .81
Postoperative day (POD) .55
Gait speed 44
Step length 032
Surgical group 75

auesin italics are statistically significant.

There were no significant differences observed between
right-sided and left-sided trackers when comparing subjects
with left-sided versus right-sided weakness. The total distance

http://mhealth.jmir.org/2015/3/e78/
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ambulated also did not significantly affect the accuracy of the
ankle trackers (P=.39).
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Figure 4. Scatterplot of ankle sensor differencesin relation to average step length.
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Discussion

Principal Findings

We assessed the practicality and reliability of wearable,
easy-to-use activity sensorsin patients with limited mobility in
the early postoperative period. Data from the rehabilitation
sessionswere remotely accessible by an online or mobile phone
interface—an unprecedented technology that will provide health
care professionals with the amount, duration, and timing of
patient mobility at home and in the hospital. Although the
activity sensorsaccurately tracked the time and duration of each
session, in terms of step counting, our results highlight that
ankle versus hip sensor placement, along with specific
characteristics of patient mobility—use of an assistive device,
step length, and FAC—affect the devices ability to accurately
reflect patient functional recovery.

Gait Parametersand Comparison to Previous Studies

Asmentioned earlier, mobilization generally improves survival
and functional outcomein awide variety of patients recovering
from surgery, neurological illness, and cancer, but accurately
tracking mobility, especially in the outpatient setting, has been
challenging. A patient’s mobility can be graded by physical
performance measures such as gait speed, which is a function
of age, stature, and strength [26]. Patientswho are more disabled
tend to have slower gait speeds and have a higher risk of
hospitalization and death related to immobility [2,8,12]. In a
large longitudinal study of 34,000 adults, each 0.1 m/sincrease
in gait speed was independently associated with alower risk of
death with a hazard ratio of 0.90 (95% CI 0.89-0.91; P<.001)
[12]. Although our subjectswererelatively functional compared
to many neurology and neurosurgery patients, who are often
very debilitated in the acute period, our study isamong thefirst
to assess the use of commercial, wearable sensors in patients

http://mhealth.jmir.org/2015/3/e78/

with very slow gait speeds (IQR 0.156-0.357 m/s) and limited
mobility. Most other studies have had alower limit of 0.500 to
0.580 m/s[2,9,19] and, therefore, have not provided sufficient
dataon patientsat risk of harmful consequences associated with
decreased gait speed.

Sensor Reliability in Relation to Functional Status

We observed an underestimation of step counts in the less
mobile subject population, likely because these patients tended
to have alower FAC, shorter step length, and need for awalker.
These common clinical characteristics made patients
movements | ess pronounced, which were more difficult for the
sensors to detect—especially those placed on the hips. On the
other hand, the readingsin the control group did not significantly
differ from the gold standard, indi cating that the sensor accuracy
was greater than in the subject group. The higher accuracy in
the control group, who had gait speedsin the normal range[26],
was probably because those individuals had larger, more
pronounced movements during ambulation which were more
easily detected by the sensors. As a result, the placement of
sensors on the hips (as suggested by the company) resulted in
more accurate readingsin controls because of normal, detectable
hip motion that may be less pronounced in recovering patients.
These results were not unanticipated, since the devices are
marketed toward healthy, active individuals. That being said,
wedid note a degree of overestimation in the control group that
was not statistically significant.

The tendency to underestimate in more slowly moving patients
was also observed in a study where sensors undercounted by
19.1% to 32.1% when gait speedswere <0.800 m/s[27]. In one
of the few studies that included patients with slow gait speeds,
it was observed that a specialized, noncommercial sensor was
more accurate in the control group but undercounted in older,
frail stroke patients with gait speeds <0.470 m/s [28]. In our
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study, although accuracy was related to gait speed, there was a
stronger relationship to step length. In patients with astep length
>0.232 m, the sensors were highly accurate compared to the
gold standard (ICC .973, 95% CI .902-.993). Step length is
known to have an effect on clinical characteristics, as it
decreases with age and certain orthopedic injuries, and can
influence postural stability [29]. Asaclinical measure, it remains
understudied compared to gait speed, although the two are
physically and inherently related. Step length, therefore, may
provide another important measure of a patient’s mobility.

Within the subject group, sensor accuracy was strongest in
patientswho were more mobile, including those who ambul ated
without a walker or significant assistance from the physical
therapist and, as mentioned, those with longer step lengths. This
inverse relationship between amount of movement and degree
of undercounting suggests that the sensors underestimate more
as a patient’'s mobility and functional status worsen. The
relationship between decreased accuracy of other accelerometers
and poorer functional status, such asin patientswith congestive
heart failure and chronic obstructive pulmonary disease (COPD),
was noted in a systematic review on the validity of activity
sensors in patients with chronic disease [21]. Decreased
mobility, in turn, is associated with poorer outcomes as
described earlier. For this reason, a reliable assessment of
mohility in this patient population is needed in order to monitor
recovery and detect a decline in health that would require
intervention.

Limitations

Some limitations of this study should be mentioned. Since this
was a pilot study, our sample size was 27 subjects, athough
this is in the range of comparable previous studies
[17-19,27,29,30], and we found a large effect size. Our data
also had higher resolution than would be expected from the
sample size because it included 148 readings from the sensors.
As with previous studies, there was the possibility of human
error in step counting, although this remains the gold standard.
It may be stated that our results are less generalizable because
all subjects were neurosurgical patients with postoperative gait
impairment, but patients with preexisting gait disorders were
excluded, and we found no effect of unilatera weakness on
sensor accuracy. Since there is variation in the technology and
software used to detect physical activity, measurements among
sensors are not necessarily consistent with each other, and for
this reason we only used one type of device. Regarding the
device which was used in the study, FitBit Zip, it should also
be mentioned that it has not yet been approved for medical
purposes. It is only a matter of time, however, until wearable,
commercialy available activity sensors are used to improve
patient care, as these sensors are far more affordable than
comparable devices and have the potential for widespread use
[21].

Conclusions

In conclusion, activity sensors generate low-cost data on patient
recovery in the hospital and in the home environment. We have
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shown that they are able to remotely monitor patient activity,
although our results demonstrate that in order to develop
research protocols which use activity sensors to reliably track
patient mobility, the suitability of the sensors needs to be
individually determined, as suggested by previousauthors[31].
The technical characteristics of the accelerometer must be
considered, and care must be taken when interpreting the results
of data recorded on the devices. Additionally, in patients with
limited mohility, one must clinically and mathematically account
for certain factors—FAC, step length, use of assistive device—in
order to use wearable sensors asameans of accurately ng
the degree of disability. The positioning of the sensor should
also be carefully considered depending on the degree of
to-and-fro movements. Our data may be utilized to determine
the best way to standardize the use of activity sensors, and
eventually provide the missing outpatient data needed to assess
functional recovery.

Future Directions

Since impaired ambulation and limited mobility may occur in
a wide variety of other diseases [12]—cardiovascular,
pulmonary, muscul oskel etal—wearabl e sensors have extensive
potential across a broad range of medical fields. With the
determinants of accuracy that we have outlined, sensors may
soon be used not only by health care professionalsto supplement
acute care, but also by patients at home after discharge. Patients
can wirelessly track their own recovery and mobility using
feedback provided on the display screen of certain wearable
devices, which provide real-time snapshots of activity
level—number of steps taken, calories burned, and distance
covered. This would allow patients to engage in their own
recovery by aiming to achieve certain activity goals [32,33],
and they may be further motivated to do so with the knowledge
that they are being remotely monitored by their health care
provider. In this manner, the activity sensors may prove to be
aform of therapeutic intervention which promotesimprovement
in mobility and independent function [34,35]. In effect, reliable
use of activity sensors will not only add to the repertoire of
inpatient physical therapy measures, but will aso provide
much-needed longitudinal datato track patients asthey recover
in the outpatient setting. It will be possible for health care
professionals to log on to a Web portal and see not only the
trends of a patient’s mobility over the course of weeks to
months, but also the minute-to-hour variations in activity
throughout the day from which bed rest or inactivity could be
inferred. In fact, a similar accelerometer has been used to track
patients for several days after having received cardiac surgery
[36]. Using information from our research, future studies will
be ableto develop areliable protocol for using wearable sensors
and enroll patients on a large scale. Outpatient data from the
sensors could then be compared to avariety of standard outcome
measures such as the Modified Rankin Scale, Barthel Index,
and quality-of-life scales.
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Abstract

Background: Overweight and obesity, dueto a\Westernized diet and lack of exercise, are serious global problemsthat negatively
affect not only personal health, but national economies as well. To solve these problems, preventative-based approaches should
be taken rather than medical treatments after the occurrence of disease. The improvement of individual life habits, through
continuous care, isthus a paramount, long-term treatment goal. This study describesthe effects of ubiquitous health care (uHealth
care) or SmartCare services in the treatment of weight loss and obesity.

Objective: Theaim of thisstudy isto evaluate the effect of SmartCare services on weight |oss compared to the effects of existing
outpatient treatments in obese patients with metabolic syndrome.

Methods: Metabolic syndrome patients who met the inclusion/exclusion criteria were enrolled in the study and randomized
into an intervention or control group. The intervention group was provided with remote monitoring and health care servicesin
addition to the existing treatment. The control group was provided with only the existing treatment. Pedometers were given to
all of the patients. Additionally, mobile phones and body composition monitors were provided to the intervention group while
body weight scaleswere provided to the control group. The patientsvisited the hospitalsat 12 and 24 weeksfollowing the baseline
examination to receive efficacy and safety evaluations.

Results: Mean weight reduction from baseline to week 24 was measured as a primary efficacy evaluation parameter and was
found to be 2.21 kg (SD 3.60) and 0.77 kg (SD 2.77) in the intervention and control group, respectively. The intervention group
had alarger decrement compared to the control group (P<.001). Among the secondary efficacy evaluation parameters, body mass
index (BMI) (P<.001), body fat rate (P=.001), decrement of waist measurement (P<.001), and diet habit (P=.012) improvement
ratings from baseline to week 24 were found to be superior in the intervention group compared with the control group. The
proportion of patients whose body weight decreased by =10%, lipid profiles, blood pressure, prevalence of metabolic syndrome,
change in the number of metabolic syndrome elements, smoking rate, drinking rate, and physical activity were not statistically
significant between the groups.

Conclusions: The efficacy of SmartCare services was confirmed asthe intervention group that received both SmartCare services
and the existing treatment had superior results compared with the control group that only received the existing treatment.
Importantly, no specific problems with respect to safety concerns were observed. SmartCare service is thus an effective way to
control the weight of obese patients with metabolic syndrome.
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Introduction

Obesity increases the prevalence of diabetes mellitus type 2,
metabolic syndrome, cardiovascular diseases, and the mortality
rate [1]. Metabolic syndrome is a condition in which various
cardiovascular and metabolic risk factors are simultaneously
present because of insulin resistance, obesity, and other factors,
causing cardiovascul ar diseases, the main causes of death [2,3].
The specific cause of metabolic syndrome is unknown, but it
isimportant to control body weight because obesity and insulin
resistance are suspected to be fundamental causes [4,5].
Furthermore, asubstantial amount of research has reported that
the occurrence of diabetes or macroangiopathy, acomplication
of diabetes, can be reduced by actively losing weight at the
beginning of the disease, reinforcing theimportance of reducing
body weight and body fat through life habit improvements [2].
Obesity has been reported as the most important factor
associated with metabolic syndrome. Therefore, it is necessary
to recognize obesity as an individual disease and to treat it as
such [6]. In 2014, the World Health Organization (WHO)
reported that more than 1.9 billion adults, 18 years and older,
were overweight. Of those, over 600 million were obese.
Worldwide, the proportion of adults with a body mass index

(BMI) of 225 kg/m? increased between 1980 and 2013 from
28.8% to 36.9% in men, and from 29.8% to 38.0% in women
[7]. According to the Korea National Health and Nutrition
Examination Survey (KNHANES), a domestic epidemiologic
survey performed by the Ministry of Health and Welfare,
national obesity prevalence increased from 26.9% in 1998 to
32.0%in 2011 [8].

With the population aging and standards of living increasing,
interest in personal health is on the rise. With respect to the
advent of a ubiquitous eraof advanced information technol ogy,
thefield of ubiquitous health (uHealth) care, whereinformation
technology is combined with medical technology, isconsidered
to be the new high-value industry of the future. uHealth care
refers to the medical service that provides disease prevention,
diagnosis, treatment, and care anytime and anywhere without
physically visiting a hospital. In contrast to current medical
concepts, which emphasize care and treatment after the onset
of disease, uHealth care, a ong with the advancement of modern
medicine, hasthe potential to discover and treat diseasesin their
early phases through pre-diagnosis and prevention [9]. Thus,
uHealth careis devel oping into abroad concept with long-term
sustainability for healthy living dueto theimproved quality and
efficiency of medical services.

To prevent and control obesity, an exercise and diet intervention
is necessary. Among a number of intervention strategies, a
comprehensive body weight control strategy conducted on entire
populations is effective in reducing medical costs and the

http:/mhealthjmir.org/2015/3/e83/

economic burden of obesity [5,10-13]. Attempts to manage
exercise and diet intake, the two key goals for weight loss, in
real-time have been performed with limited means through
phone, email, and short message service (SMS) text messaging
[14-16]. However, as mobile phones became more prevalent
and apps with concepts from uHealth care were introduced,
studies were conducted that continued to develop and evaluate
the efficacy of mobile phone-based apps [17-20].

This clinical trial was planned as a multicenter, randomized,
parallel, and open-label study to evaluate the effect of uHealth
care service (hereinafter referred to as SmartCare) on weight
loss in obese patients with metabolic syndrome. A 24-week
randomized controlled trial was conducted to determine whether
SmartCare would be more effective in treating metabolic
syndrome compared with the standard care in the hospital.

Methods

Recruitment

Of the male and female subjects aged =20 who visited one of
the two general hospitals (Seoul National University Hospital
and Severance Hospital) in Seoul, obese patients with metabolic

syndrome were recruited. Thosewhose BMI was =25 kg/m?and
who met at |east 3 of the 5 following requirementswere defined
to have metabolic syndrome and were recruited as a subject in
thistrial.

According to the Adult Treatment Panel (ATP) I11 criteriausing
waist circumference cut-off modificationsfor Asian populations
as suggested by the Asia-Pacific guidelineg21], metabolic
syndromeisdefined ashaving at |east 3 of thefollowing factors
(1) central obesity (waist circumference =90 cm in men and
>80 cminwomen), (2) hypertriglyceridemia(triglyceride (TG)
=150 mg/dL), (3) high-density lipoprotein cholesterol (HDL-C)
<40 mg/dL in men and <50 mg/dL inwomen, (4) hypertension
(blood pressure =130/85 mmHg or taking antihypertensive
medication), and (5) hyperglycemia (fasting plasma glucose
(FPG) 2100 mg/dL or taking antidiabetic medication).

The WHO Regional Office for the Asia Pacific Region
recommends defining obesity in Asians asthose with aBMI of

>25 kg/m?. The Korean Society for the Study of Obesity also
studied the cutoff of BMI for obesity-related disease [22] and
adopted the WHO-recommended definition. Now, Korean
government organizations officialy use this definition when
defining and implementing health policies regarding obesity in
Korea

Subjectstaking thyroid hormone or anti-obesity medicine, which
can affect weight, insulin-dependent diabetes, patientswith liver
function abnormality (liver somatic index >3 times the normal
maximum level) or renal function impairment (creatinine level
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>1.5 times the normal maximum level), pregnant women, and
inpatients were excluded from this study.

Subjects were recruited through installing institutional review
board- (IRB-) approved banners, posters, and leaflets in the
hospital lobby. Asan incentivefor the registered test participants
(both intervention and comparison groups), al expenses for
medical treatment, medicine, transportation, and communication
(mobile phones) were provided from the national project budget.

Eligible participants were assigned to the 2 groups with equal
probability according to a randomization code. The
randomization code was prepared by a block randomization
method stratified (according to the enrolling clinical centre) by
a statistician in a clinical trial centre (C& R Research, Seoul,
South Korea). This study was an open labelled trial, blinding
was not done.

The Ingtitutional Review Board of Seoul National University
Hospital approved this study (IRB number: h-1009-095-333).

I ntervention Group

Mobile phones for remote monitoring, body composition
monitors (InBody IH-U070B) and pedometers were provided
to the subjects assigned to the intervention group. Each subject
measured his or her own body weight and body composition
using the provided body composition monitor at the same time
every day if possible (a minimum of 3 times per week), and
before breakfast after waking up. After measuring the relevant
values with the body composition monitor, the transmission

Figure 1. Examples of the SmartCare app.
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terminal (Bluetooth) of the remote monitoring device,
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admission information, treatment records, name of diagnosed
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the feedback based on the measured body weight and body
composition to the mobile phones of the subjects according to
the algorithm of the clinical decision support system (CDSS).
The subjects were able to immediately check the interpretations
and recommendations based on their measured values through
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exercise prescriber, and clinical dietitian) in the SmartCare
center provided various health consultations through the
patients' telephone inquiries concerning disease management,
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individual patient’s measured values and life habit records were
sent directly to the patients through the SmartCare system.
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Comparison Group

Body weight scales and pedometers were provided to the
subjects assigned to the control group. Body weight journals
were distributed to the subjects, and each subject self-measured
and recorded his/her daily weight and waist size (a minimum
of 3 times per week) at the same time (before breakfast) using
waist circumference. Also, they wore a pedometer during daily
activities, which started from the time of waking up in the
morning until bedtime in the evening. They were instructed to
check and record their daily walking amount on the record sheet
just before sleep.

Additionally, the subjects in the control group visited the
hospitals on the same schedul e asthat of the intervention group
and received anthropometry, consultationswith physicians, and
information about their nutrition and exercise.

Study Design

The subjects who met the exclusion criteria and were excluded
from the trial included diabetic patients receiving treatment,
patients with diseases that might affect body weight, or those
who continued to take prescribed medications. The selected
subjects were randomized into a control group that received
basicinformation on increasing physical activity and controlling
diet habits, or an intervention group that received remote

Figure 2. Study flowchart and design.

Intervention <—
V1 (-2wk ~ week 0)

-Screening

l

Visit

V2 (Week 0)

-Baseline*

Control Visit

M easur ement

When screening was performed, the demographic information
(age, gender, smoking, drinking, and others), medical history,
and medication history of the subjects were investigated and
recorded. Additionally, an electrocardiogram (ECG) was
performed at the screening visit after resting for at least 5
minutes. When clinically significant test results were observed,
the investigator determined whether to enroll the subject in the
experiment.

Thelaboratory testswere conducted at screening, baseline, week
12, and week 24, and the testsincluded alanine aminotransferase
(ALT), aspartate aminotransferase (AST), creatinine, lipid
profile (total cholesterol, HDL-C, and TG), fasting blood sugar
(FBS), and baseline glycosylated hemoglobin (HbALc).
However, ALT, AST, and creatinine tests were performed only
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monitoring and uHealth care service (SmartCare) in addition
to the existing treatment. Pedometers were given to all of the
patients. Additionally, mabile phones and body composition
monitors were provided to the intervention group, and body
weight scales were provided to the control group.

The equipment (mobile phones, weight scales, and pedometers)
were provided to the patients for free through the fund for the
national project.

The subjects were asked to visit the hospitals 4 times during
the 24-week period. Except when screening was performed,
their body weight, body composition, and blood pressure were
checked. A hematology test was performed and changesin their
life habits (eg, diet intake and physical activity) were checked
3 times during the test period; once on the date the subjects
were randomized, onceinweek 12, and oncein week 24 (Figure
2).

Analysis consisted of 2 group sets: intention-to-treat (ITT) and
per protocol (PP). TheITT set included all of the subjectswho
were enrolled in this clinical trial and were randomized. When
analyzing efficacy, they were included in the treatment group
into which they were randomized, regardiess of the actual
treatment they received. Among the subjects included in the
ITT set, those who completed thisclinical trial without material
breach of the protocol were included in the PP set.

Telemonitoring

V3 (Week 12) V4 (Week 24)

Visit

Visit

at screening to determine trial eligibility. Lipid profiles and
blood glucose tests were performed after fasting.

Weight change was the primary outcome and was evaluated
with percent body fat at baseline, week 12, and week 24 and
measured by nurses using a portable bioelectrical impedance
analysis device (InBody U20, Seoul, Korea).

The level of physical activity was assessed and categorized
using the International Physical Activity Questionnaire (IPAQ)
at baseline, week 12, and week 24. The amount of physical
activity each week was calculated with a continuous variable,
the Metabolic Equivalent of Task (MET) using the following
equation:

Total MET min/week = [walking METsxminxdays] + [moderate
METsxminxdays] + [vigorous METsxminxdays)])
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Concerning the method for measuring the caloric intake
variables, daily meal record cards (3-day recall dietary
assessment) were distributed to the subjects during their initial
visit and the subjects were instructed to write their own 3-day
meal record just before the baseline visit, the next visit after
12weeks, and the final visit after 24weeks. The self-completed
daily meal recordswere collected from the subjects during their
final visit and the dietitian performed the calorie calculation
using the nutrient evaluation program CAN-Pro 3.0 software
(The Korean Nutrition Society, 2006) [23].

Statistical Analysis

Each group initially consisted of 167 subjects chosen using a
5% significance level, 90% power, and estimating the mean
differencein weight change between the 2 groupsto be 1.81 kg
(SD 4.81 and 5.36 kg). Considering a 25% drop out rate, the
final sample size consisted of 223 subjects for each group
(N=446 subjects) [24-27].

Descriptive statisticsincluding the number of observed subjects,
mean, and median (range) of body weight measured at baseline,
week 12, and week 24, and the changes in measured values at
week 24 compared to baseline were presented for each group.
To identify the difference between the groups with respect to
body weight changes at week 24 compared to the baseline,
analysis of covariance (ANCOVA), including the clinical trial
institution and the body weight at baseline as covariates, was
performed.

For continuous data, such as changes in BMI, body fat
percentage, waist measurement, lipid profile, blood pressure,
the number of metabolic syndrome elements, diet intake (kcal),
physical activity, number of stepstaken, and weight to measure
physical activity, descriptive statistics including the number of
observed subjects, mean, and median (range) were presented
for each group. To identify the difference between the groups
at week 24 compared to the baseline, ANCOVA or rank
transformation ANCOVA was performed. When conducting
ANCOVA, the clinicd trial institution and the baseline values
of relevant parameters were set as covariates.

For categorical data including the ratio of the subjects whose
body weights decreased by =10%, the changesin the prevalence
rates of metabolic syndrome and the changes in life habits (ie,
smoking and drinking, the frequency, rates, and 95% confidence
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interval were presented for each group. To identify the
difference in rates between the groups at weeks 12 and 24, the
Cochran-Mantel-Hansel (CMH) test was performed using the
clinical trial institution as a covariate.

To identify the satisfaction level of the subjects (only for
intervention group), the scores of the satisfaction survey items
related to the usage convenience of the devices were measured
at weeks 12 and 24, and descriptive statistics including the
number of observed subjects, mean, and median (range) on the
measured scores were presented.

The adverse events occurring after randomization were collected
and analyzed. The frequency, percentage, and 95% confidence
intervals of the adverse events and serious adverse events were
presented. To find the difference between the groups in the
frequency of adverse and serious adverse events, Pearson’s
chi-squaretest or Fisher’sexact test was performed. The adverse
and serious adverse events were coded according to the Medical
Dictionary for Regulatory Activities (MedDRA) system organ
class (SOC) and preferred term (PT), and the number of types,
frequency, and the number of cases of the coded adverse events
were presented. Additionally, the numbers of adverse events
occurrences and percentages were presented by severity, and a
detailed statement on the serious adverse events was presented.

All analyses were conducted using STATA version 12.1
(StatCorp, Houston, TX) for Windows software. P values less
than .05 were considered statistically significant.

Results

Subject Participation

During the clinical trial, atotal of 661 subjects went through
screening, and 442 of them were identified as subjects with
metabolic syndrome. Subjects were randomized into the
intervention (N=212) or control (N=210) group. Therefore, the
ITT set included atotal of 422 subjects. Because a total of 31
(14.6%, 31/212) subjects dropped out of the intervention group
during the observation period of 24 weeks, 181 (85.3%,
181/212) subjects completed the trial. A total of 57 (27.1%,
57/210) subjects dropped out of the control group, and 153
(72.9%, 153/210) subjects completed thetrial. Thus, the PP set
included atotal of 334 subjects (Figure 3).

JMIR mHealth uHealth 2015 | vol. 3| iss. 3e83 | p.75
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Figure 3. Selection of the study participants.

Ohetal

Enrollment

Assessed for eligibilty (n=561)

Excluded (n=239)

. Mot inclusion  criteria

(n=239)

meeting

Randomized (h=422)

.

1 l

Allocated to intervention (n=2107 /1TT set

« Received allocated intervention (n=210)

l !

Lost to follow-up (give reasons) (n=210)

Discontinued intervention (give reasons) (n= a7}

Y [ Allocation |
Allocated to interventian (n=212) FITT set
+ Received allocated intervention (n=212)

¥ [ FO"OW—UD

b -

Lost to follow-up (give reasons) (n=212)
Discontinued intervention (give reasons) (n=31)

¥ [ Analvsis

| :

Analysed PP set (n=1811/7 PP set

« Excluded from analysis (give reasons){n=0)

Demographic Data and Char acteristics of Subjects
Prior to Treatment

The conditions of the subjects before providing medical service
were compared between groups, including the demographic
information of the subjects included in the ITT set. The mean
ages were 46.78 years (SD 13.11) for the intervention group
and 50.35 years (SD 14.24) for the control group, indicating a
statistically significant differencein the age distribution between
the groups (P=.008). However, there was no significant
difference between the 2 in terms of age groups (P=.269). The
number of male and female subjects in the intervention group
were 113 (53.3%, 113/212and 99 (46.7%, 99/212), respectively.
In the control group, the number of male subjects was 102
(48.6%, 102/210) and the number of female subjects was 108
(51.4%, 108/210) demonstrating no statistically significant
differencein gender distribution between the groups (P=.331).

The mean BMI was 29.42 kg/m? (SD 3.53) for the intervention

group and 29.40kg/m? (SD 3.39) for the control group,
indicating no datistically significant difference in the
distribution of BMI between the groups (P=.934).

With respect to the education level of subjectsin the 2 groups,
136 (64.2%, 136/212) subjects in the intervention group were
“college graduates or higher”, whereas 109 (51.9%, 109/210)
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in the control group were “college graduates or higher”.
Statistically significant differences in education levels were
observed among the“ elementary school graduates’ and “ college
graduatesor higher” (P=.001). Moreover, body weight (P=.343),
height (P=.131), smoking (P=.475), and drinking (P=.726) were
not statistically significantly different between the 2 groups
(Multimedia Appendix 1).

Efficacy Evaluations

Primary Efficacy Evaluation

The body weights at baseline, week 12, and week 24 were
summarized in the descriptive statistics, and the body weight
changes at week 24 compared to baseline were assessed. In the
ITT set, the mean body weights of the intervention group at
baseline and week 24 were 81.13 kg (SD 14.77) and 77.87 kg
(SD 13.99), respectively. The mean body weight at week 24
decreased by 2.21 kg (SD 3.60) compared to the weight at
baseline, which was statistically significant (P<.001). The mean
body weights of the control group at baseline and week 24 were
79.74 kg (SD 15.28) and 77.02 kg (SD 13.33), respectively.
The mean body weight at week 24 decreased by 0.77 kg (SD
2.77) compared to baseline, which was statistically significant
(P<.001). In the comparison between the groups, the mean body
weight change of the intervention group at week 24 compared
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to baseline was significantly higher than that of the control
group (P<.001) (Table 1).

In the PP set, the mean body weights of the intervention group
at baseline and week 24 were 79.93 kg (SD 13.55) and 77.64
kg (SD 13.91), respectively. The mean body weight at week 24
decreased by 2.29 kg (SD 3.62) compared to baseline, which
was statistically significant (P<.001). The mean body weights

Table 1. Changesin weight (baseline versus 24 weeks) inthe ITT set.

Ohetal

of the control group at baseline and week 24 were 77.89 kg (SD
13.68) and 77.02 kg (SD 13.28), respectively. The mean body
weight at week 24 decreased by 0.86 kg (SD 2.84) compared
to baseline, which was statistically significant (P<.001). Asin
the ITT set, the mean body weight change of the intervention
group at week 24 compared to baseline was significantly higher
than that of the control group (P<.001) (Table 2).

Weight, kg Intervention group Control group Between groups P value
Basdine

n 212 209

Mean (SD) 81.13 (14.77) 79.74 (15.28)

Median 79.85 76.90

Min, max 55.20, 144.00 54.00, 141.10
Week 12

n 196 179

Mean (SD) 77.85 (13.46) 76.67 (13.26)

Median 76.85 74.10

Min, max 49.80, 135.70 53.40, 118.10
Week 24

n 196 181

Mean (SD) 77.87 (13.99) 77.02 (13.33)

Median 77.35 75.10

Min, max 50.10, 141.00 53.20, 117.90
ChangeW24 2

n 196 181

Mean (SD) -2.21 (3.60) -0.77 (2.77) <.001°

Median -2.10 -0.70

Min, max -17.00, 5.60 -20.40, 6.60
Within group, P value <.001¢ <.001°¢

8Change W24=week 24-baseline
BANCOVA usi ng the site and baseline weight as covariates
CPaired t test
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Table 2. Changesin weight (baseline versus 24 weeks) in the PP set.

Ohetal

Weight, kg Intervention group Control group Between groups P value
Basdine

n 181 153

Mean (SD) 79.93 (13.55) 77.89 (13.68)

Median 79.10 74.70

Min, max 55.20, 135.40 54.00, 120.10
Week 12

n 181 152

Mean (SD) 77.62 (13.38) 76.61 (13.21)

Median 76.80 74.00

Min, max 49.80, 135.70 53.40, 118.10
Week 24

n 181 153

Mean (SD) 77.64 (13.91) 77.02 (13.28)

Median 76.80 75.00

Min, max 50.10, 141.00 53.20, 117.90
ChangeW24 2

n 181 153

Mean (SD) -2.29 (3.62) -0.86 (2.84) <.001°

Median -2.10 -0.80

Min, max -17.00, 5.60 -20.40, 6.60
Within group P value <.001°¢ <.001°¢

8Change W24=week 24-baseline
BANCOVA usi ng the site and baseline weight as covariates
CPaired t test

Secondary Efficacy Evaluation

Among the secondary efficacy evaluation parameters, BMI,
rate of body fat, decrement of waist measurement, and diet habit
improvement from baseline to week 24 were superior in the
intervention group compared with the control group (body fat
rate P=.001, diet habit P=.012, and others P<.001). In particular,
the mean BMIs of the intervention group in the ITT set at
baseline and week 24 were 29.42 kg/m? (SD 3.53) and 28.33
kg/m? (SD 3.46), respectively. The mean BMI at week 24
decreased by 0.83 kg/m? (SD 1.31) compared to baseline, which
was statistically significant (P<.001). The mean BMIs of the

control group at baseline and week 24 were 29.40 kg/m? (SD

http://mheal th.jmir.org/2015/3/e83/

3.39) and 28.74 kg/m? (SD 2.88), respectively. The mean BMI

at week 24 decreased by 0.28 kg/m? (SD 1.03) compared to
baseline, which was statistically significant (P=<.001). In the
comparison between the groups, the change in BMlIs of the
intervention group at week 24 compared to baseline was
significantly higher than that of the control group (P<.001)
(Table 3).

A similar trend was observed in the PP set (Table 4). However,
theratio of the patients whose body weight decreased by >10%
and the lipid profile, blood pressure, prevalence of metabolic
syndrome, change in the number of metabolic syndrome
elements, smoking rate, drinking rate, and physical activity were
not statistically significantly different between the groups.

JMIR mHealth uHealth 2015 | vol. 3| iss. 3e83 | p.78
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Ohetal

Table 3. Changesin BMI (baseline versus 24 weeks) inthe ITT set.

BMI, kg/m2 Intervention group Control group Between groups P value
Basdline

n 212 209

Mean (SD) 29.42 (3.53) 29.40 (3.39)

Median 28.70 28.90

Min, max 24.90, 46.80 24.90, 41.80
Week 12

n 196 179

Mean (SD) 28.35 (3.25) 28.59 (2.84)

Median 27.85 28.10

Min, max 22.10, 40.10 24.00, 38.90
Week 24

n 196 181

Mean (SD) 28.33 (3.46) 28.74 (2.88)

Median 27.55 28.20

Min, max 22.60, 41.40 23.90, 39.70
ChangeW24 2

n 196 181

Mean (SD) -0.83 (1.31) -0.28 (1.03) <.001°

Median -0.80 -0.20

Min, max -5.80, 2.20 -6.70, 2.40
Within the group P value <.001° <.001°

8Change W24=week 24-baseline
PANCOVA usi ng the site and baseline weight as covariates
“Paired t test
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Table 4. Changesin BMI (baseline versus 24 weeks) in the PP set.
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BMI, kg/m2 Intervention group Control group Between groups P value
Basdline

n 181 153

Mean (SD) 29.18 (3.13) 29.08 (2.90)

Median 28.60 28.80

Min, max 25.00, 41.40 25.00, 39.70
Week 12

n 181 152

Mean (SD) 28.34 (3.23) 28.60 (2.76)

Median 27.80 28.10

Min, max 22.10, 40.10 24.00, 38.50
Week 24

n 181 153

Mean (SD) 28.32 (3.44) 28.74 (2.81)

Median 27.50 28.30

Min, max 22.60, 41.40 23.90, 39.70
ChangeW24 2

n 181 153

Mean (SD) -0.86 (1.32) -0.33(1.04) <.001°

Median -0.80 -0.30

Min, max -5.80, 2.20 -6.70, 2.40
Within the group p-value <.001° <.001°

8Change W24=week 24-baseline
PANCOVA usi ng the site and baseline weight as covariates
“Paired t test

Subject Satisfaction

The convenience of device usage, satisfaction with the
SmartCare center service, and overall satisfaction of the remote
monitoring were determined at weeks 12 and 24, based on a
5-point scalewhere5 corresponded to highly satisfied. At week
12, the convenience of device usage, satisfaction with the
SmartCare center service, and overall satisfaction of theremote
monitoring were found to be 3.54 (SD 1.02), 4.08 (SD 0.86),
and 3.93 (SD 0.86), respectively. At week 24, the satisfaction
with the convenience of device usage was 3.52 (SD 0.99),
SmartCare center service was 4.14 (SD 0.88), and overall
satisfaction of the remote monitoring was 3.92 (SD 0.85).

Safety Results

Therates of adverse eventsin the intervention group and control
group were 14.2% (30/212, 43 cases) and 13.3% (28/210, 40
cases), respectively. The rates of serious adverse events in the
intervention group and control group were 1.4% (3/212, 3 cases)
and 2.4% (5/210, 5 cases), respectively. Due to serious adverse
events, the intervention group showed 1 case of ankle fracture,
and the control group showed 1 case of dislocated vertebra,
stress urinary incontinence, and knee operation.

http://mheal th.jmir.org/2015/3/e83/

After the physical examination, no subject in either of the 2
groups had abnormalities at week 24 after showing no
abnormalities at baseline.

Pulse reduction at week 24 compared to baseline was 2.84
beats/min (SD 10.01) for the intervention group and 0.94
beatsmin (SD 8.47) for the control group. The difference
between the groups was statistically significant (P=.049), but
such a change is considered not to be directly related to
SmartCare.

Discussion

Principal Findings

To the best of our knowledge, this study was the first domestic
government project to estimate the usefulness of SmartCarein
managing chronic disease. Weight decrement after 24 weeks
fromthe baseline, aprimary efficacy evaluation parameter, was
2.21 kg (SD 3.60) for the intervention group and 0.77 kg (SD
2.77) for the control group, and the intervention group showed
ahigher rate of reduction compared to the other group (P<.001).
Among the secondary efficacy evaluation parameters, BMI,
body fat rate, decrement of waist measurement, and diet habit

JMIR mHealth uHealth 2015 | vol. 3| iss. 3 |e83 | p.80
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

improvement ratings after 24 weeks were superior in the
intervention group (body fat rate P<.001, diet habit P=0.012,
and others P<.001). The proportion of patients whose body
weight decreased by >10%, the lipid profiles, blood pressure,
prevalence of metabolic syndrome, change in the number of
metabolic syndrome elements, smoking rate, drinking rate, and
physical activity were not significantly different.

uHealth care, an abbreviation for ubiquitous health care, refers
to a health care medical service in which information and
communication technologies are combined with medicine so
that patients can be provided with prevention, diagnosis,
treatment, and follow-up services anytime and anywhere, even
if they do not directly visit hospitals [28,29]. uHealth careisa
medical service developed to collect real-time health-related
information without limits pertaining to time or location, and
to perform continuous monitoring and treatment to examine
health conditions in advance and prevent diseases, rather than
solely providing treatment after the onset of disease. Because
of the sudden increase in medical costs due to population aging
and the increase of patients with chronic diseases in modern
society, the need for the development of such a service is
increasing, asisthe need to build a cost-effective medical system
and improvethe quality of health and medical treatment services
[30].

This clinical trial was designed in consideration of such
situations. Here, we compared the SmartCare service (UHealth
care) with the existing treatment to evaluate the effect of the
service on body weight, as well as its safety in obese patients
who need constant monitoring.

Overweight and obesity due to a Westernized diet and lack of
exercise are serious problems al over the world and have
adverse effects not only on personal health but also on national
economies. To solve these problems, an approach including
prevention should be taken, rather than relying only on medical
treatment after the occurrence of disease. In addition, long-term
treatments such as improving individual life habits through
continuous care are paramount [31].

Metabolic syndrome is a disease caused by insulin resistance,
whichisusually linked to overweight and obesity. Thus, weight
control isvital for this condition. To lose weight, exercise and
a controlled diet are absolutely important [5,11,32,33].
Practicing diet therapy can cut down on fat aswell aslean body
mass. This drops the basic metabolic rate, easily causing the
yo-yo effect where the patient gains weight even from small
food intake.

Comparison With Prior Work

Various attempts to prevent obesity have been made, including
a case where healthy eating habits and adequate exercise to
maintain reduced weight were carried out in acommunity setting
[34,35]. Cases where competition among members to maintain
healthy lifestyles and to lose weight was encouraged with the
use of aggressive measures have been reported in a timely
fashion with the introduction of telemedicine[9]. However, the
exchange of food and exercise information through the Internet
was found to be more effective in weight loss and maintenance
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than traditiona methods of self-maintenance and

self-management [36].

This clinical trial paired the SmartCare service together with
the existing treatment (intervention group) to only the existing
treatment (control group) and compared the mean change in
body weight at week 24 to baseline between the 2 groups. The
test results showed significantly higher changesin body weight
in theintervention group than in the control group, proving that
the SmartCare service shows higher efficacy when combined
with the existing treatment than when only the existing treatment
was provided. Additionally, we obtained results consistent with
the primary efficacy evaluationin BMI, body fat rate, and waist
measurements, which are directly related to obesity and body
weight. In the satisfaction survey for the SmartCare service,
convenience of device usage, satisfaction with the SmartCare
Center service, and overall satisfaction with remote monitoring,
all received responses of were 'satisfactory’ or 'very satisfactory’
from =50% of the users. Studies conducted in other countries
have found similar results. These studies showed that various
methods implemented to motivate patients to increase physical
activity, control their diets, and maintain healthy life habits
mostly produced positive results [16,20,37-44].

Study Strengths and Limitations

Based on the number of times information was entered on the
mobile phone for diet intake and the amount of exercise, the
subgroup analysis of thisstudy revealed that the scope of weight
loss was considerably increased. Through this revelation, the
level of interest in using uHealth in real-time was found to be
an important variable that can heavily influence the level of
weight loss. The difference between this study compared to
previous studies from abroad i s that the mean age of the subjects
was between the mid-40s to the early 50s, older than the ages
of the subjectsincluded in the other studies. Thus, thisstudy is
meaningful in that it showed that the concept of uHealth is not
the exclusive property of younger generationswho use advanced
devices. It showed that anyone who uses a mobile phone in
modern society could use uHealth accordingly.

However, the fact that highly educated young individuals were
assigned to theintervention group, despite the random selection,
may work as a selection bias when evaluating the effects of
SmartCare. Nonetheless, this research also revealed that the
number of people who failed in the control group was twice
that of theintervention group, thereby suggesting the possibility
that SmartCare increased participants adherence to a weight
loss program compared to weight loss means using traditional
methods.

On the other hand, the rates of the subjects whose body weight
decreased by =10%, lipid profiles (total cholesterol, HDL-C,
low-density lipoprotein cholesterol (LDL-C), and TG), changes
in systolic and diastolic blood pressure, rate of patients with
metabolic syndrome, change in the number of metabolic
syndrome elements, smoking rate, and drinking rate were not
statistically significantly different between theintervention and
control groups. There are a few possible causes for this
observation. First, subjectswith reduced weight during theinitial
phase of the study showed a tendency to have slight increases
in weight towards the latter phase of the study. Second, it is
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difficult to confirm whether eating habits, specifically thecontrol  Conclusions
of caloriesand salt intake, improved compared to the increased
physical activity and weight loss effect. The risk factors of
metabolic syndrome are expected to decrease when the effects
of weight reduction are sustained for along period of time, and
such benefits can be confirmed with alonger research plan for
weight maintenance. Furthermore, if the reduction can be The positive effects of the development of uHedlth on the
quantitatively proved through feedback regarding the controlled  medical field can influence not only health care providers but
salt and total calorie intake to improve eating habits, it may be ~ aso various fields, including health care centers and network
possible to observe the number of metabolic syndrome factors, ~ Operators, can provide medical service anytime and anywhere

such as blood pressure and the change in the lipid profile, of ~ without patients having to visit hospital's during operating hours,
the participants through subgroup analysis. and can provide individually customized service for health

improvement and disease prevention for identical conditionsin
contrast to the usual patient-doctor relationship [45].

Through analyzing obesity eval uation indexes such asBMI and
including weight, body fat rate, and waist measurements, we
found that the SmartCare service is an effective way to control
the weight of obese patients with metabolic syndrome.
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Abstract

Background: Extending contact with participants after the end of aninitia intervention isassociated with successful maintenance
of weight loss and behavior change. However, cost-effective methods of extending intervention contact are needed.

Objective: This study investigated whether extended contact via text message was efficacious in supporting long-term weight
loss and physical activity and dietary behavior change in breast cancer survivors.

Methods: Following the end of an initial 6-month randomized controlled trial of atelephone-delivered weight loss intervention
versus usual care, eligible and consenting intervention participants received a 6-month extended contact intervention viatailored
text messagestargeting arange of factors proposed to influence the maintenance of behavior change. In this single-group, pre-post
designed study, within group changes in weight, moderate-to-vigorous physical activity (Actigraph GT3X+ accelerometers), and
total energy intake (2x24 hour dietary recalls) were evaluated from baseline to end of initial intervention (6 months), end of
extended contact intervention (12 months), and after a no-contact follow-up (18 months) vialinear mixed models. Feasibility of
implementation was assessed through systematic tracking of text message delivery process outcomes, and participant satisfaction
was assessed through semistructured interviews.

Results: Participants at baseline (n=29) had a mean age of 54.9 years (SD 8.8), body mass index of 30.0 kg/m? (SD 4.2), and
were recruited a mean 16.6 months (SD 3.2) post diagnosis. From baseline to 18 months, participants showed statistically
significantly lower mean weight (-4.2 kg [95% CI -6.0 to -2.4]; P<.001) and higher physical activity (mean 10.4 mins/day [95%
Cl 3.6-17.2]; P=.003), but no significant differences in energy intake (P=.200). Participants received a mean of 8 text messages
every 2 weeks (range 2-11) and reported a high rate of satisfaction.

Conclusions: In comparison to interventions without extended contact, results suggest text message-delivered extended contact
may support the attenuation of weight regain and promote the maintenance of physical activity.

(JMIR mHealth uHealth 2015;3(3):€88) doi:10.2196/mhealth.4114

KEYWORDS
weight; physical activity; diet; mobile telephone; intervention; behavior change; maintenance; SMS; mhealth; textmessaging
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Methods

Maintaining ahealthy body weight, engaging in regular physical
activity, and eating a healthy diet are important for reducing
the risk of chronic disease [1-3]. Behavioral lifestyle
interventions are effective at promoting initial weight loss [4]
and supporting physical activity (PA) and dietary behavior
change [5,6]. However, maintaining improvements in these
outcomes is often more difficult to achieve [7,8]. Regain in
weight and relapsesin health behaviors are common following
the end of intervention. Trials indicate an average of 0.3 kg of
weight is regained per month post intervention [9,10], and up
to 50% of initial weight loss is regained within 1 year post
intervention [11]. The challengein maintaining weight loss has
been largely attributed to the failure in maintaining PA and
dietary improvements[12].

Extending contact with participants after an initial intervention
has been found to improve weight loss maintenance [13,14] and
support long-term PA and dietary behavior change [5,15]. A
recent review of extended contact interventions delivered via
telephone or face-to-face contact reported overall average weight
regain was 3.2 kg less than in the corresponding control groups
over approximately 18 months follow-up [13]. However,
extended contact interventions delivered via face-to-face and
telephone can be costly and time consuming [16,17], while
Web-based delivery has been associated with poor participant
retention and engagement [ 18,19]. Maobile phone text messaging
may be an ideal extended contact intervention delivery modality
duetoits cost-effectivenessand ability to provide highly tailored
support to participantsin “real-time” [20,21]. Emerging evidence
supports the feasibility and acceptability [22] and efficacy
[23,24] of providing text message-delivered extended contact
interventions to promote the maintenance of weight loss.
However, no studies to date have explored the efficacy of atext
message-delivered extended contact intervention to promote
longer-term weight loss and associated PA and dietary behavior
change.

This study aimed to assess the feasibility, acceptability, and
efficacy of a 6-month text message-delivered extended contact
intervention on the maintenance of weight loss and PA and
dietary behavior change. This single-group, pre-post-designed
study provided estimates of the effect sizesthat may be achieved
in a text message-delivered extended contact intervention and
an opportunity to explore the rel ationship between text message
dose and changesin weight and behavioral outcomes. The study
aims were addressed in the context of the Living Well after
Breast Cancer feasibility trial—a pilot randomized controlled
trial evaluating a 6-month telephone-delivered weight loss
intervention (versus usual care) for breast cancer survivors.
Participants completing the 6-month telephone-delivered
intervention were invited to receive a further 6-month
intervention delivered via text messages. Long-term changes
in weight, PA, and diet were evaluated within thisintervention
group. The maintenance of weight | oss and associated behaviors
isparticularly important for breast cancer survivorsasincreasing
evidence suggests that obesity, physical inactivity, and a poor
diet quality are associated with increased risk of cancer
recurrence and mortality [25-29].

http://mheal th.jmir.org/2015/3/e88/

Study Design

Participants in the Living Well after Breast Cancer feasibility
trial completed a baseline assessment and were randomized to
theinitial telephone-delivered intervention (n=45) or usual care
group (n=45). Those completing theinitial telephone-delivered
intervention (n=40) were invited to participate in the text
message—delivered extended contact intervention. This sample
size was insufficient to allow further randomization to an
extended contact intervention versus control group. Assessments
were conducted at baseline, 6 months (end of initial
intervention), 12 months (end of extended contact intervention),
and 18 months (end of no-contact follow-up). The Living Well
after Breast Cancer feasibility trial and extended contact
intervention were conducted at The University of Queensland
in Brishane, Australia. Ethical approval was obtained from the
Human Research Ethics Committee of The University of
Queensland and Queensland Health Research and Governance
Unit.

Participant Recruitment

The Living Well after Breast Cancer feasibility trial aimed to
recruit overweight and obese women who had recently
completed treatment for stages|-111 breast cancer [30]. Women
aged 18-75 years who had been diagnosed with stages I-111
breast cancer in the previous 9-18 months and were living within
a 50 km radius of the state capital, Brisbane, were identified
from the Queensland Cancer Registry. Eligible women had a
body massindex (BMI) of 25-40 kg/m?(ie, overweight or obese),
had completed primary cancer treatment (ie, surgery, radiation,
chemotherapy), and could speak sufficient Englishto participate
in the intervention. Women were excluded if they had been
diagnosed with ductal carcinomain situ (stage 0) or with distant
metastatic disease (stage 1V), had a previous diagnosis of
invasive breast cancer, had been diagnosed with any other cancer
in the past 5 years, had contraindications to participating in
unsupervised PA due to poor health or amedical condition, or
self-reported amental health condition that would interfere with
their participation in the study. Women currently using or
planning to use weight loss medications or those who had or
were planning bariatric surgery were also excluded. To be
eligible for the extended contact intervention, participants
needed to own amobile phone and be ableto read atext message
sent to that phone. Those eligible and agreeing to participate
provided written, signed consent for the initial and extended
contact intervention phases.

I nitial Weight L oss| ntervention (Basdineto 6 Months)

Theinitial intervention aimed to promote weight loss through
the combination of increased PA, reduced energy intake, and
behavioral change strategies [14,31]. Intervention participants
were mailed program materials (workbook, self-monitoring
diary, scales, pedometer, calorie counter book) at the start of
the intervention and received up to 16 telephone calls (6 x
weekly calls followed by 10 x biweekly calls) from a coach
using motivational interviewing techniques[32]. Coacheswere
Accredited Practicing Dietitians [30] who received additional
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training in motivational interviewing and exercise promation.
Participants were encouraged to aim for the targets of (1) weight
loss of between 5-10% [33], (2) increasing moderate-vigorous
PA to at least 30 minutes per day (210 minutes per week) [34],
and (3) improving dietary behaviors (reducing energy intake
by 2000 kJ[500 kcal] per day; <30% of total energy intake from
fat; <7% of total energy from saturated fat; 5 servings of
vegetables per day; 2 servings of fruit per day) [35,36].
Participants were provided with a target kilojoule intake
(between 5000-7500 kJday [1200-1800 kcal/day]) based on
their baseline weight and age [37].

Extended Contact | ntervention (6-12 Months)

The extended contact intervention was primarily delivered via
individually tailored mobile phone text messages. The aim of
this phase of the intervention was to promote sustained and/or
ongoing improvements in weight loss and PA and dietary
behavior change from theinitial intervention. The design of the
extended contact intervention was informed by literature on
maintenance of weight loss and behavior change [38-40], a
2-week qualitative, formative study on text message usefulness
and language with the target group (n=8), and Socia Cognitive
Theory [41].

At the start of the extended contact intervention, participants
completed atailoring telephone call with their coach to gather
information to determineindividual preferencesfor the content,
timing, and frequency of text messages. The tailoring call and
the resulting text messages focused on supporting participants
to reach a longer-term (ie, 6 weeks) weight loss/weight
maintenance goal and a short-term (ie, weekly) goal focused
on either PA and/or dietary behaviors. To support participants
to reach these goals, the text messages targeted self-regulation
skillsthrough nine evidence-based strategies[36,42-44]: prompt
SMART (Specific, Measurable, Attainable, Redlistic, Timely)
goal setting, prompt self-assessment of goal attainment, provide
feedback, prompt self-reward, prompt self-monitoring, prompt
relapse prevention, prompt “real-time” planned behavior, prompt
preparatory and planning behavior, and prompt barrier
identification and solutions. Each of these strategies were
discussed with the coach during the tailoring call, and
individual’s responses (eg, self-nominated reward for reaching
goal) were recorded and used to tailor the content of the text
messages. These behavior change strategies were targeted in
five different types of text messages (Table 1).

Message dose (ie, frequency) and timing (ie, day of week and
time of day) were tailored to each participant for each of the
five message types (Table 1).All participants received a
minimum dose of 21 text messages over the 6-month
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intervention, including 12 weight self-monitoring, three goal
checks for weight, three goal resets for weight and, depending
on whether participants chose to focus on PA and/or dietary
behaviors, they also received three goal resets for PA and/or
three for diet (see examples in Table 1). In addition to this
minimum dose, participants could choose to receive additional
messages targeting PA and/or dietary behaviors, including goal
checks (maximum for each behavior n=24) and cuesfor planned
behaviors (maximum for each behavior n=48; Table 1).

The frequency of weight self-monitoring messages was based
on research that supports regular self-monitoring of weight for
long-term weight loss [38]. The frequency of texts for goal
check for weight and goal reset for weight and behavior were
at six weekly intervals to regularly encourage participants to
reflect on the suitability of their SMART goals based on recent
changes. Based on our formative study, the frequency of the
goal checksfor behavior change and cuesfor planned behaviors
were to make regular, but not overwhelming, contact.

Participants were encouraged to reply to goal check messages
for weight, physical activity, and/or diet (Table 1). If participants
responded to these messages, a tailored goal check reply
message was sent (Table 1). When participants replied to agoal
check message in the requested format (ie, yes/no), the software
sent an automatically tailored response. If participants replied
to agoal check message in an unexpected format, the software
was unable to send an automatic reply. In this case, an email
was sent to the research team to manually trigger the correct
reply or, where necessary, individual messages could bewritten
and sent directly to participants if the triggered response was
not appropriate. For example, if a participant reported beingill,
the reply would mirror the preset content but was reworded to
acknowledge the illness and send well wishes. This was done
to ensure that the close rapport devel oped between participants
and their coaches was maintained to ensure the accountability
and “humanness’ of the program was upheld (an important
factor identified in formative research).

Participants were also encouraged to reply to the goal reset
messages (Table 1), and these data were used to update the
tailoring information about their goals, but they did not receive
atailored response. Individually tailored message content and
sending schedules were entered into a Web-based software
program specifically built for this study that interfaced with a
commercial telecommunication gateway through MessageMedia
Pty Ltd to alow the sending and receiving of messages to
individual participants. To ensure message content remained
relevant, participant tailoring information was updated during
a 12-week tailoring telephone call with their coach.
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Table 1. Examples of how self-regulation strategies were targeted across the five different types of text messages.

Text message Strategiestargetedin  Example Minimum dose over 6 Freguency
type thistype of message months
Weight PA Diet Weight PA Diet
Self-monitoring  Prompt self-monitor-  If u havent weighed 12 N/A  N/A  Biweekly N/A N/A
of weight ing yourself in thelast 2
weeks Karen then do
it today! Amy
Goal check Prompt self-assesss How rugoing Karen? 3 0 0 Onceinweeks Maximum 1 per Maximum 1 per
ment of goal attain- Reach ur goal 2 walk 6, 18, 24 week (participant  week (participant
ment 3x30mins? Text me determined) determined)
back yes or no. Amy
Goal check reply  Provide feedback Yes example: Fantas-  Triggered by partici- Triggered by participant’s reply
ticKaren! Regular ex- pant’sreply
Prompt self-reward oy cico il hel p u con-
Prompt rel apse pre- trol ur wei ght Remem-
vention ber 2 buy amagazine
. & reward yourself 4
Prompt “real-time”  yr excellent effort.
planned behavior Amy
Prompt seif-monitor- No example: Don’t
ing worry Karen. Think
about what got in the
Prompt preparalory  \ay g plan 4 it this
and planning benav- et Work around ur
1or barriers 2 achieve ur
Prompt barrier iden-  goals. Amy
tification and solu-
tions
Godl reset Prompt SMART Reflect on ur exercise 3 3 3 Onceinweeks Onceinweeks6,  Oncein weeks 6,
goal setting goasKaren. Eventua- 6, 18, 24 18,24 18,24
ly uwant 2 aim for
7x30mins exer-
cise/week & moreis
better. Text me back
withanew goal! Amy
Cuesfor planned Prompt “real-time”  Want 2feel moreener- N/A 0 0 N/A Maximum 2 per Maximum 2 per
behavior planned behavior gised Karen? Make week (participant  week (participant
time 2 walk 3x30mins determined) determined)

Prompt self-monitor-
ing

Prompt preparatory
and planning behav-
ior

Prompt barrier iden-
tification and solu-
tions

thisweek & feel the
difference. Amy

Data Collection and Outcomes

Feasibility Measures

Feasibility of implementation was assessed in rel ation to uptake
of theintervention (ie, consent rate and characteristics of those
who consented to the extended contact intervention), and process
outcomes related to the delivery of the extended care
intervention (ie, the number of messages sent, the rate of replies
to goal check and goal reset messages, the rate of researcher
intervention required to trigger goal check replies or alter content
of text messages, and the duration of the initial and check-in
telephone calls).

http://mheal th.jmir.org/2015/3/e88/
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Efficacy Measures

Overview

Datawere collected at baseline, 6, 12, and 18 months by trained
research staff. Data collection involved an in-person assessment,
two telephone interviews, and wearing an activity monitor for
a period of 7 days. Intervention participants received printed,
tail ored feedback on weight and behaviora outcomesfollowing
all assessments.

Weight

Weight was measured in duplicate, without shoes or heavy
clothing, using standard calibrated scales (nearest 0.1 kg).
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Physical Activity

Physical activity was measured using atri-axial accelerometer
(GT3X+, Actigraph), worn for 7 consecutive days during waking
hours. Data were used to determine minutes per day spent in
moderate-vigorous PA (counts =1952) [45,46]. Average
moderate-vigorous PA on valid days (ie, 10+ hours of wear)
was then multiplied by 7 to yield aweekly estimate.

Energy Intake

Energy intake was measured using two, unprompted 24-hour
dietary recalls (recalling 1 weekday and 1 weekend day). The
dietary recalls were conducted viatel ephone using FoodWorks
Interview (version 1, 2009, Xyris Software), based on a5-stage
multipass method [47]. Participants were provided with afood
model booklet to assist in portion size estimation and food
guantities. Dietary intake was analyzed using Foodworks
Professional Edition (version 6, 2009, Xyris) nutritional analysis
software to determine total daily energy intake. The average of
energy intake over the 2 recalled days was used.

Participant Acceptability Measures

At the 12-month assessment, participants were invited to
participate in a one-on-one semistructured interview to assess
satisfaction with the extended contact intervention. A 5-point
Likert scale was also used to assess the helpfulness of the text
messages (from 1 “very unhelpful” to 5 “very helpful”).

Statistical Analyses

The sample size for the extended contact intervention was
determined by the number of participants completing theinitial
intervention (n=40). Data analysis was performed using SPSS
for Windows (version 21), and statistical significance was set
at P<.05 (two-tailed). Changes from baseline at 6, 12, and 18
monthsfor each outcome are reported. Change scores (follow-up
minus baseline) had approximately normal distributions.
Changes from 6 to 12 months and from 12 to 18 months are
also reported. Datawere analyzed, separately for each outcome,
using linear mixed models, with random intercepts for each
subject to account for repeated measures. Modelsincluded time
(baseline, 6, 12, or 18 months) and adjusted for baseline val ues,
age, income, time since diagnosis, and chemotherapy treatment.

http://mheal th.jmir.org/2015/3/e88/

Spark et a

These latter variables were included to correct for observed
changes in group composition between 6, 12, and 18 months
caused by dropout [48]. Thismethod was used to handle missing
data rather than baseline-value-carried-forward, which can
overstate maintenance by not allowing participants who drop
out to experience any decline (or gain). The association of dose
of number of text messages received (treated as a continuous
variable) with change in weight and PA and diet from baseline
was examined by adding this variable to the linear mixed
models. Process outcomes were evaluated descriptively.
Participant acceptability was determined through semistructured
interview questions, and thematic analysis of the qualitative
interview data followed a systematic and iterative process[49].
Thistechniqueinvolved identifying major themes and categories
from each participant and then examining common and
uncommon themes across the complete dataset.

Results

Feasibility Outcomes

Participant Recruitment and Characteristics

Figure 1 shows the flow of participants through the study. A
total of 45 women were randomized to the initial intervention,
with 40 (88%) completing the 6-month assessment. Of these
women, 36 were eligible to participate in the extended contact
phase and 30 (83%) consented to participate, with one
participant later becoming ineligible due to a recurrence.
Twenty-five (86%) extended contact intervention participants
completed the 12-month assessment, and 23 (79%) completed
the 18-month assessment.

Participants at baseline had a mean age of 54.9 years (SD 8.8),
aBMI of 30.0 kg/m?%(SD 4.2), and were recruited a mean 16.6
months (SD 3.2) post diagnosis and 7.1 (1.4) months post
treatment completion (Table 2 [50]). Compared to participants
who completed all follow-up assessments (n=23), participants
who withdrew (n=6) were more likely to be younger (mean 56
yearsvs 49 years), have alower BMI (mean 30.5 kg/m?vs 28.2

kg/m?), be employed (65% vs 100%), and were less likely to
have a high household income (32% vs 17%).
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Figure 1. Flow of participants from baseline to the final 18-month assessment.
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Table 2. Baseline characteristics of participants who consented to the extended contact intervention (n=29).

Characteristics

Mean (SD) or % (n)

Ageinyears
Weight in kg
BMI, kg/m?
Timein months
Since diagnosis
Since treatment
Caucasian
Married/living together
High household income (>AU$2391+/wk)2
Education
Completed high school
Completed tertiary education
Employed (full-time, part-time, casual)
Post-menopausal
Stage
Stagel
Stage I1-111
Treatment
Mastectomy
Chemotherapy
Radiation
Endocrine therapy

54.9 (8.8)
81.8 (13.1)

30.0 (4.2)

16.6 (3.2)
7.1(1.4)

97% (28)
83% (24)

28% (7)

76% (22)
34% (10)
72% (21)
59% (17)

48% (13)
52% (14)

38% (11)
62% (18)
79% (23)
69% (20)

3Household income of >AU$2391+ / week is within the top two quintiles based on the Australian population [50].

Extended Contact | ntervention Process Outcomes

Participants chose to receive text messages focused on both PA
and diet (n=12), or focused only on PA (n=11) or diet (n=6).
Completing participants (n=25) received an average of 74 (range
25-135) text messages over the 6-month intervention. This
equated to an average of approximately 8 text messages every
2 weeks (range 2-11), typicaly consisted of one weight
self-monitoring, three cues for planned behavior, two goal
checks, one tailored goal check reply, and one goa reset.
Overall, participants replied to every two in three goa check
messages (67% response rate), and every onein five goal reset
messages (20% responserate). Lessthan half of the overall goal
check reply messages were automatically sent to participants
(41%), with researcher intervention required most of the time
to either trigger the appropriate “yes’ or “no” goal check reply
(36%) or alter the content of the message to be appropriate to
the participant reply (23%).

The initial telephone consultation with the coach lasted 22
minutes on average (minimum-maximum:; 11-40 minutes). The
12-week check-in telephone call lasted 16 minutes on average
(minimum-maximum: 8-31 minutes), and 88% of participants
(n=22) used this call to update their goals or ater their text
message content. The requested changes during this call were

http://mheal th.jmir.org/2015/3/e88/

mostly to change the behavioral focus of messages (eg, from
PA- to diet-focused; n=3), or to increase (n=2) or decrease (n=2)
the frequency of messages received. Two participants were not
able to be contacted to receive a 12-week check-in telephone
call, and their tailoring information remained the same for the
full 6 months.

Efficacy Outcomes

Weight

Overadll, mean weight at 6, 12, and 18 months was statistically
significantly lower than baseline (Figure 2; Multimedia
Appendix 1). There was asmall but non-significant increasein
weight during the extended contact intervention (1.3 kg [95%
Cl -0.5t03.1]; P=.211), with weight remaining relatively stable
over the no-contact follow-up period (-0.1 kg [95% CI -1.9 to
1.8]; P=1.000). Participants lost a mean of 6.8% (95% ClI
4.7-8.8) of baseline weight during the initial intervention and
regained 1.6% (95% ClI -0.6-3.8) of baseline weight (23.5% of
initial weight lost) during the extended contact intervention. At
18 months, participants had statistically significantly lower
mean weight (-4.2 kg [95% CI -6.0to -2.4]; P<.001) compared
to baseline and on average had lost 5.2% (95% CI 3.0-7.4) of
body weight.
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Figure2. Changeinweight (kg) from baseline (BL) to 6 months (6M), 12 months (12M), and 18 months (18M) follow-up.
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Physical Activity

Participants significantly increased their moderate-to-vigorous
PA from baseline at 6 and 18 months (Figure 3; Multimedia
Appendix 1). Physical activity at 12 months was not
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significantly different to baseline. Physical activity decreased
but not significantly during the extended contact intervention
(-6.1 mins/day [95% CI -14.9 to 2.8]; P=.260) and increased
but not significantly during the no-contact follow-up (7.8
mins/day [95% CI -1.6 to 17.2]; P=.132).
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Figure 3. Changein physical activity (mins/day) from baseline (BL) to 6 months (6M), 12 months (12M), and 18 months (18M) follow-up.
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Diet statistically significantly, during both the extended contact
intervention (364 kJ/day [95% CI -609 to 1338]; 87 kcal/day

Participants significantly decreased their energy intake from  [950 CI -146 to 320]; P=.735) and the no-contact follow-up

baseline at 6 months and 12 months (Figure 4; Multimedia (416 kJ/day [95% CI -620 to 1451]; 99 kcal/day [95% CI -148

Appendix 1). Energy intake at 18 months was not significantly  to 347]; P=.690).

different to baseline. Energy intake increased, but not
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Figure 4. Change in energy intake (kJ/day) from baseline (BL) to 6 months (6M), 12 months (12M), and 18 months (18M) follow-up.
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Text Message Dose

Each additional text message received per week was associated
with 9.5 minutes per day (95% CI 3.1-15.8; P=.004] more PA
at 18 months. There was no significant association between
weekly text message dose and change in weight (1.3 kg [95%
Cl -0.3t0 2.8]; P=.098) or change in energy intake (279 kJ/day
[95% CI -157 to 716]; 67 kcal/day [95% CI -37 to 171];
P=.198).

Participant Acceptability Outcomes

Of the 25 participants completing the extended contact
intervention, 80% reported the extended contact as either “very
hel pful” (6/25, 24%) or “helpful” (14/25, 56%), and 20% (5/25)
reported the extended contact as“ neither helpful nor unhelpful”.
Themajority of women reported in the semistructured interviews
that the text messages primarily served asaprompt or reminder
for a specific behavioral cue to action, fostered accountability
to keep on track, and that the text message content was
sufficiently personalized. Overall, participants highly valued
the goa check reply messages and the 12-week check-in
telephone call as they provided a “human” element of contact
important for ongoing feedback and accountability.

Discussion

Principal Considerations

The am of this study was to explore the feasibility,
acceptability, and efficacy of a6-month text message—delivered

http://mheal th.jmir.org/2015/3/e88/
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extended contact intervention in promoting the maintenance of
weight lossand PA and dietary behavior changein breast cancer
survivorswho completed an initial 6-month telephone-delivered
weight loss intervention. Overal, results suggest extended
contact may have helped to attenuate weight regain and promote
themaintenance of long-term changein PA. Thehighly tailored
text message—delivered extended contact intervention was also
feasibleto deliver and acceptable among this sample of primarily
older breast cancer survivors.

Importantly, mean weight at 18-months follow-up was
significantly lower than at baseline (approximately 5.2% of
initial body weight loss). Evidence from a large number of
previous weight loss trials suggests that average weight regain
following an intervention is in the order of 0.3 kg per month
post intervention [9,10] or approximately 50% of weight lost
is regained within 12 months post intervention [51]. In
comparison, the magnitude of weight regain observed herewas
considerably less (approximately 0.1 kg per month or 23.5%
regain of initial weight loss over a12-month period). This study
adds to the limited evidence to date on the efficacy of text
messaging to support weight oss maintenance.

Donaldson et al [ 23] examined a3-month text message-delivered
extended contact weight loss intervention following an initial
3-month face-to-face weight loss intervention, finding that it
resulted in an additional 1.6 kg weight loss at the end of the
extended contact intervention compared to a regain of 0.7 kg
weight regain in the no-contact control group [23]. A 1-month
text message-delivered behavior change intervention following
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acommercially available weight |oss program reported 87% of
participants regained less than 3% of initial weight loss at
3-months follow-up [24]. However, these studies focused on
relatively short-term mai ntenance outcomes making comparison
with outcomes here difficult [23,24]. Together, these findings
provide emerging support for the use of text messaging to
deliver extended contact interventions to promote weight loss
maintenance.

Reporting on changes in PA and energy intake (the behaviors
that underpin weight loss maintenance) following extended
contact interventions has been limited. Overall, studies suggest
that changes in PA are largely maintained at the end of an
extended contact intervention [9,52-57], but maintenance of
dietary behavior change appears more challenging [9,56,57].
Contrary to these previous findings, PA in this study had
relapsed by the end of extended contact but rebounded by
follow-up, while the opposite pattern of behavior was observed
for energy intake. This inconsistent pattern of PA and dietary
behavior change to weight change is mirrored in findings from
the broader weight loss maintenance literature [9,56,57].
However, it is important to acknowledge the long-standing
caveat of correlating changes in PA and diet as measured at a
single point in time with more cumul ative changes in weight.

Determining significant dose-response relationships between
text message dose and behavioral outcomes may help inform
the devel opment of future extended contact interventions. Every
additional text message received per week in this study was
associated with a mean increase of more than 1 hour of PA per
week at follow-up. This suggests the dose of extended
intervention contact received may influence the maintenance
of long-term behavior change outcomes but has yet to be
examined in other studies. A larger scaleintervention that allows
personalized tail oring could examine the minimum dose of text
messages received whereby a significant maintenance effect is
no longer observed.

The acceptability of the delivery modality to the target group
also influencesintervention success[7]. Consi stent with findings
from previous studies expl oring text message-delivered extended
contact interventionsto promote the maintenance of weight loss
and behavior change [22,23], satisfaction ratings were high.
Notably, the intervention completion rate was higher than
previously reported in ayounger popul ation (86% vs 58%; [23]).
Thisis promising given skepticism regarding the suitability of
text message-delivered interventions in older adults [58].

Participants received a wide range of text message doses, and
this reflects the feasibility to deliver ahighly tailored extended
contact intervention. Participant engagement with replying to
messages was high, although researcher intervention was often
required to provide suitably tailored feedback. Future text
message-delivered extended contact interventions should
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integrate more sophisticated software and programming
approaches, such asthose applied in mobile phone app behavior
change tools to improve automation while maintaining a high
level of participant tailoring [59,60]. However, our qualitative
findings suggest that technology-driven interventions should
maintain an element of “human” connection to foster ongoing
participant satisfaction and accountability. A highly automated
text message-delivered extended contact intervention may
therefore need to be supplemented with additiona
non-automated contact, such as that delivered viatelephone or
email.

Limitations

A number of study limitations should be considered in
interpreting the results. This study was largely exploratory as
it was not feasible to re-randomize participants following the
initial intervention due to the small sample size in the larger
trial in which this study was embedded. Thus, comparison to a
true control group was not possible. Establishing intervention
acceptability among an older population group such as breast
cancer survivors is a strength of the study but may also limit
the generaizability of results to broader populations.
Measurement error may have contributed to differences in
patterns and magnitude of behavioral outcomes. Comparisons
of behavior change outcomesto previousliterature were difficult
dueto thelimited number of studiesthat report post-intervention
behavioral outcomes. This highlights the importance of future
studies including post-intervention assessments to further
examine how patterns of behavior change may influence weight
loss maintenance.

Conclusions

In summary, findings from this study support the feasibility,
acceptability, and provide preliminary evidence on efficacy of
a text message-delivered extended contact intervention to
promote the maintenance of weight loss and PA among a
predominately older female subgroup. There is a growing
evidence base supporting the utility of text messaging as an
intervention delivery modality [20,21,61,62], with this study
being thefirst to report on outcomes of atext message-delivered
extended contact intervention to support long-term maintenance
of weight loss and behavior change. Results suggest providing
extended contact via text messaging after an initia intensive
weight loss intervention may help attenuate weight regain and
promotelong-term physical activity behavior change compared
to what otherwise would be observed without extended contact.
Randomized controlled trials with larger and more diverse
samples are needed, along with comparative effectiveness and
cost-effectiveness trials comparing text messaging with other
delivery modalities that might be suited to extended contact
interventions (eg, mobile phone apps).
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Abstract

Background: Cognitive impairment is common in people with neurological diseases and severely affects their socia and
professional life. It has been shown that intensive and personalized cognitive rehabilitation (CR), based on working memory
exercises, leadsto improved cognitive status of healthy and cognitive-impaired subjects. New technol ogieswould help to promote
accessible, at-home, and self-managed CR interventions.

Objective: The aim of this paper is to describe the design of Cognitive Training Kit (COGNI-TRACcK), an app for mobile
devices, to self-administer an at-home, intensive, and personalized CR intervention based on working memory exercises, and test
its disposability-to-use (usability, motivation to use, compliance to treatment) on cognitive-impaired patients with multiple
sclerosis (MS).

Methods: COGNI-TRACcK includes user-friendly interfaces for persona datainput and management and for CR intervention
configurations. Inner routines automatically implement adaptive working load algorithms and allow data processing and analysis.
A dedicated team developed COGNI-TRACcK with C# programming language, by using the platform Xamarin Studio 4.0.10 for
Android (APl level 15 and following). Three exercises based on working memory are now available. To assess the
disposability-to-use of the system, patients with MS were selected as likely users due to the young age of disease onset.
Cognitive-impaired patients with MS (N=16) with a mean age of 49.06 years (SD 9.10) and a mean score of 3.75 (SD 1.92) on
the Expanded Disability Status Scale (EDSS) were submitted to an 8-week at-home intervention administered by the app. The
intervention consisted of 5 daily scheduled 30-minute sessions per week. Disposability-to-use of COGNI-TRAcK wasinvestigated
by means of a questionnaire administered to patients at the end of the training.

Results. The adherence to the treatment was 84% (33.4/40). Of the patients with MS, 94% (15/16) understood the instructions
given, 100% (16/16) felt independent to use COGNI-TRACcK at home, 75% (12/16) found the exercises interesting, and 81%
(13/16) found the exercises useful and were motivated to use the app again. Moreover, during the exercises, patients with MS
were highly motivated to perform well (mean score 3.19/4, SE 0.16), experienced rather low levels of stress (mean score 2.19/4,
SE 0.26), were not bored (mean score 1.81/4, SE 0.30), and felt amusement (mean score 2.25/4, SE 0.23).

Conclusions: As COGNI-TRACK is highly usable, motivating, and well-accepted by patients with MS, its effectiveness can
now be investigated. To improve COGNI-TRACcK, new releases should contain more working memory exercises, have enhanced
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perceived amusement, and promote Internet communication procedures for data transfer and fostering remote control of the

intervention.

(JMIR mHealth uHealth 2015;3(3):e85) doi:10.2196/mhealth.4269

KEYWORDS

tablet; mobile phone; mobile device; cognitive rehabilitation; cognitive impairment; working memory; self-management; adaptive

working load a gorithms; usability

Introduction

Cognitive impairment is common in people with neurological
diseases[1,2] and it can del eteriously impact their occupational
profile, social participation, and quality of life [3,4]. The
alleviation of deficits on cognitive functioning isthe main goal
of cognitive rehabilitation (CR), and research should address
the best way to administer CR to patients.

Recently, many studies on CR demonstrated that a training
based on working memory produced relevant positive effects
on cognitive status[5]. Working memory isdefined asalimited
capacity storage system involved in maintenance and
manipulation of information over short periods of time, and it
is involved in the execution of higher-order daily cognitive
activities (ie, reading, learning, and mental calculation) [6].
Working memory capacity has been traditionally thought to be
constant in healthy adults, although differences were observed
depending on education level, age, and potential deficits in
cognitive status. Actually, some recent studies demonstrated
that a specific training of working memory not only produced
an improvement in specifically trained aspects but a more
general gain of working memory [6-8]. Furthermore, atraining
of working memory seemsto positively influence awiderange
of cognitive functions. In particular, atransfer effect wasfound
on attention [9,10], cognitive inhibition [11], non-verbal
reasoning [12], reading [11], and arithmetic [13,14]. In areview
conducted by Takeuchi et a [5], the authors stressed the
importance of several factors that may affect training efficacy.
Interestingly, besidestask types, subject motivation and arousal
status, an adaptive working load (adjusting the task difficulty
to the subjects performance), and the intensiveness of training
(quantity of training per day per week) were mentioned as
crucial features of working memory training [12,15,16].

It has been clearly shown that an adaptive and intensive working
memory training produces significant changes in heathy
subjects brain structure (white and gray matter) associated with
an improvement in cognitive functions [16,17]. In addition,
working memory impairments can also limit and/or restrict
participation in daily activities [18].

In an era of inadequate economic resources to invest in health
care, it is not possible to guarantee a constant and intensive
outpatient administration of CR, seriously limiting the effects
of the interventions. Indeed, proper CR programs based on
traditional tools (eg, paper and pencil) require qualified
professionals, outpatient facilities, and intensive treatment
sessions which often lead to economic burdens at the expense
of the user or the health care system. In this context, it would
be desirableto promote anew CR management system in which

http://mhealthjmir.org/2015/3/e85/

clients, remotely supervised and assisted by their team through
procedures based on an Internet network, can self-administer
at-home rehabilitation programs. Computerized systems may
be particularly suitable to attain this aim by guaranteeing very
efficient and user-friendly CR toolsthat could be used at-home
by patients either independently (eg, a early stages of
neurological disease), confined to their home by disease
progression, or other clinical constraints. In particular,
computer-based CR tool s usualy implemented on laptops and/or
desktop computers, have been shown to be effective in
improving cognitive functions in patients with stroke [19],
Alzheimer's disease [20], or multiple sclerosis (MS) [21],
confirming that they could be considered an excellent option
for CR. With recent technological innovations, researchers are
challenged to quickly devel op cognitivetreatment programsfor
mobile phonesand tablets, thus making home-based CR exercise
management and the (self)-administration of intensive CR
interventions more feasible to patients and their caregivers.
However, particular attention must be taken when implementing
algorithmsfor automatic working load adaptation and automatic
procedures for intensiveness regulation that most current
computer-based CR tools do not incorporate.

The aim of the present study is to describe Cognitive Training
Kit (COGNI-TRACcK), amobile phone and tabl et-based app for
the home, or self-administration, of an actual intensive CR
intervention based on working memory exercises. The main
feature of COGNI-TRACK istheimplementation of automatic
adaptive working load agorithms and procedures for
intensiveness regul ation.

A pilot test on patients with MS was performed to evaluate the
adherence to a self-administered CR intervention and its
disposahility-to-use (usability, motivation to use, compliance
to treatment). Patients with MS were chosen as a testing
population for two main reasons. First, since approximately
40-65% of patients with MS show disabling cognitive
impairments [22] involving memory, complex attention,
information processing speed, executive functions, and
visuospatial abilities [2], systems for intensive cognitive
interventions are required. Second, M S affects patients of all
ages making them the ideal end-users of our system. Indeed,
studies showed that most of patientswith MS are <65 yearsold
[23], an age group consisting of digital natives and digital
immigrants and considered the most probable technology
consumers [24].

In fact, the evaluation of adherence and disposability-to-useis
fundamental to propose a future, large-sample study that
examines the effectiveness of a CR intervention with
COGNI-TRACcK on patients with MS using specific clinical
outcomes.
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Methods

Overview

COGNI-TRACK allows patients to have access to tailored CR
interventions at any time of the day, thus increasing adherence
to the scheduled rehabilitative treatment. In order to assess
disposability-to-use, a tablet version of the COGNI-TRAcK
app was tested on cognitively-impaired patients with MS
recruited at the Italian Multiple Sclerosis Society (AISM)
Rehahilitation Centre of Genoa (Italy). Ethical approval for the
pilot testing was obtained from the Ethics Committee of Azienda
Ospedaliera San Martino, Genoa, Italy, in 2011.

Development of the COGNI-TRACK App

Overview

The development team first met in January, 2012 to discussthe
project plan. An information technology (IT) specialist wrote
the software program for COGNI-TRAcK with C# programming
language using the platform Xamarin Studio 4.0.10, the version
customized to create apps for the Android operating system
(version 4.0, APl level 15 and following). The development
team met on a bi-weekly basisto resolve issues and review the
progress of the software. A stakeholder team composed of the
development team, a psychologist, and 3 patients (not included
in the pilot testing) met 4 times during the development of
COGNI-TRACcK and considered the final version suitable for
patients with MS.

COGNI-TRACcK includes the following 4 main parts (1) the
graphic user interface (GUI) allowing the administrator (eg, the
clinician) to add personal data of new patients, to retrieve and
to manage them, to set parameters of the working memory
exercises, and to select general options of configuration
(Multimedia Appendices 1-4), (2) the database, (3) routinesfor
dataprocessing, and (4) routinesimplementing adaptive working
load algorithms. COGNI-TRAcK was conceived and designed
with amodular structure ableto evolve by adding new modules,
such as exercises for working memory or other cognitive
rehabilitative functions and electronic forms for compiling
standardized scales for clinical evaluation.

http://mhealthjmir.org/2015/3/e85/

Tacchino et al

Although not validated here as this study focused on
disposability-to-use, the app was designed with a feature
allowing for Internet-based data transfer between the device
and a server installed at the rehabilitation unit for remote
monitoring and management by the clinical team.

Working Memory Exercises Section

Overview

The working memory exercises section enables access to the
editing of several exercisetypes. For each exercisetype, records
can be created and saved into the database, each one containing
a specific configuration of parameters.

During the treatment protocol setting, the administrator directs
the patient to the appropriate records in the database. Each
record can be assigned more than once and each assignment
corresponds to atrial that the patient will have to execute. In
this modality of assignment, the administrator must set the
complete protocol treatment in advance. Thismodality, however,
does not use adaptive working load algorithms and is not
preferred because the effectiveness of the rehabilitation
intervention cannot be guaranteed. Therefore, the preferred way
to set up arehabilitation intervention isto make use of adaptive
working load algorithms where the administrator has to assign
only the starting record for each exercise type, corresponding
to thefirst tria that the patient will perform. At the end of the
first trial, a new record is automatically generated into the
database and then assigned to the patient. This new record
contains a new configuration of parameters calculated on the
output of the applied adaptive working load algorithm.
Increments or decrements in parameter values depend on the
performance of the patient. The automatically generated record
results are linked specifically to the patient and will not be
assigned to another subject. To date, COGNI-TRAcK
implementsthe following 3 types of working memory exercises.

Visuospatial Working Memory

In this type, patients have to remember a random sequence of
visual stimuli (colored circles) presented one at a time in a
grid-like interface; after the last stimulus presentation, they are
asked to correctly reproduce the sequence by touching the
corresponding locations on the device screen (Figure 1).
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Figure 1. An example of visuospatial working memory (Vs-WM) exercises in which patients have to remember a random sequence of 5 circles
consecutively presented (the temporal order is defined following the direction of the arrows). Task-specific parameters for Vs-WM include grid size
(minimum 2x2; maximum not defined), number of stimuli composing the sequence (minimum 1; maximum not defined), and the rate of stimuli
presentation. Adaptive working load algorithms could operate on al the task-specific parameters to increment the difficulty level.

4 Repeat the sequence by touching

Operation N-Back pair of numbers) appears. However, if N:1 (or higher), patients
have to watch the pair of numbers, memorize them, and answer
the correct result deferred by one (or more) new pairs. Thus,
patients have to touch the button corresponding to the sum of
N stimuli ago (Figure 2).

For thisexercisetype (Op-NB), apair of numbersare presented
on the screen (eg, 1+4) and if N=0 (Operation 0-back), then the
patients have to quickly touch the button corresponding to their
correct sum. After each answer a new random stimulus (ie, a
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Figure 2. Examples of the operation N-back (Op-NB) exercises. The upper panel represents the operation 0-back (N=0) level of difficulty, whereas
operation 1-back (N=1) is shown in the bottom panel. All the digits from 1 to 9 can appear on the screen and, consequently the sums range from 2 to
18. However, it is possible to reduce the difficulty of the task by limiting the digit span. Besides digit span, other task-specific parameters have to be
taken into account such as the value of N (minimum 0; maximum not defined) and the rate of stimulus presentation. In Op-NB, adaptive working load

algorithms operate only on N and rate of stimulus presentation.

Dual N-Back

In the dual N-back (D-NB) exercise type, patients have to look
at astimulus consisting of adigit from 1 to 4 on the screen. The
stimulus appears in one of 4 adjacent cells placed in arow. If
N=0 (Dual 0-back), the patients are asked to touch, as quickly
as possible, both the response button corresponding to the
appeared digit and the button indicating the cell in which the
digit appeared. The red buttons (1, 2, 3, and 4), indicating the
digit, are on the lower left corner of the screen and should be
touched with the left hand. The green buttons (5, 6, 7, and 8),
indicating cell position (5 representsthe left-most cell and 8the
right-most cell), arefound on thelower right corner of the screen

. 4 E

and should be touched with the right hand. After each answer
a new stimulus randomly appears. However, as for Op-NB,
patients have to defer the answer according to the N value
(Figure 3).

There are afixed maximum number of trialsfor the Op-NB and
D-NB exercise types; automatically created from the starting
record, this parameter remains the same and is not subjected to
the adaptive working load a gorithms. Another crucial parameter
not modified by the adaptive working load algorithm is the
threshold of correct answers (in percentage) under which atrial
is considered “not valid”. This parameter is independently set
for the different types of exercises.

Figure 3. Examples of the dual N-back (D-NB) exercise. The upper panel shows the D-NB difficulty level when N=0 ("Dual" 0-back), whereas the
lower panel shows N=1 ("Dua" 1-back). Here, patients have to watch the stimulus, memorize it, and touch the buttons corresponding to the digit and
cell deferred by one new stimulus. Task-specific parameters are N (minimum 0; maximum not defined), and the rate of stimuli presentation, both

susceptible to modifications by the adaptive working load algorithms.

S 4
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General Setting Section

After the exercise is assigned, general information can be set.
In the panel for general setting, it is possible to set the daily
maximum time of training for each exercise type (expressed in
minutes). Consequently, in CR interventions in which an
adaptive working load algorithm is checked, the total number
of trials executed by the patient is not predictable as it depends
on presentation rate of the stimuli and is adapted following the
patients' performances.

Several other important temporal options can be selected in the
general setting section including the total duration of the CR
interventions (expressed in weeks) and the maximum number
of days a week allowed for the training (expressed in days).
These options are particularly crucial in determining the
intensiveness of the training and the possibility to administer
personalized treatment. Moreover, in this section, the
administrator can switch ON the User-check, activating the
USER-modality that presents a more user-friendly interface to
the patient. If User-check is switched ON, at each next tablet
restart, COGNI-TRAcK is automatically loaded in the
USER-modality that gives direct accessto thetraining exercises
for the selected patient. This modality isimplemented in order
to limit patient-device interactions and access to other apps or
tothe general settings of thetablet. Aswell, thismodality allows
patients to be completely autonomous in performing the
treatment with only little experience in using portable devices,
thus making at-home, self-interventions possible. The
administrator can also switch OFF the User-check, returning to
the ADMIN-modality for al the procedures reserved for the
team supervising the training program.

Database

All the information entered in COGNI-TRACK is stored in a
database structure managed by SQL ite database management
system. The database structure consists of the following 3
sections (1) "Patients' containing the personal data of the
patients, (2) "Exercises and Treatments' containing the records
specific of each exercise type, the information of assignment,
the checks of the adaptive working load algorithms, and the
length of the CR intervention, and (3) "Settings' containing
general COGNI-TRACcK configuration features.

Tables are consistently correlated according to an
entity-relationship model. Each tableisidentified by aminimal
set of uniquely identifying attributes (primary key) which point
to indexes in other tables, establishing the relationships.

Routinefor Data Processing and Adaptive Working Load
Algorithms

Raw data recorded by COGNI-TRACcK are made available for
data processing. After each trial execution, raw data are saved
into atext file stored in adedicated folder automatically created
during the installation procedure. Routines for data processing
are applied to elaborate raw data after each trial, to calculate
the percentage of total correct answers to the stimuli, and to
match it with the percentage threshold used to consider atrial
“valid” or “not valid”. When one or more consecutivetrials are
“valid” or “not valid”, adaptive working load algorithms define
anew record with the parameters adapted for the next trial (see
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Working Memory Exercises section). For each new record, the
adaptive algorithms automatically modify one or more
task-specific parameters depending on the level of difficulty.

A dedicated button generates a report containing the processed
data of every task executed by the selected subject. Besidesthe
date and time of task execution, description of exercise type,
and paradigm parameters, the report contains the number of
correct, incorrect, or missed answers given and the difficulty
level achieved by the subjects.

The raw data and/or results text file can be exported to an
external storage device. Moreover, through an Internet
connection, the files can be backed up on the server at the
rehabilitation unit for remote monitoring by the medical team.
The backup can occur after each trial if the connection is
activated during the training, or all the files not yet backed up
can be sent when the connection is next activated.

Study Design

Overview

In order to validate disposability-to-use of COGNI-TRACK, a
pilot test on patients with MS was performed by setting a
specific training program with adaptive working load a gorithms.
A survey on its usability, motivation to use it, and compliance
to the COGNI TRACcK treatment was performed at the end of
the CR intervention.

Patients

A group of 16 patients with MS (3 men and 13 women) was
recruited from the A1SM Rehabilitation Centre of Genoa (Italy).
The following inclusion criteria were considered for the
recruitment process (1) a diagnosis of MS clinically defined
following the McDonad criteria [25], (2) the absence of
relapsing inthelast 3 months, and (3) aperformance lower than
-1 SDsfrom the mean of one of the testsincluded in the Rao's
Brief Repeatable Battery of Neuropsychological Tests (BRB-N)
[26]. The BRB-N isthe most widely used instrument to assess
cognitive functioning in patientswith MSand it is shown to be
reliable and sensitive to identify disturbances of cognitive
domainsin these patients[27]. Normative values and correction
factors refer to the Italian validation of the BRB-N, published
by Amato et al [28].

The mean age of the patients was 49.06 years (SD 9.10, range
33-67) and their mean education was 11.75 years (SD 3.41,
range 8-18). Of the patients, 9 were affected by a
relapsing-remitting form of MS and 7 by a progressive form.
The mean value of the Expanded Disability Status Scale (EDSS)
[29], a method of quantifying disability in MS, was 3.75 (SD
1.92, range 1-6.5), and the mean disease duration was 161.69
months (SD 109.56, range 20-374). All the recruited patients
performed a score lower than —1.5 SD in at least 2 tests of the
BRB-N (see Multimedia Appendix 5). All of the patients were
familiar with the basic usage of electronic devices such as
personal computers or portable devices (ie, mobile phones or
tablets).

All the patients that participated in this study gave informed
consent. The study was conducted in accordance with the
Declaration of Helsinki (1964) [30].
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Training Program

The participants performed an 8-week, home-based training
program of working memory exercises, scheduled in 5 daily
sessions per week (40 sessions total), and each session lasting
30 minutes. This training schedule was planned in accordance
to the study conducted by Takeuchi and colleagues [16], where
they showed that a similar program administered to healthy
subjects not only improved cognitive performance but induced
a related brain structure recovery [16]. However, rather than
the subjects executing the training every day of the week and
more than once daily, we limited the training to only 5 sessions
per week and one session a day. This schedule was chosen in
order to avoid inducing central fatigue; in fact, central fatigue
isavery limiting symptom experienced and reported by 60-90%
of patientswith MS[31].

All 3 types of working memory exercises implemented in
COGNI-TRACK (VsWM, Op-NB, and D-NB) were presented
during each training session for about 10 minutes each. The
starting level (starting record) for each type of exercise was set
equal for all patients and the difficulty level varied according
to the adaptive working load algorithm. Thefollowing algorithm
was adopted: for every trial detected as"valid" the level of the
task increased by 1 and anew record was automatically created.
If 3trialsin arow were detected as "not valid", the level of the
task decreased by 1 and anew record was automatically created.
Accordingly, after the first and the second trial detected as“not
valid’, no new records were created and the last used was
adopted for the next trial. A trial was considered "valid" if the
percentage of total correct answers was =100% for Vs-WM,
>80% for Op-NB, and to =75% for D-NB, thresholds set
according to the training program validated by Takeuchi [16].

For al 3 types of exercises, the level of difficulty was varied
first until the rate of stimuli presentation reached athreshold (1
stimulus per second for Vs-WM and 1 stimulus every 3 seconds
for Op-NB and D-NB), and then by changing the other
task-specific parameters (number of stimuli for Vs-WM and N

Tacchino et al

for Op-NB and D-NB). In Op-NB and D-NB, the number of
stimuli increased with increasing N using the following
mathematical formula:

Number of stimuli=(N+1)x5

According to thisformula, when N=2, the number of stimuli is
15. In order to make the CR intervention more comfortable,
participants were allowed to execute the daily 30-minute
sessions at their preferred time of day.

Therecruited patients underwent a practice session during which
a neuropsychologist provided an explanation about
COGNI-TRACcK functions and use, and provided detailed
working memory exercise instructions. The neuropsychologist
did not provide the system to start the intervention until he/she
was sure that the patient was independent.

Outcomes

After the 8-week training program, a questionnaire the on
usability of the system, motivation to use it again, and
compliance to the treatment with COGNI-TRAcK was
administered to each patient (Textbox 1), similar to previous
studies on web-based CR tools[32]. Thefirst 5 yes/no questions
(Q1-Q5) investigated whether the patients felt ready to use
COGNI-TRACK at home after the practice session, whether
they found the training interesting and useful, and whether they
were motivated to use it again. Questions 6-9 (Q6-Q9) were
multiple choice and required a single response from 1 (low) to
4 (high), indicating the level of mativation, stress, boredom,
and amusement perceived while executing the exercises. The
4 possible answersin the multiple choice questionswere "High",
"Medium™, "Low", and "Not at all".

Aswell, the percentage of days of completed training out of the
total number of day in the 8-week period was calculated to
assess the adherence to treatment (100% corresponded to the
40 sessions). Only the patients completing =32 sessions (80%,
32/40) were included in the analysis.

Textbox 1. Questionnaire assessing the usability, motivation, and compliance (disposability-to-use) of COGNI TRACK.

Questions

«  Yes/no questions

« QL Weretheinstructions on COGNI-TRACcK use given in the practice session clear and easy to follow?

o Q2: After the practice session, did you feel independent to use COGNI-TRAcK?

« Q3: Didyou find the exercises interesting to you?
« Q4 Didyou find the training useful to you?
«  Q5: Areyou motivated to use COGNI-TRAcK again?

«  Multiple choice questions

«  Q6: What level of motivation to well perform did you feel during the exercises execution?
«  Q7:What level of stress did you feel during the exercises execution?
«  Q8: What level of boredom did you feel during the exercises execution?

o Q9 What level of amusement did you feel during the exercises execution?
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Results

All the patients included in the data analysis performed the
minimum of 32 sessions, with a mean adherence of 84%
(33.4/40).

Results from the questionnaire showed that 15 participants
(94%, 15/16) understood the instructions given in the practice
session (Q1), all participants (100%, 16/16) felt independent to
use COGNI-TRACK at home (Q2), 12 participants (75%, 12/16)
found the exercises interesting (Q3), and 13 (81%, 13/16) also

Tacchino et al

found the exercises useful for their clinical condition (Q4). After
the 8-week training program, 13 patients (81%, 13/16) felt
motivated to use COGNI-TRACcK again in the clinical practice
(Q5) (Figure4). Moreover, during the execution of the exercises,
the patients felt highly motivated to perform well as the mean
score for Q6 was 3.19 (SE 0.16). The patients experienced |ow
levels of stress since the mean score for Q7 was 2.19 (SE 0.26)
and were not bored asthe mean scorefor Q8 was 1.81 (SE 0.30).
Aswell, the mean score for Q9 demonstrating amusement was
2.25 (SE 0.23) (Figure5).

Figure 4. Results from the questionnaire on the usability of COGNI-TRAcK. The columns show the percentages obtained in the first 5 questions

referring to usability and motivation.
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Discussion

Principal Findings

Cognitive impairments often affect people with neurological
disease [1,2], worsening their quality of life and reducing their
occupationa profile and social participation [3,4]. This is
particularly constrictive for young patients, such as those with
MS, which would liketo remain independent aslong as possible
from the time of diagnosis, be active in the socia context, and
hope to maximize outpatient time fostering a home,
self-administered interventions. In this context, CR would play
acrucia rolein reducing or maintaining theimpairment stable,
and facilitating the process of reintegration of these persons
[19-21]. Thus, research focused on finding new ways to
administer more usable CR interventions, to make them more
effective, and to ensure a high adherence to the treatments is
imperative. Rehabilitation researchers (ie, physicians, therapists,
and bioengineers) should define and design new low-cost tools.

In this context, technology-based products such as mobile
phones and tablets would meet these main requirements for
future CR. COGNI-TRACcK is atool meeting that meets these
requirements since it is based on economic, accessible, and
widely-used technological devices (mobile phones and tablets).
COGNI-TRACK presents an easy-to-use graphic user interface
that allows for the self-administration and self-management of
a home-based CR intervention and fulfills key factors such as
adaptation and intensiveness of the working load that improve
treatment effectiveness [5].

The present study assessed disposability-to-use of
COGNI-TRACcK by investigating its usability, motivation for
future use, and complianceto the treatment in patientswithMS
by an ad hoc questionnaire. Results show that this new system
was very well received by patients with MS as deduced by the
high adherence to the treatment. In fact, 84% of the total
scheduled training sessions were completed by the patients,
suggesting that thistool could be proposed for aCR intervention
for patients with MS. As highlighted by the first 4 questions
(Q1-Q4) in the opinion questionnaire, the app is highly usable.
In fact, only one patient did not find the COGNI-TRAcK
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instructions given during the practice session clear and easy to
follow (Q1). However, after probing deeper, it was revealed
that the patient was referring to difficulties in correctly
performing the exercises as instructed rather than difficulties
with the general use of COGNI-TRACcK. Moreover, all patients
felt independent to self-manage the training at home (Q2). In
our opinion, this is a crucial result since previous studies in
expectancy and usage of mobile technologies in the clinical
environment revealed that a remarkable concern expressed by
patients is that the use of mobile phones and tablets might be
too complicated when it comes to health issues [24]. Of the
subjects, 75% found the proposed exercises interesting (Q3)
and >80% revealed that the training was useful (Q4). This
important result shows that participants did not feel only the
ludic aspects of COGNI-TRAcK but had an invested interest
in performing the training and recognized the importance in
stabilizing or ameliorating their personal cognitive
performances. The question about motivation showed that the
participants were highly stimulated to use COGNI-TRAcK
again and adopt thistool in their clinical practice.

In general, compliance, investigated through the last part of the
guestionnaire (Q6-Q9), was found to be high. In fact, the
participants felt highly motivated in performing the exercises
(Q6), whilst the levels of perceived stress (Q7) and boredom
(Q8) were low. However, low levels of amusement were
experienced, suggesting that new expedientsto increase interest
and perceived amusement during exercise execution, such as
graphical renovation, are required in order to enhance
COGNI-TRACcK compliance.

Conclusions

We demonstrated that COGNI-TRACcK, atool for personalized
cognitive intervention (self-administration), is highly usable,
motivating, and well-accepted by patientswith MS. We are now
ready for alarge-scale deployment of COGNI-TRAcK and are
particularly interested in validating both its neurol ogical aspects
(eg, therapeutic effectiveness and effect on brain structure and
function) and technologica features such as Internet
communication procedures for the data transfer to a central
server.
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Multimedia Appendix 1

The main panel of COGNI-TRACcK consists of icons on the | eft to access the " Patients' and " Setting" sections. On theright, icons
to access working memory exercises are displayed. The dashed icons represent new exercises that can be added to the app in

future rel eases.
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Multimedia Appendix 2

Shown hereis a view of COGNI-TRACcK used by the administrator where a new patient can be added and where the data of
existing patients can be retrieved and managed.

[JPG File, 246KB - mhealth_v3i3e85_app2.jpg |

Multimedia Appendix 3

The "Treatment Assignment” section of COGNI-TRAcK shown here is used by the administrator to assign exercises for new
trials of the rehabilitative treatment.

[JPG File, 418KB - mhealth_v3i3e85_app3.jpg ]

Multimedia Appendix 4
The "Results' panel of COGNI-TRACK isused by the administrator to see the results of already performed trials.

[JPG File, 318K B - mhealth v3i3e85_app4.jpg |

Multimedia Appendix 5

The BRB-N performances obtained by the patientsinvolved in the pilot testing. All the recruited subjects performed ascore lower
than -1.5 SD (red bolded colour) in at least 2 tests of the BRB-N (SRT-LTS: Selective Reminding Test-Long Term Storage,
SRT-CLTR: Selective Reminding Test-Consistent Long Term Retrieval, SRT-D: Selective Reminding Test-Delayed, SDMT:
Symbol Digit Modalities Test, PASAT-3: Paced Auditory Serial Addition Test-3 s, PASAT-2: Paced Auditory Serial Addition
Test-2 s, SPART: SPAtial Recall Test, SPART-D: SPAtial Recall Test-Delayed, WLG: World List Generation).
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Abstract

Background: Low iron intake can lead to iron deficiency, which can result in impaired health and iron-deficiency anemia. A
mobile phone app, combining successful dietary strategies to increase bioavailable iron with strategies for behavior change, such
asgoal setting, monitoring, feedback, and resourcesfor knowledge acquisition, was devel oped with the aim to increase bioavailable
iron intake in premenopausal women.

Objective: To evaluate the content, usability, and acceptability of amaobile phone app designed to improve intake of bioavailable
dietary iron.

Methods: Women aged 18-50 years with an Android mobile phone were invited to participate. Over a 2-week period women
were asked to interact with the app. Following this period, semistructured focus groups with participants were conducted. Focus
groups were audio recorded and analyzed via an inductive open-coding method using the qualitative analysis software NVivo
10. Themes were identified and frequency of code occurrence was calculated.

Results: Four focus groups (n=26) were conducted (age range 19-36 years, mean 24.7, SD 5.2). Two themes about the app’s
functionality were identified (frequency of occurrence in brackets): interface and design (134) and usability (86). Four themes
about the app’s components were identified: goal tracker (121), facts (78), photo diary (40), and games (46). A number of
suggestions to improve the interface and design of the app were provided and will inform the ongoing development of the app.

Conclusions: Thisresearch indicatesthat participantsareinterested iniron and their health and are willing to use an app utilizing
behavior change strategies to increase intake of bioavailable iron. The inclusion of information about the link between diet and
health, monitoring and tracking of the achievement of dietary goals, and weekly reviews of goals were also seen as valuable
components of the app and should be considered in mobile health apps aimed at adult women.

(JMIR mHealth uHealth 2015;3(3):€92) doi:10.2196/mhealth.4300

KEYWORDS
cell phones; telemedicine; mobile apps; iron; behavior therapy; focus groups; goals

: result in impaired mental function, chronic fatigue, impaired
Introduction aerobic metabolism, decreased work performance, decreased
Iron deficiency (ID) is the most prevalent micronutrient thermoregulation, and decreased immunefunction[2-4]. 1D and
deficiency intheworld [1]. Insufficient iron canimpair oxygen  Iron-deficiency — anemia  can  aso  negatively  affect
transport due to a reduction in hemoglobin, which in turn can
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neuropsychological factors such as mood, cognitive functions,
learning ability, and memory [5-8].

Women of reproductive age are at risk of ID due to blood loss
via menstruation, low dietary iron intake, and high gestational
requirements[9,10]. A few small-scale, resource-heavy, dietary
i nterventions have been shown toincreaseiron storesin women
whoseiron storesare low [3,11,12].

Mobile phone apps have potential as a flexible, tailored,
customizable, wide-reaching, cost-effective, and accepted means
of health promotion [13]. Apps have the ability to incorporate
the most effective components of behavior change, such as
godls, self-efficacy, self-monitoring, feedback, tailoring, and
planning, into a platform that is user friendly, engaging, and
flexible[14,15]. Because of the potential of appsto reach awide
audience, we have recently devel oped an app aimed at increasing
women's intake of bioavailable iron in order to improve iron
status. The app has been developed based on dietary
interventions that have improved iron status and components
of behavior change, which have proven effective in dietary
behavior change [3,11,12]. This app will be used in a
randomized controlled trial investigating the feasibility of
increasing iron intake via supplements or dietary intake using
mobile phone apps (ACTRN12613000912785). Pending the
outcomes of thistrial, the app isintended for wide release and
will be made available through various venues such as the
i Tunes app store and Google Play store.

While apps have the potential to bring dietary and lifestyle
interventions to large populations, their efficacy is currently
unknown. Prior to the use of this novel app in a randomized
controlled trial, usability and functionality of the app should
ideally be tested in the target population of premenopausal
women. Such information can hel p to optimize app functionality
and effectiveness, to ensure content quality, and to understand
the app’s potential for health and behavior change [16-18].
Modifying the devel opment of thisapp based oninitial feedback
from potential end users is consistent with recommendations
that state a high level of usability is essential to ensure uptake
and adoption of health promotion apps[19].

The aim of this study is to evaluate the content, usability,
acceptability, and functionality of amobile phone app designed
to improve bioavailable iron intake in premenopausal women.
The findings from this study will be used to inform the
refinement of the app and add to the evidence base of desired
features of apps designed to promote dietary change.

Methods

Study Design

This study descriptively explored user preferences for an app
designed to improve intake of bioavailable iron in

http://mheal th.jmir.org/2015/3/e92/
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premenopausal women. Participants were provided with alink
to download the mobile phone app and were asked to use the
app at their leisure over at least a 2-week period, during which
timethey were asked to read information, play games, set goals,
and take photos of meals. Continued use of the app was
encouraged viaareminder email sent to each participant during
the trial period. Following this 2-week period, semistructured
focus group discussions were conducted to determine users
opinions of the app.

M aobile Phone App Development

The content of the Women’s Iron, Zinc, and Energy (WIZE)
app was developed based on asystematic review of theliterature
on dietary factors influencing iron status in combination with
findingsfrom 2 dietary intervention studiesinvestigating dietary
strategies to increase iron status in women [11,20-22]. In
addition to providing information on rich sources of dietary
iron, the app also included recommendations to increase
iron-fortified food intake, consumefoodsrich in vitamin C with
meals, and avoid consumption of tea and coffee with meals,
based on previous studies highlighting efficacy [11,20-23]. The
app incorporated successful strategies of behavior change such
asthose found in social cognitive theory [24], the health belief
model [25], and self-determination theory [26]. Strategies for
behavior change that were utilized by the app included goal
setting, monitoring, feedback, self-motivation, and strategies
for knowledge acquisition.

The app delivered iron-related nutrition information in 7 fact
sheets, which were designed to increase knowledge of dietary
sources of iron and the relationship between iron and health. In
addition to increasing participant knowledge about iron, it was
hoped that informing users about the detrimental health effects
of low iron levels would help to make iron status personally
important to users. It is theorized that this would promote
self-motivation within users and further encourage behavior
change.

The use of games has previously been shown to encourage
knowledge uptake; therefore, games (word search and word
jumble) wereincluded to devel op further iron-related knowledge
and facilitate participant engagement and use of the app [27,28].
Onegoal per week was established (eat 2 iron-fortified products
each day, eat 50 mg of vitamin C with meals, aim to eat 12
points of iron each day, and drink coffee and tea at times other
than during meals), which aimed to increase iron intake and
absorption through gradual implementation of dietary change.
To assist women in meeting these goals, a goa tracker was
included to record adherence and to monitor participant progress
toward each of the goals. The photo diary function wasincluded
to help participants monitor and review their food intakeif they
found they were not meeting specific goals. Screenshots of the
app are shown in Figures 1-3.
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Figure 1. Screenshot of app illustrating home page.
() Home WIZE

now

Facts

Games

Goal Information
Goal Tracker

Goal Week Review

©O © © O O O

To Do

You are logged in

Figure 2. Screenshot of app providing an example of afact about iron.
() Home WIZE

Facts

Iron Fact

Iron is an essential nutrient that is important
for your body to form red blood cells and to
function normally. Iron is a key part of
haemoglobin, the part of red blood cells that
helps carry oxygen around your body.

Read More

Random Fact

More Facts
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Figure 3. Screenshot of app showing goal tracker function.
Home

Mann et d

WIZE

Goal Tracker

Your goals for this week are:

1. Iron Products

2. Vitamin C

3. 12 Points

4. Coffee & Tea

5. Coffee & Tea outside meals

Participants

As it is intended that this app be widely available to all
premenopausal women interested in increasing intake of
bioavailable iron, the current study was open to al women
between the ages of 18 and 50 years, irrespective of iron status.
However, to use the app, participants were required to have
accessto an Android mobile phone and be able to communicate
in English. Participantswererecruited viaconvenience sampling
through flyers placed around Deakin University, Melbourne
Burwood Campus, Australia; supermarkets in the surrounding
area; free advertisements placed on Facebook pages and Deakin
University Student Association club websites; and via
presentations given before lectures. All participants filled in a
brief background questionnaire collecting information about
their age, highest level of education achieved, current degree
and major (if studying), current app use (How often do you use
apps? What kind of apps do you use? Would you pay for an
app?), and current employment status. Ethics approval was
granted from Deakin University, Australia and all participants
provided written informed consent.

Focus Groups

After using the app for at least 2 weeks, each participant
attended 1 focus group discussion lasting no longer than an
hour, and consisting of 6-7 participants per group. Focus group
discussions were conducted by 2 researchers with one leading
the discussion and the second recording field notes. Verbal data
from the focus groupswere collected through audio recordings.
During the focus group discussion, participants were asked
about their likes and didikes, and reasons for each, for each
section of the app. They were also asked about their opinions
on thelook and feel of the app, content and ease of use, and any
suggestions they had to improve the app.

http://mheal th.jmir.org/2015/3/e92/

Data collection continued until saturation occurred, which was
when no new themes or ideas were emerging from the data[29].
The same researcher (DM) led each focus group.

Analysis

To help ensure research quality and rigor, approaches
highlighted by Braun and Clarke [30] and Fade [31] were
employed throughout the study. Audio recordings of the focus
groups were transcribed verbatim and anonymized, and a
thematic analysis was undertaken [30]. NVivo 10 (QSR
International) qualitative research software was used to help
manage data and aid analysis [32]. Following familiarization
with the data, initial codes were generated in a systematic
fashion. Data were collected relevant to each code and themes
were then identified and reviewed [30]. An inductive
open-coding method was utilized [30]. Codes generated included
usability, technological errors, games, facts, and goal tracker.
Responses could be coded to more than 1 theme; for example,
to both the usability and games themes. Frequencies of code
occurrence were then calculated. Samples of analyzed sections
of the datawere double checked by a second researcher (AOB)
to help eliminate bias and ensure accuracy.

Results

Participants

Twenty-six participants attended the focus group discussions.
The age range of participants was 18-36 years (mean 24.7, SD
5.2). Participants' iron levels and whether they were pregnant
or breastfeeding were unknown. All quotes are presented in
intelligent verbatim.

Themes
Two themes (Table 1) were identified from the focus groups
with regard to functionality: technological issues/usability and
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interface and design. Four themes (Table 1) about the specific
components of the app were identified, which included facts,

Mann et d

games, goals, and photo diary.

Table 1. Themesand their frequency of occurrence (represented in parentheses). Quotes presented in intelligent verbatim.

Theme

Examples

App component

Facts (78)

Games (46)

Goals (121)

| thought they (facts) were straightforward. | thought they (facts) really seemed to be to the point and
provided most of the information | think you needed. [R3, FG3]

There were facts that | didn’t know, which was really cool. [R3, FG4]

Yeah | thought it was cute, a really cool idea causeit’s a health app and health apps don't really have
games. Yeah | really liked it (the games), | thought it was cute. [R2, FG1]

| didn't really get into (the games), | did a couple of the games and things but | did find them very simple
and not very useful for me. [R3, FG3]

Yeah a bit more interactive actually was kind of learning. [R4, FG4]
Yeah no real sense of achievement for knowing what a word was. [R3, FG1]

| wasn't surewhat that meant (in reference to a goal about coffee and tea) and it didn't give much advice.
Thisisthe suggested strategy or step that you can take. [R6, FG3]

Yeah | don't think it is so much the goal itself is unachievable but the understanding and facilitating (of

the goal) could be hard for sure. [R5, FG2]

...you just want a reminder. [R3, FG4]

Photo Diary (40)

What would you get out of it (photo diary) though? [R1, FG1]

Yeah you can hardly tell by a photo though. [R3, FG1]

Interface and de-
sign (including
pictures) (134)

Functionality

| liked the plain interface on the first page but | think more images throughout would have made it a
little bit more exciting. [R2, FG3]

| kind of felt like you were entering it in when you did something for the day, then you had to enter it

(completed goals) again when you achieved the goal. Can't they (goals and goal tracker) just be linked?
| just feel like they (goals and goal tracker) should link. [R3, FG1]

Usability (86)

Mine (app) got a bit slow sometimes. [R4, FG2]

Wl | had some issues when logging in, at first it took me about ten attemptsto log in, but now it's kept
me logged in and that's fine. [R2, FG2]

App Components

Facts

Most participants thought that the facts were succinct,
interesting, easy to understand, informative, and were considered
by many participants as the best component of the app.
Parti cipants wanted more facts and the possibility of an extended
information section if they were particularly interested in a
specific fact.

Maybe a bit more points (in the facts). Not just one
thing about iron, maybe a few things. Just a little bit
more information. [R7, FG1]

Games

Participants' opinions of the games were mixed. Many
participants suggested that the games could provide further
education; for example, through a quiz. It was believed this
would help to reinforce information provided within the facts
and increase the knowledge acquired by participants. In addition,
participants believed that an incentive should have been
provided to help them achieve a sense of accomplishment once
agame was finished or after a correct answer.

http://mheal th.jmir.org/2015/3/e92/

Goals

Users considered the goals unclear; participants would have
liked more details and further clarification of the goals, which
was not provided. Participants did not know how to go about
achieving these goals and were frustrated that the app did not
explain what the goals were or how to achieve them.

| feel there wasn't maybe enough information (in the
goals) about what it was that we needed to answer
the question, so it was 12 points of iron and | don't
know what that means. [R4, FG1]

Many participants believed that having promptsor little pop-up
remindersfor the goalswould hel p them remember to compl ete
and enter their goals into the app. One suggestion from
participants was to have the weekly goal be an overview of the
daily goals instead of having to reenter the details of the
completed daily goals into the weekly goa section.
Alternatively, instead of having a weekly goal, participants
suggested providing an overview of progressin achieving goals
and feedback or strategies to help achieve goals.

Being able to upload to tell it what you have eaten
and stuff and having it tell you if you have achieved
your goals or not, and it would give you a message
confirming that you have achieved your goal for that
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week or that day, a little bit more satisfaction,
congratulating you almost. [R4, FG1]

Photo Diary

Many participants were unreceptive to the notion of using the
photo diary component of the app, asthey questioned the intent
and function of this component. Participantsdid not believe the
photo diary function would be helpful inincreasing consumption
of high-iron products or meals and did not understand how it
could help in facilitating them to achieve their goals.

What was the actual intent of the photo diary? [R2,
FG1]

Functionality

Overall, participants enjoyed the concept of being able to use
an app to increase bioavailableiron.

| definitely would (use the app) cause it's not
something | would normally keep track of myself so
having an app it’'s ... cause | am pretty bad with all
that kind of health and all that sort of stuff so | liked
it, but it needsto be refined. [R4, FG2]

However, due to user interface and design issues, they thought
the current app was too cumbersome to use, and would not use
it themselves.

I nterface and Design

Participants described the interface as smple and basic. This
was stated as the preferred interface design for an app of this
platform. Participants thought it would be good to be able to
personalize or tailor the app to the individual .

| think the actual icon for the app was a little bit
misleading. It was called WIZE, | was just looking
for it thismorning, and | was like, what is this. [R3,
FG2]

A hindrance and didliked aspect wasthe difficulty in navigating
through the app (eg, no back button, clunkiness, and theinability
of participants to edit their inputted daily goals) as well as a
lack of color and visuals within the app, giving it a clinical
appearance. Some participants described the games as a drag
that did not entice the user to keep playing them or using the
app. Most participants believed the addition of more pictures,
colors, optional noises, and visualswould help to jazzit up (the
interface).

Usability

Participants believed there was decreased usability of the app
due to the lack of prompts and reminders, which would enable
them to remember to use the app and track goals. Additionally,
providing feedback or reviews of user goal progression were

considered necessary components to ensure that participants
would be motivated to continue to use the app.

You're not getting the feedback (of how you are
progressing) so | was yeah. [FG2, R2]
Suggestions

Numerous suggestions were mentioned during the focus group
discussions, including the addition of a back button, and
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inclusion of more colorsand picturesto help decrease clunkiness
and improvetheinterface and design of the app. Including more
facts, additional games, and clarification of dietary goals are
examples of suggestions previously mentioned.

Discussion

Principal Findings

The purpose of this study was to undertake a formative
evaluation and identify user preferences for an app designed to
improve intake of dietary iron, with the am to aid app
devel opment and ultimately to enhance app uptake and efficacy.
This information can also be used to assist in the devel opment
of arange of mobile health (mHealth) appstargeting individuals
within the studied demographic (women aged 18-50) to
undertake dietary change. Overall, participants liked the concept
of an app focused on iron and commented that they would find
it useful to help track their iron intake. Thisreinforcesthe notion
that thereisamarket for an iron-specific app and that the target
audience for the app (apopulation at-risk for ID) have adesire
to track and improve their iron status via dietary interventions.
Previous studies have shown that dietary and lifestyle
interventions utilizing the app platform have al so been met with
similar positive reception [33-37]. These results suggest that
the use of appsfor health is accepted by the general population
and users have a desire for uptake.

Knowledge

Participants wanted more facts and information, as well as the
option to have an additional information section, highlighting
that the majority of participantsdid have adesire for knowledge
about iron and health. This desire for knowledge is positive, as
it has been shown that knowledge is one of many influences
that can affect eating behavior [38]. However, knowledge will
fail to be effective when not combined with other behavior
change strategies [39]. This was discussed during the focus
groups, as many participants found the information was not
sufficiently connected with easily understood goals or dietary
recommendations.

Games have the potential to increase user knowledge, user
interactivity, and engagement with the app, while maintaining
engagement [27,28]. Thus, to help further knowledge acquisition
while maintai ning engagement, an information-seeking platform
could be integrated into the games.

Feedback, Prompts, and Reminders

Usersenjoyed the features of monitoring and tracking behavior,
setting goals, and the ability to review progress. Many users
stated that feedback was an important component that they
would like to see incorporated into the app. This is consistent
with the findings of similar research that young adults like
monitoring and tracking features [40-42]. Feedback has been
highlighted as an integral part of successful behavior change
and should beincorporated into interventions delivered through
apps [43].

Participants described that they wanted prompts as a reminder
to use the app and complete goals. This is consistent with the
literature, which indicates that prompts can be considered hel pful
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and useful, may increase motivation, and may remind users of
their goals [42,44]. However, reminders and prompts have also
been considered annoying, as reminders that are perceived to
be too frequent may be viewed as unnecessary [40,42].
Differences in the perceived value of reminders may be due to
differences in frequency of use, as reminders considered to be
unobtrusive or minimally disruptive have been positively
received in other studies [45]. It isimportant that the user has
the ability to tailor the frequency of reminders to ensure that
they do not become intrusive and are found to be helpful [42].

Participants mentioned that they would like the app to be
personalized and tailored to the individual . The ability to tailor
thefrequency of messages and the content of feedback hasbeen
arecurring theme among participantsin previous studies. This
research has indicated that a health app should be tailored to
ensureit isflexible enough to adapt to auser’slifestyle[33,42].
It has been noted that instant feedback may place too much
pressure on users and may frustrate them if they are not
achieving their goals [46]. There is aso evidence that
interventions with individually tailored material have greater
retention rates and result in participants spending more time
engaged with the interventions [44,47]. Therefore, it is
recommended that tailoring or personalization be incorporated
into the app during redevel opment.

Sdf-Monitoring and Goals

Many users did not understand afew of the goals, emphasizing
that goal s should not assume user knowledge and should ideally
be simple and explained in significant detail to ensure that they
are understood and are achievable by the user. Goals that are
considered general, which do not provide feedback to notify
users on goal progression, have been shown to be less effective
than goals that are specific [48].

Many participants suggested that they would have liked the
weekly goal review to be an overview or report about progress
toward their goals, ideally in graphical form. Thisfinding isnot
unique; participants in other health-related research on weight
and diabetes management have similarly found monitoring to
be valuable[49,50]. It has also been found that app users prefer
graphical feedback to feedback in other formats [42]. Thus, it
may be beneficial for feedback and monitoring in the app to be
displayed in a graphical format, which is possible through the
mobile phone app platform [42].

Participants stated that rewards would encourage engagement
with the app and adherence to dietary goals. Rewards that
recoghize an achievement may help to motivate participantsto
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continue to use the app and help to maintain user engagement
[44,51].

Functionality

I nterface and Design

Mobile app simplicity has been highlighted as one of the most
important features for health intervention apps. Simplicity, as
indicated by a simple user-friendly interface, has been shown
to encourage continued use of health apps [19,33]. This study
reinforced this notion as the simple interface was considered a
positive attribute of the app. The importance of an attractive
user interface has been emphasized in previous studies and was
demonstrated in this study, as many participants stated that the
lack of color or visuals within the app did not entice them to or
discouraged them from using it [41,44]. Therefore, to help
engage usersthe addition of picturesand colorsisrecommended.

In addition, it appears that personalization or customization of
the app was important to participants as it was brought up
numerous times. Customization may increase the interactivity
that participants have with the app and alow the app to be
tailored to an individual [19].

Usability

The longer someone engages with an intervention, the more
likely the intervention is to be effective [52]. To ensure
engagement time, it is recommended that interventions be
interactive, tailored, and relevant to participants [52,53].
Discontinued use of mHealth has been attributed to lack of
usability and perceived usefulness of the intervention [54,55].
Participants wanting to discontinue using our app due to
usability and functionality issues (eg, no back button, clunkiness,
and the inability to edit inputted daily goals) reinforces the
notion that usability is akey component of mHealth uptake. In
addition, it has been shown that users must find apps usable and
useful to engage in long-term use; thus, it is important that the
platform isengaging and entices partici pants to spend time using
the actual intervention [52,56].

Implementation of M odifications

M odifications based on the suggestions from participantsin this
study were made to the WIZE app. Additional colors and
pictures were added throughout the app to increase its appeadl;
additional links between components of the app were added to
increase usability; the goalswere clarified and restructured; and
gameswere modified to include further information about iron.
Postmaodification screen shots of the app can be seenin Figures
4 and 5.
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Figure 4. Screenshot of app illustrating home page postmodification.
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Limitations

The majority of participants were recruited from one area of
Deakin University, Melbourne Burwood Campus, Australia;
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therefore, it is unknown if these views are reflective of the
broader population. The sample was predominately younger
females with a high level of education. Participants having
access for only 2 weeks before participating in a focus group
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may have resulted in different opinionsthan if the app had been
used over a 4-week trial (the period over which goals were
designed to beimplemented). A further potential limitation was
that the app was only available on the Android maobile phone
platform. Users of this specific platform may not represent all
mobile phone users.

Conclusion

Participants expressed interest in an app to increase their intake
of bioavailableiron and data obtained aided the redevel opment
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Abstract

Background: Low physical activity level is a significant contributor to chronic disease, weight dysregulation, and mortality.
Nearly 70% of the American population is overweight, and 35% is obese. Obesity costs an estimated US$ 147 billion annually
in health care, and as many as 95 million years of life. Although poor nutritional habits remain the major culprit, lack of physical
activity significantly contributes to the obesity epidemic and related lifestyle diseases.

Objective: Over the past 10 years, mobile devices have become ubiquitous, and there is an ever-increasing number of mobile
apps that are being developed to facilitate physical activity, particularly for active people. However, no systematic assessment
has been performed about their quality with respect to following the parameters of sound fitness principles and scientific evidence,
or suitability for avariety of fitnesslevels. The aim of this paper isto fill this gap and assess the quality of mobile coaching apps
on iOS mobile devices.

Methods: A set of 30 popular mobile apps pertaining to physical activity programming was identified and reviewed on an
iPhone device. These apps met theinclusion criteriaand provided specific prescriptive fitness and exercise programming content.
The content of these apps was compared against the current guidelines and fitness principles established by the American College
of SportsMedicine (ACSM). A weighted scoring method based on the recommendations of the ACSM was devel oped to generate
subscoresfor quality of programming content for aerobic (0-6 scal€), resistance (0-6 scale), and flexibility (0-2 scale) components
using the frequency, intensity, time, and type (FITT) principle. An overall score (0-14 scale) was generated from the subscores
to represent the overall quality of afitness coaching app.

Results: Only 3 apps scored above 50% on the aerobic component (mean 0.7514, SD 1.2150, maximum 4.1636), 4 scored above
50% on the resistance/strength component (mean 1.4525, SD 1.2101, maximum 4.1094), and no app scored above 50% on the
flexibility component (mean 0.1118, SD 0.2679, maximum 0.9816). Finally, only 1 app had an overall score (64.3%) above 50%
(mean 2.3158, SD 1.911, maximum 9.0072).

Conclusions: There are over 100,000 health-related apps. When looking at popular free apps related to physical activity, we
observethat very few of them are evidence based, and respect the guidelines for aerobic activity, strength/resistance training, and
flexibility, set forth by the ACSM. Users should exercise caution when adopting a new app for physical activity purposes. This
study also clearly identifiesagap in evidence-based appsthat can be used safely and effectively to start aphysical routine program,
develop fitness, and lose weight. App developers have an exciting opportunity to improve mobile coaching app quality by
addressing these gaps.
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Introduction

Background

Low physical activity levels significantly contribute to chronic
disease, obesity, and all-cause mortality [1,2]. Since 2003, the
prevalence of overweight and obesity in the United States has
remained high [3]. Asmuch as68.5-75.3% of al adults 20 years
of age or older are overweight or obese [3]. The annual health
care burden attributable to obesity comprises 21% of the US
health care expenditures[4]. The prevalence of overweight and
obesity has not declined in the last decade [3,5], indicating that
current strategies to address the problem in the general
population have remained unsuccessful.

While it is known that increasing participation in regular
exercise can help control body weight and reduce the risk of
multiple comorbidities[2,6], it is estimated that only 20.6% of
Americans actually meet the current recommendations of 2.5
hours minimum of moderate-intensity aerobic activity or 75
minutes of vigorous-intensity activity/week [7]. Among the
barriersto exercise participation arethe disparity in face-to-face
access to health care professionals with expertise in lifestyle
management, resources needed for a personal coach, and lack
of knowledge of exercise principles necessary for someone to
design their own training regimen [8-11]. Technological
developmentsinthelast 10 years have generated new strategies
to broaden access to physical activity resources. Emerging
evidence suggests that leveraging digital media may be an
effective method to deliver health behavior interventions
[12-14]. Electronic interface (Internet based) and mobile
interface (either mobile phone or smartphone) are popular
platforms[15,16]. Mobile phone and mobile phone ownership
are accelerating quickly among young people and the general
population [17]. Mobile technologies offer opportunities to
mitigate the increasing disparity of access to affordable and
even freeresources[18,19]. Thereisan estimated 100,000 health
care-related mobile apps[20]. Among these 100,000 apps, there
isafaunaof appsto facilitate physical activity, including heart
rate monitors, step counters, training logs, diet monitoring, and
coaching.

American College of Sports Medicine Guideline
Overview

The American College of Sports Medicine (ACSM) [21] isthe
leading organization involved in the development and
modification of exercise programming based on the cumulative
evidence pertaining to exercise on health and fitness. The ACSM
recommendsthat exercise programs should include key training
elements of the frequency, intensity, time, and type (FITT)
principle. Exercise programs should progress at a rate
appropriate to the individual’s beginning fitness level and
specific health or fitness goals. General exercise sessions

http://mhealth.jmir.org/2015/3/e77/

typically include awarm up, conditioning and/or strengthening,
a cool-down, and safety considerations. The successful
trandation of the ACSM guidelines into the mainstream of
public useis dependent in part on the quality of information on
the el ectronic media platforms accessed by the public. Presently,
it isunclear whether the free mobile coaching apps available to
the public provide adequate, accurate information of exercise
programming for the beginning exerciser wishing to control
body weight and manage comorbidities. Therefore, the goa of
thisinvestigation was to assess the quality of the most popular
free health-related apps with respect to the general exercise
program guidelines of the ACSM.

Methods

App Selection Process

As of 2014, Google Android (51.7%) and Apple iOS (38.9%)
share over 90% of the mobile operating system market in the
United States[22]. The choice of apps on both mobile operating
systems reached 1.3 million and 1.2 million apps, respectively.
However, popular apps are usually implemented cross-platform,
and aretherefore avail able on both app stores. Hence, our search
was restricted to apps from the Apple store. For portability
issues, wefocused on appsthat were available for iPhone, rather
than other Apple devices such as iPad. Because we were
primarily interested in assessing apps that could be used by the
public without a financia burden, we restricted our search to
appsthat were availablefor free. Figure 1 illustrates our process
of screening and selecting the relevant iPhone coaching apps
for thisanalysis.

App stores are highly dynamic. Apps are added on a regular
basis, and the ranking of popular apps changes weekly. The
gueries presented here were performed on April 6, 2015. We
wanted to assess apps that would provide some workout or
training programs. Thus, we selected the keywords “workout”
and “training” and restricted our search to “health and fitness’
free appsinthe Apple store. A set of 50 apps was generated for
each keyword term. The 2 sets of apps were merged. Because
17 duplicates existed, a list of 83 apps was generated. A
prefiltering of the apps was performed by the study team to
discard apps that were clearly not exercise prescriptive. The
agreement among the study team was unanimous for discarding
22 apps from inclusion into the review. Examples of these
irrelevant apps were for pregnancy, sleep quality, or menstrual
cycletracking. Of the 61 appsthat werereviewed, 31 additional
apps were discarded because exercise prescriptive programs
were not provided, and therefore, did not meet the study
inclusion criteria. Thefinal set of 30 appswas scored for quality
of content against the guidelines of exercise prescription of the
ACSM.
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Figure 1. Flow diagram of iPhone coaching app selection.
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Principles of Exercise Prescription

The ACSM defines best practicesin exercise prescription based
on the known health benefits of exercise and physical activity.
Optimal exercise programs include elements of cardiovascular
fitness, endurance, strength, and flexibility, which collectively
promote healthy body composition and neuromuscular fitness
[21]. Exercise prescription consists of 3 main components,
namely, aerobic exercise, strength and resistance exercise, and
flexibility. Each component contains safety, programming (the
FITT principle) and single-session principles. These components
and principles are summarized in Multimedia Appendix 1.

Additional recommendations for safe exercise participation,
particularly for beginners, include the following: reduce sitting
time and sedentary behaviors, spread physical activity bouts
throughout the day, no paininjoint, modify exercisein extreme
environments (hot/humid), and be safe outdoors at night.

App Quality Scoring Strategy

We developed our scoring strategy based on the
recommendations set forth by the ACSM and our experience
in assessing the quality of onlineweight lossinformation search
results [23]. Therefore, each app was scored across the
components of aerobic exercise, strength/resistance, and
flexibility, with aerobic exercise and strength divided along the
section of safety, program principles, and singletraining session
principles, whereas flexibility was divided across safety and
program principles only. Thereis no clear evidence that one of
the 3 main components should be emphasized more than the
other. Thus, we weighed the 3 individual component scores
(endurance, strength, and flexibility) based on thetimeall ocated
by the ACSM within a standard exercise program for health
and fitness. In addition, each section (ie, safety, program
components, and single-training session components) of the 3
components was allocated the same weight due to the lack of
evidence of one specific part being more important. For the
same reason, each atomic criterion (FITT) was weighed

http://mhealth.jmir.org/2015/3/e77/

identically. To allow further discrimination in the scoring, and
to consider criteriathat may be partially met, each criterion was
scored as O (criterion not met), 1 (criterion somewhat met), and
2 (criterion met). Finaly, the guidelines of the ACSM were
operationalized in the following manner.

According to the ACSM guidelines, aerobic exercise safety is
to be assessed with respect to 2 main criteria: the
recommendation for physical examination before starting a
program for populations at risk, and the recommendation for
choosing an activity or activities that match a new exerciser’'s
skill levels. Therefore, safety was scored as “ mests criterion”
if both recommendations were made by the app’s designers,
“somewhat met” if only 1 recommendation was made, and “ not
met” if neither was recommended. The safety of the
strength/resi stance component was assessed as“ met” if the app
did emphasize proper form and full range of motion when
possible, with controlled breathing, “somewhat met” if
controlled breathing or proper form/full range of motion was
not emphasized, and “not met” if neither controlled breathing
nor proper form was recommended. Finaly, the safety
component of flexibility was assessed in asimilar manner with
its 2 criteria being “no bouncing” and “light warm up prior to
stretching.” Program principles and single-training session
principles were scored in the same manner as safety, across all
their atomic criteria, foll owing the recommendations described
in Multimedia Appendix 1. Table 1 provides the summary of
the app quality scoring system devel oped and used by the study
team. The range of possible points was 0-14.

While the evaluation of each criterion was relatively
straightforward, each coaching app was scored independently
by 3 team membersusing iPhone devices. Notes on thefeatures
of each app, limitations, and any unique featureswere collected
from each team member for qualitative analysis. In the case of
a discrepant finding, where one of the evaluators scored
differently from the remaining 2, afourth team member served
as the arbitrator and scored the app to determine the score.
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Table 1. Scoring system for the quality of the apps for exercise prescription and programming for beginners. The point value for each item isin

parentheses.
App components Aerobic exercise Strength/resistance Flexibility
(score weight in points) (score weight in points) (score weight in points)
Safety Safety (1) Sefety (1) Safety (1)
Program princi-  Frequency (0.1667) Frequency (0.1428) Frequency (0.1428)
ples Intensity (0.1667) Intensity (0.1428) Intensity (0.1428)
Time (0.1667) Type (0.1428) Time (0.1428)
Type (0.1667) Repetitions (0.1428) Type (0.1428)
Volume (0.1667) Sets (0.1428) Volume (0.1428)
Progression (0.1667) Rest (0.1428) Pattern (0.1428)
Progression (0.1428) Progression (0.1428)
Singletraining ~ Warm up (0.25) Warm up (0.25)
session principles Conditioning (0.25) Conditioning (0.25)
Cool down (0.25) Cool down (0.25)
Stretching (0.25) Stretching (0.25)
Possiblepoints 6 6 2
Total possible score (points) 14

Statistical Analysis

Three reviewers evaluated the 30 apps during the last week of
April 2015 and scored the apps using the scoring system shown
in Table 1. An overall quality score and subscores for the 3
components of aerobic exercise, strength/resistance training,
and flexibility were generated. Basic statistics were computed
(arithmetic mean, SD, maximum for the set of thefinal 30 apps).
A threshold quality score was established to indicate whether
each app provided at least half of the content of the ACSM
guidelinesfor the overall app score and the component subscores
(3/6 points for aerobic exercise or strength/resistance
components, and 1/2 pointsfor flexibility). Inter-rater reliability
was assessed using the Krippendorff a phacoefficient [24]. The

results were visualized using box-plot mapping. Statistical
analysis was performed using R software (version 3.1.2).

Results

Binary Evaluation

Weinitially looked at appsthat met any of the recommendations
of the ACSM guidelinesto perform afirst filtering of the results.
Pertaining to the aerobic components, a bit more than half did
include some of the recommendations. On the strength/resistance
component, apps performed a bit better in the initial filtering
phase with 90% (n=27) of them meeting at least one criterion.
By contrast, they underperformed significantly on the flexibility
component with two thirds of apps not meeting any criteria at
all. These results are summarized in Table 2.

Table 2. Prevalence of apps that provided any information about the key components and principles of the ACSM guidelines, 9th edition.

Program component

Met “any” of the key components of the ACSM  Met “none” of the key components of the ACSM

Aerobic 17 (56.6%)
Strength/resistance 27 (90%)
Flexibility 10 (33.3%)

13 (43.4%)
3 (10%)
20 (66.7%)

App Quality Score

The final 30 apps included in thisreview arelisted in Table 3,
where apps are presented in order from the highest to lowest

http://mhealth.jmir.org/2015/3/e77/
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Table 3. Training and workout appsincluded in the study analysis.
Overall quality Score

App (points) Quality subscores (points)? App comments

Sworkit Lite Personal Trainer  9.01 3.92; 4.11;0.98 Provides good variation for 30-minute workouts, all
3 workout components and programming are present

The 7 Minute Workout-Get fit  5.39 2.53; 2.86; 0.00 Provides aerobic and resistance workouts, but no
fitness program elements and progression

StrongLifts 5x5 447 0.99; 3.48; 0.00 Provides workout plan and progression; mainly fo-
cused on strength training

Running for Weight Loss:. Inter-  4.16 4.16; 0.00; 0.00 Provides arunning training plan with all aerobic

val Training program elements, but no resistance training/flexibil-
ity instruction

JEFIT Workout 4.08 0.47;3.51; 0.10 Provides workouts and video examples. Program el-
ements are present, but must be set by the user

FitnessBuilder 4.04 0.99; 2.88; 0.17 Provides exercises for various body parts but no

program elements; need upgrade to progress beyond
beginner workouts

C25K-5K Trainer Free 3.67 3.67; 0.00; 0.00 Provides general progression plan to work up to
running continuously for 4.8 km (3 mi)

Ultimate Fitness Free 353 0.00; 3.53; 0.00 Provides someworkouts, payment required to access
all features, but no fitness program components

Niket+ Training Club 311 1.14; 1.92; 0.05 Social network and workout log

BodySpace 2.56 0.00; 2.31; 0.25 Substantial index of exercisesfor workouts, workouts

can come from different coaches, has pictures of ex-
ercises and demonstrations

Fitness Buddy Free 253 0.50; 2.03; 0.00 Provides workout videos and individual workout
plans; fitness program elements and progression;
targeted for women; 1 workout provided free

7-Minute Workout-Fitnessfor  2.54 1.13; 1.41; 0.00 Provides aerobic and resistance workouts, but no

Women fitness program elements and progression; targeted
for women; 1 workout provided

The Johnson and Johnson Offi-  2.44 1.22; 1.22; 0.00 Provides aerobic and resistance workouts, but no

cia 7-Minute Workout fitness program and progression elements

Fitness Point-Workout Exercise  2.05 0.00; 2.05; 0.00 Provides strength training sessions only

FitStar Personal Trainer 1.99 0.48; 1.47; 0.04 Provides log for workouts and workouts to do, pro-

videsafew workoutsfor freebut al program features
only available with subscription; good exercise
demonstrations and videos

7 Minute Workout 172 0.00; 1.72; 0.00 Provides some workouts, payment required to access
all features, but no fitness program components; good
basic fitness program

Instant Abs Trainer 164 0.00; 1.64; 0.00 Provides exercisesfor all body parts, but contains no
fitness program components

Daily Workouts Free 156 0.05; 1.44; 0.07 Provides workout exercises and video, but no fitness
program components; a“ahome-madevideo” presen-
tation

Jillian Michaels Slim Down 143 0.11; 1.27; 0.05 Features exercises for all body parts, but access to

program details must be purchased by consumer

Simply Yoga Free 1.38 0.33;0.33; 0.72 Only focuses onyoga; 1 freeworkout-only reduction;
different workouts based on experience, track
progress with pictures

Belly Fat Workout Free 1.38 0.00; 1.38; 0.00 Workouts geared to burning abdominal fat, “spot
training”
Daily Yoga-Lose Weight, Get  1.26 0.00; 0.33; 0.93 Provides exercises but no fitness program compo-
Relief nents
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Overal quality Score

App (points) Quality subscores (points)? App comments

Cardio-Heart Rate Monitor + 7  0.66 0.33; 0.33; 0.00 Heart rate monitor and tracker; has 7-minute aerobic

Minute Workout and resistance workouts to improve fitness and en-
durance but no progressive fitness programming

Daily Butt Workout FREE 0.55 0.00; 0.55; 0.00 Provides exercisesfor all legsand glutes, but contains
no program elements. Paid version includes more
exercises for various body parts

Strava Running and Cycling 0.49 0.49; 0.00; 0.00 Providesworkouts and log for workouts; only tracks
when premium is purchased by consumer

Workout Trainer 0.44 0.00; 0.44; 0.00 Provides exercises for multiple body parts and log-
ging tools. No fitness program components provided

8Fit Fitness at Home: Personal  0.33 0.00; 0.33; 0.00 Provides workouts and workout programs, but pro-

Trainer gram components and progression features are only
available after payment

Daily Ab Workout Free 0.33 0.00; 0.33; 0.00 Only an abs workout trainer, not other components

Abs Workout: Get Your Six 0.33 0.00; 0.33; 0.00 Only an abs workout trainer, not other components

Pack

Runtastic Six Pack Abs Trainer 0.33 0.00; 0.33; 0.00 Only an abs workout trainer, not other components

8Quality subscores are for aerobic; resistance; flexibility.

Among the 30 apps, only 3 apps (Sworkit Lite Personal Trainer,
C25K-5K Trainer Free, Running for Weight Loss: Interval
Training) scored above 50% on the aerobic component on a0-6
scale (mean 0.7514, SD 1.2150, maximum 4.1636). Four apps
(Sworkit Lite Personal Trainer, Ultimate Fitness Free, JEFIT
Workout, and StrongLifts 5x5) scored above 50% on the
resistance/strength component on a0-6 scale (mean 1.4525, SD
1.2101, maximum 4.1094). Finally, none of the apps scored
above 50% on the flexibility component on a 0-2 scale (mean
0.1118, SD 0.2679, maximum 0.9816). Finally, only 1 app
(Sworkit Lite Personal Trainer) had an overall score (64.3%)

above 50% on a0-14 scale (mean 2.3158, SD 1.911, maximum
9.0072). The results are summarized in Table 4 and in the box
plot of app quality scores and subscores with respect to the
ACSM recommendations (Figure 2). The inter-rater reliability
statistics on the overall app score broken down by component
(aerobic, strength, and fitness) is .636 (Krippendorff alpha).
Theaphaisrather low (<.800), which indicates alow agreement
among the 3 reviewers on the exact score. However, the 3
reviewers did agree on the fact that none of fitness and workout
apps on the market meet all of the ACSM exercise prescription
guidelines.

Table 4. Basic statistics of app quality scores based on the American College of Sports Medicine exercise prescription guidelines.

Aerobic component Strength component Flexibility component Overal quality score
Mean 0.7514933 1.452537 0.1118478 2.315878
SD 1.215081 1.210152 0.267902 1.911409
Maximal score 4.1636 4.109467 0.9816 9.0072
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Figure 2. Box plot of app quality scores and subscores relative to the American College of Sports Medicine recommendations of exercise prescription

and programming. Higher scores represent higher app quality.
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Discussion

Principal Findings

Despitetherelatively large number of fitness and workout apps,
our findings indicate that very few of them are of sufficient
quality to provide evidence-based exercise prescription,
especialy for beginners.The results are rather striking. Barely
20% (n=6) of the most popular free apps attained the quality
threshold score of 50% for 1 subscore, and only 1 app scored
above 7/14 points. During the scoring process, we collected
comments from the study team on the apps. The most frequent
criticism reported by the study team in 23 of 30 apps was that
the appsdid not provide an actual training plan, explaining how
to choose the workouts and how to organize them in a week,
although specific training sessions were provided. Only 4
provided training plans followed a safe and physiologically
sound progression. Thus, a significant gap exists in available
mobile coaching app technology, especialy for novice
exercisers. As such, there isthe risk for users to participate in
exercise programs without the appropriate level of physical
preparedness, technique, and awareness of safety concerns.

Key features of the 2 highest quality apps include components
of the training programs, exercise instruction, and a variety of
activity within exercise sessions. The 2 top scoring apps were
“Sworkit Lite Persona Trainer” and “7 Minute Workout.”
“Sworkit Lite Personal Trainer” was the most comprehensive
app that scored 9 points out of apossible 14 points and covered
all 3 ACSM components of awell-designed training program.
However, some of the exercises described may be technically
difficult for beginners, such as plyometrics, which are associated
with higher rates of injuries compared with nonstretch and
activation movement [25,26]. A strength of thisapp wasagood

http://mhealth.jmir.org/2015/3/e77/

variation of exercises for different 30-minute workout sessions
(Figure 3).

The*7 Minute Workout” app from Get fit had an overall quality
score of 5.38 points of a possible 14 points (Figure 4 shows a
screenshot of this app). The exercises were well structured and
well explained, even for novice exercisers. Useful video
demonstrations were helpful for skill development and safe
exercise execution. However, the app lacked the key elements
of afitness program, such as frequency, duration, intensity, and
training progression

Several other apps had relatively high-quality content in 1
component, but not al. For example, “ StrongLifts 5x5” and
“Running for Weight Loss: Interval Training” had high-quality
subscores for resistance exercise (3.48 points) and aerobic
exercise (4.16 points), respectively. The other subscores for
these apps were low or 0.00 points. Six apps were designed
specifically to target 1 body part or area, such as the buttocks
or abdomen, and did not address overall musculoskeletal,
aerobic, or flexibility fitness (Runtastic Six Pack Abs Trainer,
Abs Workout: Get Your Six Pack, Daily Ab Workout Free,
Daily Butt Workout FREE, Belly Fat Workout Free, and Instant
Abs Trainer). While each of these apps possesses certain value
for guiding users on specific types of exercise or to meet targeted
goals, these are not effective coaching apps for improving
overal fitnessin amanner endorsed by the ACSM. Most of the
apps provided in Table 3 were aesthetically pleasing and
interesting to view. However, several key considerations of the
user were not typically taken into account including the initial
fitness level, age, skill level, or familiarity with the exercise
type (yoga, heavy lift maneuvers, or running technique) and
exercise preferences. Most of these apps did not provide alive
socia element that could boost exercise participation rates, such
as social messaging. Importantly, many appsare not free, which
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is a barrier to users. Even among the free apps provided here,
some provided partial content, and the full benefits of the app
could only be attained after payment or subscription, such as
“Jillian Michagls Slim Down” and “FitStar Personal Trainer.”

Figure 3. Sworkit app screenshots.
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Figure 4. 7 Minute Workout app screenshots.
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Limitations

There are some limitations to this work that deserve comment.
As we noted, our scoring process is derived directly from the
time recommendations of the ACSM on aerobic exercise,
strength/resi stance, and flexibility. The quality scoresare based
on the assumption that al the atomic elements of each
component contribute equally to an athletic training program.
This may not be the case. However, this is the most rational
choicein the absence of evidence. Thereisthe potential that an
automatic query program over time may have yielded some
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Thechallengefor the general user isto sift through the hundreds
of “freg” available appsto determine what would be most useful
instructive, and safe to follow.
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additional apps that might have fit our inclusion criteria
However, we consider this a small possibility given that the
content and complexity of the training and workout apps have
been steadily improving over the last year. Additional queries
over time would provide important insight into the evolution
of thesetraining and workout apps and how usersvalue specific
content. In addition, popular apps remain rather stable over
relatively short periods. Another limitation of our study is that
we restricted ourselves to free apps. However, an informal
browsing of paying apps suggested that they do not score much
better overall, with the inclusion of coaching features, personal
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adjustments to the training program, and additional variations
of workout sessions. A few exceptions exist. For instance,
TrainingPeakswas devel oped primarily by coaches and exercise
physiologists. It provides desktop and mobile platforms for
logging workouts (running, cycling, triathlons, and strength
workouts), training articles, a variety of metrics to track
performance, ways to upload training data, and also training
plans, for a varying fee. However, it is probably too complex
for beginners, and its fees may be intimidating, and a barrier
for many users (Figure 5). Ladt, the inter-rater reliability

Figure5. TrainingPeaks app screenshots.
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Comparison With Prior Work

To the best of our knowledge, no work has previously evaluated
the quality of mobile apps that are exercise prescriptive in
nature. Some work [27-30] has been performed on the
characterization of health and fitness-related apps, presenting
the app functionalities, and studying health behavior theory
constructsin these apps. These previousworks have not assessed
the app quality with respect to well-established guidelines of
exercise prescription.

Need for Evidence-Based, Accessible M obile Coaching
for Public Use

These data strongly support the needs of developing new mobile
fitness apps that adhere to the ACSM guidelines for exercise
prescription for use in the general public. Scientifically sound
fitness programs are needed to increase physical activity among
Americans, and more generaly for public health.

Free mobile coaching apps may be a technology vehicle for
directly translating ACSM guidelinesinto changing the activity
behavior of public in a safe, scientifically sound manner. The
popularity of mobile apps may make exercise and physical
activity more appealing to different age groups. Moreover, the
use of apps may remove disparities of access to free resources
for health improvement. If effective, these apps may become
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statistics (computed using Krippendorff alpha) is rather low
(alpha=.636) in this study, which renders the necessity of a
future study to refine the instrument and eval uate its test-retest
reliability. One potential reason for a lower-than-expected
agreement coefficient isreviewers' interpretations of the ACSM
guidelines. However, our study is the very first that aimed to
evaluate fitness and workout apps with respect to ACSM
exercise prescription guidelines.In addition, al reviewers do
agree on the fact that none of the apps we reviewed met all 3
components of the ACSM guidelines.
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an important component of primary care and disease prevention
plans.

The results indicate that developers of mobile coaching apps
have a unique opportunity to make a considerable impact in the
field of health and fitness. Incorporation of the ACSM guidelines
and FITT principlesinto app platforms using easy-to-understand
language, picturesand videos, and progresstrackersfor exercise
progressioniscritical to help usersparticipatein regular activity.
Moreover, platformsthat contain educational pearlsand answer
questions (“ Should | feel this burning ache in my muscle after
| perform a set of chest press exercise?’ or “Isit normal for me
to breathereally hard and feel my heart pumping very fast when
I run hard?’) can guide the exerciser about what to expect.
Engagement of the user in the exercise process with the app
may help improve adherence, reduce anxiety about the exercise
experience, and empower the exerciser to progress further in
hig’her program by improving self-efficacy. Given the lack of
safety considerations provided in current apps, app devel opers
can immediately improve app quality by including key
information such as contraindications to exercise, when to see
adoctor before starting an exercise program, what painisnormal
and what is not, and what precautions should be taken when
exercising in hot weather or outside in the dark. Finally,
coaching apps should be flexible with respect to individual
preferences and availability to exercise equipment. Accounting
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for user exercise-type preferences is essential for exercise
consistency and adherence over the long term.

Conclusions

The study team analyzed the content of 30 apps that met the
inclusion criteria and were considered exercise prescriptive.
These apps were scored with respect to the quality of
information provided relevant to the current guidelines of the

Modave et al

did not meet the basic recommendations of the ACSM for
exercise prescription, and therefore, would not be suitable for
beginning exercisers. Free apps designed with the 3 key
components of ACSM exercise programming following the
FITT principle, safety, and individual session structure are
desperately needed for public use. These apps can be the basis
for setting and safely achieving fitness, body weight, and health
goals.

ACSM. Nearly al the apps, athough technically well designed,
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Abstract

Background: Both clinicians and patients use medical mobile phone apps. Anyone can publish medical apps, which leads to
contents with variable quality that may have a serious impact on human lives. We herein provide an overview of the prevalence
of expert involvement in app devel opment and whether or not app contents adhere to current medical evidence.

Objective: To systematically review studies evaluating expert involvement or adherence of app content to medical evidencein
medical mobile phone apps.

Methods: We systematically searched 3 databases (PubMed, The Cochrane Library, and EMBASE), and included studies
evaluating expert involvement or adherence of app content to medical evidence in medical mobile phone apps. Two authors
performed data extraction independently. Qualitative analysis of the included studies was performed.

Results: Based oninclusion criteria, 52 studies were included in this review. These studies assessed atotal of 6520 apps. Studies
dealt with a variety of medical specialties and topics. As much as 28 studies assessed expert involvement, which was found in
9-67% of the assessed apps. Thirty studies (including 6 studies that al so assessed expert involvement) assessed adherence of app
content to current medical evidence. Thirteen studies found that 10-87% of the assessed apps adhered fully to the compared
evidence (published studies, recommendations, and guidelines). Seventeen studies found that none of the assessed apps (n=2237)
adhered fully to the compared evidence.

Conclusions: Most medical mobile phone apps lack expert involvement and do not adhere to relevant medical evidence.

(JMIR mHealth uHealth 2015;3(3):€79) doi:10.2196/mhealth.4169

KEYWORDS
mHealth; mobile apps; technology

[2-5]. Patients use apps for disease information, screening,
self-treatment, and management [6-9]. One may rightly ask,
“Who provides us our app content?’ Currently, anyone can
publish medical apps. Although some app stores check for
fulfillment of a number of technical criteria (eg, whether the
app crashes upon launch), no one validates the medical content
and no expert approval or peer-review systems exist.

Introduction

Background

Mobile health is growing [1]. Mobile apps are frequently used
indaily clinical practice and enableimmediate on-the-go access
tokey clinical information that supportsclinical decision making
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Consequently, there are apps with variable quality:
opioid-conversion apps suggest medication doses that may
threaten patient safety [10], asthma self-treatment apps contain
potentially life-threatening information [11], and very few apps
on cardiopulmonary resuscitation are actualy designed
according to existing basic life-support guidelines [12].

Objective

From the aforementioned discussion, it is obvious that we need
an overview of the literature to understand the extent of this
problem. In this paper, we review studies that evaluate quality
of medical apps by evaluating expert involvement or adherence
of app content to medical evidence. We relate our findings to
current initiatives that seek to encounter this problem.

Methods

Eligibility Criteria

We followed the Preferred Reporting Items for Systematic
Reviewsand Meta-Analyses (PRISMA) guidelinesfor reporting
systematic reviews[13]. Weincluded studies evaluating expert
involvement or adherence of app content to medical evidence
in medical mobile phone apps. The following studies were
considered eligible: (1) investigating medical mobile phone
apps within a predefined topic using a search strategy, and (2)
assessing expert involvement or adherence to relevant medical
evidence. Given that the definition of an expert and acceptable
credentials may vary widely, we did not restrict the inclusion
of studies to our own definitions of these concepts. Similarly,
the degree of adherence to relevant medical evidence was not
defined in advance; instead, we noted theincluded studies own
definitions and judgments. Language was restricted to only
English. Case studies and reviews of asingle app were excluded,
because they did not include a search strategy to systematically
review available apps.

Search Strategy and Study Selection

We searched existing literature through the bibliographic
databases PubMed, The Cochrane Library, and EM BASE using
the following search terms: (“smartphone” OR “iPhone” OR
“Android”) AND (“app” OR “application”). This broad search
string was used to i dentify as many relevant studies as possible.
Thelast search was performed March 17, 2015. One researcher
(YS) removed al duplicates and screened all abstracts. All
potentially eligible studies were read in full by 2 independent

http://mheal th.jmir.org/2015/3/e79/

Subhi et &

researchers (YS and SRB). Disagreements were resolved by
discussion. References of all included studies wereread to find
additional eligible studies. We only included studies with
original data.

Data Collection and Synthesis of Results

Theresearch group piloted adata-extraction form. We extracted
information on topic, app stores searched, methods used for
assessment of expert involvement/adherence to medical
evidence, and study results. Two researchers (YS and SHB)
extracted data independently. Disagreements were solved
through discussion and consensus. Microsoft Excel (Redmond,
WA, USA) was used for data collection and management. The
heterogeneity of the studies did not permit pooling of study
resultsto conduct ameta-analysis. All studieswereincluded in
aqualitative analysis.

Results

Studies I dentified

The broad search strategy yielded 1936 records, of which agreat
number were duplicatesor irrelevant (eg, mobile-phone-assisted
data collection in biomedical research). Fifty-two studies were
identified asrelevant, and included in thisreview. These studies
assessed 6520 apps. Details on search and study selection are
presented in Figure 1.

Included studies are presented in Tables 1 and 2. Topics tended
to be broader for studies of expert involvement (eg, dermatology
[14], ophthalmology [15], or pain management [16-18]),
whereas studies on adherence to medical evidence tended to be
more specific (eg, asthma self-management [11], prostate cancer
[19], pediatric obesity [20,21]). Studies included a median of
71 apps (interquartile range 41-148), and studies of expert
involvement tended to have slightly higher number of included
appswith amedian of 85 apps (interquartile range 39-192 apps),
compared with studies of adherence to medical evidence having
amedian of 63 apps (interquartile range 40-104 apps). Studies
reviewed mostly included appsfrom the Apple App Store (n=49,
98%) and Google Android Market (n=36, 71%). Fewer studies
included apps from less popular app stores such as BlackBerry
Market (n=19, 38%), Windows Market (n=16, 32%), Nokia
Ovi (n=11, 22%), and Samsung Market (n=9, 18%). Studies
that included a search in these less popul ar app storeswere often
unable to find any relevant apps for inclusion [10,16,22-26].
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flow diagram of search results and study selection.
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Studies on Expert Involvement

Twenty-eight studies assessed 3852 appsfor expert involvement
(Table 1). These studies dealt with topics within a variety of
medical speciaties and topics. The following 2 topics were
assessed more than once: pain management (n=3) [16-18] and
bariatric surgery (n=2) [22,23]. Studies mostly used the app

http://mheal th.jmir.org/2015/3/e79/
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- Mo evaluation of expert
involvement or adherence to
evidence (n = 19)

- Duplicate record (n = &)

stores app description (n=28, 100%) and the developers
website (n=15, 54%) to determine whether an app had expert
involvement. Nine studies (32%) also downloaded the apps.
All studies found that at least some of the assessed apps had
expert involvement and none found expert involvement in all
assessed apps. Overall, expert involvement wasfoundin 9-67%
of assessed apps.
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Table 1. Included studies with assessment of expert involvement.®P¢d

Ref-  Topic App stores in study® Assessment Apps Expert in-
er- based on in volvement
ence study
Apple  Google Black- Windows NokiaOvi Samsung pf w9 ch N n (%)
Play Berry Phone
World  Store
[27]  Addiction recovery - +/+ - - - - + + - 87 11 (12.6)
[22]  Bariatric surgery ++ ++ +- +- - +- + o+ - 83 32 (38.6)
[23] Bariatric surgery +/+ +/+ +/- - - - + - + 28 12 (42.9)
[28] Breast diseases +/+ +/+ +/+ ++ - - + + - 148 19 (12.8)
[29] Cardiothoracic surgery — +/+ +/+ - - - - + + - 379 78 (20.6)
[30] Colorectal diseases ++ ++ ++ ++ ++ +- + - - 63 21(33.3)
[31] Contraceptivereminder  +/+ +/+ - - - - + - + 32 3(9.4)
[32] Depression ++ ++ ++ ++ ++ - + - - 243 30(12.3)
[14] Dermatology ? ? ? ? ? ? + + - 61 39 (63.9)
[33] Headache +/+ +/+ - - - - + - + 38 7(18.4)
[34] Hepatitis ++ ++ - - - - + - + 23 13 (57.5)
[35] Hernia +? +? +? +? +? +? + + - 26 9 (34.6)
[36] Humanimmunodeficien- +/+ +/+ - - - - + - + 41 20 (48.8)

cy virus/acquired im-
mune deficiency syn-

drome
[37] Medical hypnosis +/+ - - - - - + o+ - 407 141 (34.6)
[38] Melanomadetection +/+ +/+ - - - - + - - 39 4(10.3)
[24] Microbiology +/+ +/+ +/+ +/+ +/- +/- + + - 94 32 (34.0)
[39] Neurosurgery ++ ++ - - - - + o+ - 111 73 (65.8)
[15] Ophthalmology +/+ - - - - - + - - 182 68 (37.4)
[10]  Opioid conversion +/+ +/+ +/+ ++ +/- +/- + + + 23 11 (47.8)
[16]  Pain management +/+ +/+ +/+ +/- +/- - + - - 104 15 (14.49)
[17]  Pain management +/+ +/+ - - - - + + + 12 2(16.7)
[18]  Pain management +/+ +/+ +/+ - - - + + + 220 77 (35.0)
[40] Pharm_a:pl ogy anddrug +/+ +/+ +/+ ++ +/+ ++ + + - 306 206 (67.3)

prescription
[25] Radiology ++ ++ ++ ++ ++ +- + o+ - 321 185 (57.6)
[41]  Stroke +/+ +/+ - - - - + - - 93 44 (47.3)
[42] Surgery +/+ +/+ - - - - + - - 597 72 (12.1)
[43]  Urolithiasis ++ ++ ++ ++ - - + - + 42 15(35.7)
[26] Vascular diseases ++ ++ +- +- +- +- + o+ - 49 13 (26.5)

84 /+ indicates that the app store was searched and that apps were found.

b4 /- indicates that the app store was searched, but no apps were found.

C. indicates that the app store was not searched.

92 indicates that whether or not the app store was searched was unclear.

€ We have included both the app stores searched and the app stores in which included apps were found.
f App description from the app store

9 Developer's website

P Downloaded app content
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Studies on Adherenceto Medical Evidence

Thirty studies assessed 3051 apps for adherence to medical
evidence (Table 2). Six topics were investigated in more than
1 study: weight loss (n=4) [44-47], smoking cessation (n=3)
[48-50], disease self-management (n=3) [11,51,52], pediatric
obesity (n=2) [20,21], physical activity (n=2) [53,54], and sports
injury (n=2) [55,56]. Remaining studies investigated apps on a
diverse range of topics. Assessment was mostly based on
downloaded app content (n=24, 86%). In 2 studies, it was
unclear whether the assessment was based on downloaded app
content [52,57]. Three studies only used the app stores' app
description for the assessment [38,44,58]. Studies compared
the apps with a variety of forms of medical evidence. For
example, smoking cessation appswere compared with US Public
Health Service'sclinical practice guidelinesfor treating tobacco
use and dependence [48,49]. Several studies correlated the app
contents with available Cochrane reviews, other systematic

http://mheal th.jmir.org/2015/3/e79/
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reviews, or other published evidence[10,11,28,38,41,55,58-60].
In 6 studies, the assessment relied on criteria for ideal app
contents as defined by the authors [33,61] or whether the app
contents adhered to the general knowledge of the authors
[19,43,46,62]. In 17 studies, none of the assessed apps (n=2237)
adhered fully to the compared evidence
[11,20,21,33,38,44-49,51-54,58,61]. In the remaining 13 studies,
10-87% of the assessed apps showed complete adherence to
medical evidence [10,12,19,28,41,43,50,55-57,59,60,62]. Of
these, only 5 studies found that more than half of the assessed
apps showed complete adherence to medical evidence
[19,41,56,60,62]; of note, 2 of these were based on the authors
own self-stated expertise [19,62]. In most studies, a number of
apps adhered partly to the assessed evidence. No topic was
clearly associated with a higher or lower prevalence of
adherenceto available evidence—lack of adherence was highly
prevalent in all studied topics.
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Table 2. Included studies with assessment of adherence to available evidence 4

Refer-  Topic App stores in study® Assessment based ~ Adherence to evi- Apps Complete
ence on dence based on in adher-

study  encef

Apple  Google Black- Win- Nokia  Sam- DY wh d N n (%)
Play Berry dows Ovi sung
World  Phone
Store

[58] Alcohol use  +/+ - - - - - + - - Evidence-based princi- 767 0(0.0)
ples from published
reviews, from the
website of the Nation-
a Ingtitute on Alcohol
Abuse and Alco-
holism and the Ameri-
can Psychological As-
sociation

[17] Asthmaself- +/+ +/+ +/+ +/+ - - - - + Correlationwithinter- 103 0(0.0)
management national guidelines,
systematic reviews,
and best practices

[28] Breastdiss  +/+ +/+ +/+ +/+ - - + + - Correlationwithinter- 148 21(14.2)
eases national guidelines,
systematic reviews,
and best practices

[62] Cancer ++ - - - - - - - + The authors general 77 42 (54.5)
knowledge onthearea

[51] Diabetes ++ - - - - - + - + Inclusion of behaviors 227 0(0.0)
self-manage- recommended by the
ment American Association
of Diabetes Educators
[59] Eatingdisor- +/+ +/+ +/+ +/+ +/+ - + - + Correlationwithinter- 13 2(15.9)
ders national guidelines,

systematic reviews,
and best practices

[33] Headache ++ +/+ - - - - + - + Criteriafor anideal 38 0(0.0)
app as defined by the
authors
[57] Hyper-ten-  +/+ - - - - - - - ? Conformity to guide- 96 15 (15.6)
sion lines
[52] Hyperten- +/+ - - - - - + - ? Adherence to the 58 0(0.0)
sion self- Canadian Hyperten-
management sion recommendations
[61] Medication — +/+ +/+ +/+ - - - + - + Ranking by authors 147 0(0.0)
adherence consensus on desir-
able app content
[38] Melanoma  +/+ +/+ - - - - + - - Correlationwithinter- 39 0(0.0)
detection national guidelines,

systematic reviews,
and best practices

[60] Oncology +/+ +/+ +/+ +/+ - - - - + Correlationwithinter- 50 33 (66.0)
national guidelines,
systematic reviews,
and best practices

[10] Opioidcon-  +/+ +/+ +/+ +/+ +/- +/- + + + Assessment of 23 11 (47.8)
version whether the appsrefer
to any publication or
source to the algo-
rithms used
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Refer-  Topic App storesiin study® Assessment based  Adherenceto evi- Apps  Complete
ence on dence based on in adher-
study  encef
Apple  Google Black-  Win- Nokia  Sam- DY wh ¢ N n (%)
Play Berry dows Ovi sung
World  Phone
Store
[20] Pediatric ++ - - - - - + - + Inclusion of recom- 57 0(0.0)
obesity mended strategies and
behavioral targets of
the Expert Committee
for Pediatric Obesity
Prevention
[21] Pediatric ++ - - - - - + - + Adherenceto Ameri- 62 0(0.0)
obesity can Academy of Pedi-
atrics' guidelines for
the prevention of pedi-
atric obesity
[53] Physical ac- +/+ - - - - - - - + Ratingonascalefrom 127 0(0.0)
tivity 0to 100 based on in-

clusion of instruments
from evidence-based
behavior changetheo-

ries
[54] Physical ac- +/+ +/+ - - - - + - + Rating based onthe 64 0(0.0)
tivity taxonomy of behavior

change techniques
used in interventions

1 Prostatecan- +/+ - - - - - - - + The authors' gener 15 1 7

[19] / h h al 3(86.7)
cer knowledge onthearea

1 Resuscita- +/+ +/+ - - - - - - + Adherencetothere- 4 1 .

[12] i / / dh h 6 6 (34.8)
tion suscitation guidelines

from the European
Resuscitation Council
and American Heart

Association
[48] Smoking +/+ - - - - - + - + Coding accordingto 47 0(0.0)
cessation itemsinthe USPublic

Health Service'sclini-
cal practiceguidelines
for treating tobacco

use and dependence
[49] Smoking +/+ +/+ - - - - - - + Coding accordingto 98 0(0.0)
cessation itemsinthe USPublic

Health Service'sclini-
cal practiceguidelines
for treating tobacco

use and dependence
[50] Smoking +/+ +/+ - - - - + - + Inclusion of features 175 18 (10.3)
cessation that arein accordance
with the self-determi-
nation theory
[55] Sportsinjury  +/+ - - - - - + - + Correlation with 18 5(27.8)

available Cochrane
reviews, other system-
atic reviews, or other-
wise available evi-
dence

[56] Sportsinjury  +/+ +/+ +/+ +/+ +/+ +/+ + - + Adherencetoitemsin 18 12 (66.7)
the Sports Concussion
Assessment Tool 2
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Refer-
ence

Topic

App storesin study®

Apple  Google

Play

Black-
Berry
World

Win-
dows
Phone
Store

Nokia
Ovi

sung

Assessment based
on

D¢ wh &

Adherence to evi-
dence based on

Apps
in

study
N

Complete
adher-
encel

n (%)

Stroke

+/+ +/+

Correlation with inter-

[41]

[43]  Urolithiasis +/+ ++ ++

[44] Weight loss ~ +/+ - - - -

[45] Weight loss  +/+ ++ - - -

[46] Weight loss  ? +/+ ? ? ?

+/+ - - - -

[47] Weight loss

93 55 (59.1)
national guidelines,

systematic reviews,

and best practices

The authors general 42
knowledge onthearea

6 (14.3)

13evidence-informed 204
practices as defined

by the Centers for

Disease Control and
Prevention, National
Institutes of Health,

the Food and Drug
Administration, and

the US Department of
Agriculture

0(0.0)

Inclusion of behav- 30
ioral strategies from
evidence-based

weight loss interven-
tions

0(0.0)

The authors general 65
knowledge onthearea

0(0.0)

Evaluation of the
qudity of healthinfor-
mation using the Sil-
berg scale

104  0(0.0)

& /+ indicates that the app store was searched and that apps were found.
b4 /- indicates that the app store was searched, but no apps were found.
€. indicates that the app store was not searched.

9 Studies in which thisis unclear is noted with “ 2’

€ \We have included both the app stores searched and the app stores in which included apps were found.

f Complete adherence is present for an assessed app when it meets the individual study’s definition of complete adherence to the relevant guidelines,
recommendations or scientific content. As such, a“0” in this column means that no single app assessed met the criteria for complete adherence.

9 App description from the app store
P Devel oper'swebsite
' Downloaded app content

Discussion

Principal Findings

Medical apps may save lives; with no regulation of the content,
however, we fear that they may also do harm. Studies in this
review focused on awide range of medical topics, app platforms,
and assessment methods and al reached one general conclusion:
medical mobile phone apps generally lack expert involvement
and do not adhere to relevant medical evidence. Expert
involvement was found in 9-67% of assessed apps. Adherence
to medical evidence was found in 10-87% of the assessed apps
in 13 studies, and in none of the assessed apps in 17 studies.
Medical professionals and patients should be aware of this, as
mobile phones increasingly play a role in medical education

http://mheal th.jmir.org/2015/3/e79/

RenderX

[5], clinical decision making [2], and patient empowerment
[6-9].

For the common user, it may be practically impossibleto assess
whether or not an app adheres to current evidence and
guidelines. In some cases, the app descriptions include
references to publications from which the content is based.
Levels of evidence as defined by the Oxford Centre for
Evidence-Based Medicine state that systematic reviews and
individual studies rank higher than opinions of an expert, but
an expert opinion ranks better than nothing [63]. Hence,
although expert involvement does not guarantee adherence to
relevant medical evidence, it may be safer to have an expert
involved than none.
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Cheap and technically simple methods enable experts and
cliniciansto develop medical apps on their own [64-67]. These
methods are based on Web apps developed using tools with a
simple interface, hosted online, and distributed by the experts
and clinicians [64-67]. Published examplesinclude 1 Web app
with clinical instructional videos for joint examination and 1
Web app with videos on psychiatric assessments and
psychopathology lessons[65,67]. These works demonstrate that
itispossiblefor expertsto develop Web apps on their own with
useful results[64,66]. However, 1 study in our review assessed
both expert involvement and adherence of content to published
evidence among opioid-conversion apps, and found that expert
involvement per se does not necessarily lead to medical
correctness of the content [10].

Apps can be considered an interactive way of communicating
knowledge. We aready use peer-review systems for such
purposes—at least in scholarly journals—and one way of
ensuring medically correct apps could be through peer reviews,
which due to the unregul ated nature of app stores would arrive
after app publication. There are examples of short publications
in medical journals of areview of 1 or more apps [68,69], and
app developers are able to get an independent app review by
submitting a request to Journal of Medical Internet Research
mHealth and uHealth [70]. In addition, dedicated Web pages
for app reviews exist [71,72]. One example of thisisthe Health
AppsLibrary, which isdevel oped and supported by the National
Health Service in the United Kingdom [72]. The Health Apps
Library enables developers to submit their app for review by
clinicians that assesses whether the app is relevant to peoplein
the United Kingdom, provideinformation from trusted sources,
and comply with relevant data protection regulations[72]. The
clinician then decides whether the app can be approved and
published on the Health Apps Library [72]. However, even if
areview exists, the user may not be aware of this. If the review
is undesirable, the app developer may omit from referring to
the review, which creates a bias. Previous studies on health
information on the Internet reported similar results—some
sources provide medically correct information, and some do
not [ 73]—therefore, the problem highlighted in our systematic
review is not new. However, some differences do exist when
dealing with apps, which may allow to address this problem in
the future. Apps are already reviewed by app stores before
publication and app stores provide a streamlined access to
content. Therefore, one possible way of addressing this problem
could involve the collaboration between app stores and a
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regulatory third party such as the Health Apps Library when
publishing apps with medical content.

Limitations

Limitations of our approach should be noted. Apps can have
expert involvement without stating it to the user, and app content
may be accurate without referring to medical publications. In
addition, apps with expert involvement can also contain
inaccurate information, and referring to medical publications
does not prevent out-of-date or inaccurate content. None of the
studiesincluded assessment of the actual use of the apps, which
would provide an interesting dimension to our research question,
as owning an app does not necessarily mean that the apps is
used. These dimensions may be enlightened by future studies.
Our review found that different methods were used for the
assessment of expert involvement and medical adherence. Some
studies assessed expert involvement or adherence to medical
evidence only by reviewing the app descriptions in the app
stores and by visiting the app devel opers’ website (Tables 1 and
2). For example, 1 study reviewed apps dealing with alcohol
abuse and categorized each app’s approach using the app
description [58]. We acknowledge that in some cases, this
approach may provide sufficient results. However, one should
note that app descriptions do not necessarily reflect the actual
app content. Therefore, future studies are encouraged to
download and review actual app content. A clear consensus on
a methodological golden standard does not exist, but we are
currently seeing inspiring studies that explore different methods
that evaluate authorship and content [47,74]. One recent example
isthe Mobile App Rating Scale (MARS), a 23-item assessment
tool that provides quality scoresfor an app within 5 dimensions
(engagement, functionality, aesthetics, information quality, and
subjective quality), which demonstrated ahigh level of internal
consistency and inter-rater reliability [74]. Reliable tools such
asthe MARS are important for the future direction of how and
what to review, and may help future research in providing more
comparable results.

In conclusion, most medical mobile phone apps lack expert
involvement and do not adhere to relevant medical evidence.
Because mobile phones are highly prevalent among medical
professionals and patients, this poses a significant problem.
Review services do exist, but additional effort is needed, and
attention to the problem may help the community to figure out
the solutions of the future.
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Abstract

Background: Mobile technology is pervasive and widely used to obtain information about drugs such as cannabis, especially
in aclimate of rapidly changing cannabis policy; yet the content of available cannabis apps is largely unknown. Understanding
the resources availabl e to those searching for cannabis appswill clarify how thistechnology is being used to reflect and influence
cannabis use behavior.

Objective: Weinvestigated the content of 59 cannabis-related mobile apps for Apple and Android devices as of November 26,
2014.

Methods: The Apple and Google Play app stores were searched using the terms “cannabis’ and “marijuana.” Three trained
coders classified the top 20 apps for each term and each store, using a coding guide. Apps were examined for the presence of 20
content codes derived by the researchers.

Results. Total apps available for each search term were 124 for cannabis and 218 for marijuanain the Apple App Store, and
250 each for cannabis and marijuanaon Google Play. Thetop 20 appsin each category in each store were coded for 59 i ndependent
apps (30 Apple, 29 Google Play). The three most common content areas were cannabis strain classification (33.9%), facts about
cannabis (20.3%), and games (20.3%). In the Apple App Store, most apps were free (77%), all were rated “17+" years, and the
average user rating was 3.9/5 stars. The most popular apps provided cannabis strain classifications (50%), dispensary information
(27%), or general facts about cannabis (27%). Only one app (3%) provided information or resources related to cannabis abuse,
addiction, or treatment. On Google Play, most apps were free (93%), rated “high maturity” (79%), and the average user rating
was4.1/5. Themost popular app types offered games (28%), phone utilities (eg, wall paper, clock; 21%) and cannabisfood recipes
(21%); no apps addressed abuse, addiction, or treatment.

Conclusions: Cannabisappsaregeneraly freeand highly rated. Appswere most often informational (facts, strain classification),
or recreational (games), likely reflecting and influencing the growing acceptance of cannabisfor medical and recreational purposes.
Apps addressing addiction or cessation were underrepresented in the most popular cannabis mobile apps. Differences among
apps for Apple and Android platforms likely reflect differences in the population of users, developer choice, and platform
regulations.

(JMIR mHealth uHealth 2015;3(3):e81) doi:10.2196/mhealth.4405

KEYWORDS
cell phones; mobile apps; cannabis
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Introduction

Cannabisisthe most widely used illicit substance in the United
States, with 19.8 million US residents (7.5%) age 12 or older
reporting past-month use in 2013 [1]. In 2012, the prevalence
of cannabis use surpassed that of cigarette smoking among youth
age 12 to 17, and this continued into 2013 and 2014 [1,2].
Cannabis use and itslegalization are contested issues, as policy
changes have led to increases in the availability of cannabisfor
medical and recreational usein the United States, and problems
associated with using cannabis (eg, diagnoses of cannabis use
disorder) [3]. Cannabis remains a Schedule | substance under
US federal law; however, two US states have legalized retail
cannabis, two additional states and the District of Columbia
have passed |egislation to legalize use, and 33 states and Guam
have legalized medical cannabis use. These state-level policy
changesin the United States and the continued tension between
federal and state laws have led to a proliferation of
cannabis-related information in the United States and across
the world.

Mobile technology, including the mobile phone, has been a
vehiclefor cannabis-related news and information. With aglobal
audience totaling up to 1.75 billion in 2014, mobile phone
technology is pervasive and widely used [4]. Mobile phones
have revol utioni zed mobile communi cation technol ogy through
the availability of Internet access. Mobile phones also allow
users to download apps, which are programs designed
specifically for mobile phone operating systems. In June 2014,
Apple announced that 75 billion apps had been downloaded
from its App Store for the iPhone/iPad [5], and a June 2014
report showed that downloads from Google Play for Android
devices had reached roughly 80 billion [6]. Market research
firms have estimated that in 2015, there will be nearly 3 billion
devices running the Android operating system and 500 million
running the Apple operating system (iOS) worldwide [6].

People are increasingly turning to mobile phones to get
information about potential health risk behaviors such as
cannabisuse. A majority of users (52% of Americans) usetheir
mobile phones to gather health-related information [7].
However, it is unclear what is available to them when they do
seek out this information.

Some previous work has characterized the content of mobile
apps related to substance use. A review of 384 alcohol-related
apps available on Apple’'s App Store and Google Play found
that the majority of appswere primarily for entertainment (50%)
or claimed to provide ablood alcohol concentration (39%), and
the latter apps were highly unreliable. Only 11% of apps
supported the safety of reduction/cessation of drinking [8]. A
review of 87 addiction apps on Google Play in 2012 found that
apps typically provided information on recovery, content to
enhance motivation and promote social support, and tools to
monitor progress [9]. Abroms and colleagues conducted two
reviews of mobile apps for tobacco cessation, and concluded
that these apps generally do not adhere to US Clinical Practice
Guidelinesfor smoking cessation [10,11]. Jacobs and colleagues
[12] classified Facebook apps for smoking cessation, similarly
concluding that the few available apps had low adherence to
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recommended guidelines. There has not been acontent analysis
of mobile appsrelated to cannabis use, and it isunclear whether
available apps address addiction or cessation at all.

Other content analyses have evaluated the scientific rigor of
health-related mobile apps. Cowan et al [13] found that iPhone
apps targeting physica activity were generally lacking in
theoretical content, and higher-priced apps and those that
addressed a broader activity spectrum incorporated more
theoretical content. In an evaluation of iPhone diet apps, West
et al [14] found most apps to be theory deficient and provide
only general information or assistance. Breton and colleagues
similarly concluded that only a small fraction (15%) of apps
for weight control adhered to 5 or more of 13 practices
recommended by government agenciesfor the control of weight
[15]. Content analysis of apps for pediatric obesity prevention
(weight loss, healthy eating, physical activity) found that most
apps (62%) lacked any expert recommendations, and those that
did werelimited in the number of recommendations made (mean
3.6, SD 2.7 out of 15 defined guidelines). More than half (56%)
of the apps were games, consistent with strategies appealing to
young people [16]. Other reviews showed a similar lack of
comprehensive, scientific information for asthma management
[17], and variance in adherence to established guidelines for
first aid by source [18] and for cancer information by target
audience (health care professionals vs the public) [19]. Results
of these studies highlight that, although the material is vast,
there is a lack of information with scientific grounding or
theory-based interventions available to users.

A report of young adults' perspectives on apps for health
behavior change showed that young adults have an interest in
using such apps, and that accuracy, legitimacy, security, effort
required, and immediate effects on mood were important
influences on app usage [20]. It isunclear whether mobile apps
for cannabis use address health behavior change in any way.
Given widespread cannabis use, political controversy
surrounding its legalization, and the potential for mobile
technology to deliver information about cannabis to a large
body of usersworldwide, thereisaneed to understand the nature
of available cannabisinformation on mobile phones. This study
analyzed the top cannabis-related mobile apps on Apple’'s App
Store and Google Play in terms of app characteristics (price,
rating, download range) and content codes (strain classification,
laws, games, social media, medicina use, etc). Findings will
inform how cannabisis portrayed in the context of mobile apps,
describe what (if any) health information is conveyed in
cannabis apps, and highlight gaps in available information.

Methods

I dentifying Cannabis Apps

We used several strategies to identify apps that would be most
likely encountered by users seeking cannabis-related
information. First, asearch for the most commonly used words
for “cannabis’ was performed a the website
UrbanDictionary.com in January 2014. A total of 110 commonly
used and slang terms were listed, and used as search terms on
Apple's App Store and Google Play. At the time of searching,
Google Play reported up to 250 appsfor each term and all terms
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had 250 results. On Apple's App Store, the number of results
differed widely by search term. Termswith meanings other than
strictly cannabis (eg, “bomb,” “zombie,” “pot”) had moreresults
than those referring primarily to cannabis (eg, “marijuana’).
The first, second, and third authors made a decision not to use
terms that could refer to something other than cannabis, and
used the frequency of search results for al remaining termsto
inform the final choice to use the terms “cannabis’ and
“marijuana’ for the content analysis.

A search for apps using the keywords “marijuana” and
“cannabis’ was then performed on Apple's App Store and
Google Play on November 26, 2014. The first 20 results for
either search term in both stores were considered for coding.
Any app that did not duplicate a previous result was coded for
content. Only thefirst 20 resultswere chosen for analysis based
on consensus among investigators that users rarely go beyond
thefirst 1-2 screensin app stores, arationale similar to that used
in a content analysis of electronic cigarette websites [21]. The
total number of apps analyzed in this exploratory project was
comparable to previous reviews of tobacco smoking cessation
appsthat included 47 [10] and 98 apps[11], and areview of 12
Facebook apps for smoking cessation [22].

Coding Guide Development

In January 2014, a research staff member, supervised by the
first author, searched the Apple App Store and Google Play
store using the term “marijuana’ and selected the top 10 apps
in each store (20 apps total) to develop a coding guide, similar
to the procedure used by Grana and Ling [21] for electronic
cigarette websites. The staff first drafted a guide relevant to
cannabis apps, including prompting for all featuresincluded on
the Apple App Store and Google Play, and content codes. In
March 2014, acoder who did not participatein thefinal coding
process for the analysis again selected a sample of top 10 apps
from each store using the search term “marijuana’ (for atotal
of 20 apps), coded them and further revised the coding guide.
The top apps listed for searches change quickly; therefore, the
apps that were in the top search results during the coding guide
development may not have been in the top results at the time
of thefinal content analysis.

Throughout the coding guide development process, the guide
was reviewed iteratively by the first three authors, refined, and
retested to generate consistent definitions and examples.

In March 2014, 2 coders were trained by the first author and a
sampl e of appswere coded and eval uated for reliability. Twenty
apps (10 Apple's App Store, 10 Google Play, not necessarily
included in the final sample) resulting from the search term
“marijuana’ were used for training, and reliability with Kappa
ranged from .62 (medicinal use) to .89 (news). Any
discrepanciesin coding were discussed with thefirst author and
aconsensuswas reached. After reliability was established, apps
meeting search criteria for the main analysis (search terms
“cannabis’ and “marijuana’) were divided and given to the
same 2 coders. Coders downloaded all free and paid apps to
examinefeatures. In November 2014, athird coder downloaded
and coded all 59 apps reported in this analysis. Reliability for
the 8 apps that were the same on Apple's App Store under the
search term “cannabis’ in March and November 2014 ranged

http://mheal th.jmir.org/2015/3/e81/

Ramo et al

from .71 (facts) to 1.00 (all other categories), indicating strong
reliability.

Coding Guide

The final guide included coding for basic information about
app compatibility (eg, type of mobile phone, version of operating
system required for use), and basic description of the app based
on information reported by Apple’'s App Store or Google Play
(name of the app, URL, age restriction based on Apple’'s App
Store or Google Play categories, average user ratings based on
Apple’'s App Store or Google Play ratings, total app installs
[Google Play only], and any exact feesfor app use). Categories
of apps as specified by Apple’'s App Store or Google Play were
also coded. Explanations of Apple App Store categories were
available online[23]. No description of categorieswas available
for Google Play.

Each mobile app was coded for the presence of each of the
following content codes: (1) Utilities (including phone
wallpaper, battery widget, backgrounds, clock widget, weather
widget, brightness widget, toggle widgets [wifi, sound,
auto-rotate, data], unit converter weight scale); (2) News
(cannabis-related); (3) Social Media (apps alowing for
connection with other users); (4) Medicinal Use (connection
with doctors who prescribe medicina cannabis); (5) Recipes
for cooking with cannabis; (6) Games (cannabis-themed); (7)
Cannabis Strain Classification (pictures, videos, information
about the effects of each strain, ability to upload pictures of
cannabis); (8) Information on Growing Cannabis (eg,
information on seed fermentation or ideal growing conditions);
(9) Dispensaries (medical or recreational, globa vs specific
region, contacting adispensary, offer of discountsfor dispensary
products); (10) Laws pertaining to cannabis (including in any
US state or another geographic region); (11) Cannabis Social
Gatherings (descriptions, directions to cannabis events); (12)
Cannabis Cup results; (13) Cannabis Smoking Etiquette (eg,
“how” to smoke, things not to do); (14) Cannabis Dictionary;
(15) Facts about cannabis; (16) Cannabis Abuse, Addiction or
Treatment; (17) Virtual Smulation (eg, smoking avirtua joint,
realistic joint rolling); (18) Log of cannabis use (record of
previoudy tried marijuana/cannabis strains and/or flavors, daily
use of joints/blunts, and/or daily growth of marijuana/cannabis
plants); (19) Cannabis Jokes; and (20) Cannabis Quotes. A
single app could include any number of categories. Examples
of each content code are listed in Table 2, and screenshots of
sample apps are in Multimedia Appendix 1.

Data Analysis

We calculated the frequency of results from each search term
related to cannabis and determined the best search terms for
content coding. Once coding was completed, we calculated
frequencies and used descriptive statistics to characterize apps.
Microsoft Excel was used for all analyses.

Results

Content Analysis

Total apps available for each search term were 124 for
“cannabis’ and 218 for “marijuana” on Apple’'s App Store, and
250 each for “cannabis’ and “marijuana’ on Google Play.
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Within the top 20 apps for each search term (“cannabis’ and
“marijuana’) in each store, therewere 10 duplicateson Apple's
App Store and 11 duplicates on Google Play. Thus, 59
independent apps (30 on Apple’'s App Store, 29 on Google Play)
were coded (see Appendix 2 for acomplete list).

Table 1. Overview of mobile cannabis/marijuana apps (N=59).

Ramo et al

On Apple's App Store, most apps were free (77%), all were
rated for users aged “17+" years, and the average rating was
3.9/5 stars. On Google Play, most apps were free (93%), rated
“high maturity” (79%), and the average rating was 4.1/5 stars.
The modal range of downloads was 100,000-500,000 (34%;
Table 1).

Category All Apple App Store Google Play
(N=59) (n=30) (n=29)
Free, n (%) 50 (85) 23 (77) 27 (93)
Average price? (SD) $2.43 (0.88) $2.56 (0.79) $1.99 (1.41)
Average user rating (SD) 4.0 stars (0.64) 3.9 stars (0.94) 4.1 stars (0.31)
Type of app b, n (%)
Lifestyle 17 (29) 12 (40) 5(17)
Medica 11 (19) 9(30) 2(7)
News (App Store)/ news& magazines 3 (5) 2(7) 1(3)
(Google Play)
Games 11 (19) 4(13) 7(24)
Reference (App Store)/books & refer- 5 (9) 2(7) 3(10)
ence (Google Play)
Health & fitness 3(5) 1(3) 2(7)
Personalization® N/A N/A 6(21)
Education® N/A N/A 1(3)
Entertainment® N/A N/A 2(7)
Agerestriction/maturity level, n (%)
17+ N/A 30 (100) N/A
High maturity N/A N/A 23 (79)
Medium maturity N/A N/A 6(21)
Total ingtalls 9, n (%)
1000-5000 N/A N/A 2(7)
5000-10,000 N/A N/A 2(7)
10,000-50,000 N/A N/A 6(21)
50,000-100,000 N/A N/A 2(7)
100,000-500,000 N/A N/A 10 (34)
500,000-1,000,000 N/A N/A 5(17)
1,000,000-5,000,000 N/A N/A 2(7)

3Average price calculated for only those apps with any cost.
bType of app as specified by Apple’s App Store or Google Play.
CCategory only present on Google Play.

9 Ingtallsinformation only present on Google Play.

Based on our coding, the three most common content codes
acrossall appswere cannabis strain classification (33.9%), facts
about cannabis (20.3%), and games (20.3%). On Apple's App
Store, the top 20 apps provided cannabis strain classifications
(50%), dispensary information (27%), or general facts about
cannabis (27%; Table 2). Only one app (3%) provided any
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information or resources related to cannabis abuse, addiction,
or treatment. On Google Play, the most popular apps offered
games (28%), phone utilities (eg, wallpaper, clock; 21%) and
cannabis food recipes (21%); no apps addressed abuse,
addiction, or treatment.
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Table 2. Content codes of mobile cannabis apps (N=59).
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Example

All, n (%)
(N=59)

AppleApp Store, n (%) Google Play, n
(n=30) (%)
(n=29)

Strain classification

Facts

Game

Dispensaries

Recipes

News

Utilities

Growing cannabis

Social media

Laws

Medicinal use

Cannabis cup

Log

Dictionary

Quotes

Smoking etiquette

Social gatherings

Leafly Marijuana Srain and Dispensary Reviews
(App Store and Google Play)—contains a
database of hundreds of marijuana strains and
their effects, flavors, medical treatment, and
availability nearby

Marijuana Facts (Google Play)—a collection
of marijuana-related facts pertaining to consump-
tion, cultivation, production, history, and sustain-
ahility

Pot Farm - Grass Roots (Google Play)—grow
and sell virtual weed

Weedmaps (A pp Store and Google Play)—helps
users connect to local dispensaries and access
menus, strain reviews, and exclusive offers

Weed Cookbook - Medical Marijuana Recipes
& Cooking (App Store)—acollection of recipes
that include cannabis as an ingredient

Cannabis News Pro (App Store)—a collection
of cannabis-related news from multiple sources

Cannabis Joint Battery Widget (Google
Play)—shows phone's battery level asaburning
joint

Cannabis Pocket Reference (Google
Play)—contains a Grow Guide with growing
information, pest/disease contral tips, grow di-
ary, and nutrient charts

Rate My Weed - The First Ever Marijuana
Recognition Software (App Store)—allows users
to share marijuana recognition results on Face-
book and Twitter

WeedLaws: Marijuana Law Guide (Google
Play)—provides state-specific legal information
regarding use, possession, cultivation, and sale
of cannabis

Marijuana - MyGreenz Locator (App
Store)—connects users to medical marijuana
doctors and dispensaries

Cannabis Cups (App Store)—allows users to
view and judge featured strains, givesdirections
to Cannabis Cup events, and includes Cannabis
Cup results from previous years

Medical Marijuana Log (App Store)—allows
users to record daily cannabis use via blunts,
joints, vapes, bowls, or dabs

Marijuana 420 (App Store)—dictionary of
marijuana-rel ated terms, street names, and slang

Marijuana Quotes (Google Play)—collection of
marijuana-related quotes

Joint 4 Dummies (Google Play)—teaches users
several waysto roll ajoint

Cannabis Culture (Google Play)—Canadian-
based magazine that covers cannabis cultura
events such as the Globa MarijuanaMarch and
420

20 (34)

12 (20)

12 (20)

10 (17)

10 (17)

9 (15)

9 (15)

8(14)

8 (14)

7(12)

7(12)

5(9)

5(9)

3(5)

3(5)

3(5)

3(5)

15 (50) 5(17)

8(27) 4(13)

4 (13) 8 (28)

8(27) 2(7)

4(13) 6(21)

6 (20) 3(10)

3(10) 6 (21)

4(13) 4(14)

6(20) 2(7)

4(13) 3(10)

5(17) 2(7)

4 (13) 1(3)

4 (13) 1(3)

3(10) 0

0 3(10)

2(7) 13

2(7) 13
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Example All, n (%) AppleApp Store, n (%) Google Play, n
(N=59) (n=30) (%)
(n=29)
Virtual simulation iSmoke: Weed HD - Free (Google Play)—a 2(3) 0 2(7)
simulation of rolling and lighting ajoint while
listening to a soundtrack
Abuse, addiction, or treatment Marijuana Anonymous Mobile (App Store)—12- 1 (2) 1(3) 0
step guide to recovering from marijuana addic-
tion, includes addiction-related literature and a
meeting search function to connect users
Jokes Marijuana Jokes (Google Play)—collectionof 1 (2) 0 1(3)

marijuana-related jokes

On Apple's App Store, the app that appeared as the top result
for both search terms (“ cannabis’ and “marijuana’) was Leafly
Marijuana Srain and Dispensary Reviews. It featured alarge
database of strain reviews (with pictures, flavors, effects, etc),
a “Finder” function to locate and review nearby dispensaries
(medical or recreational), and an information section with
cannabis-related news and content. The app was free and had
an average user rating of 5 stars. This app was given 5 content
codes. News, Medicinal Use, Srain Classification, Dispensaries,
and Facts.

The app that appeared asthe second result for both searchterms
in Apple's App Store was Marijuana Handbook Lite - The
Ultimate Medical Cannabis Guide With The Best of Edible,
Ganja Srains, Weed Facts, Bud Sang and More! The app
featured a wide range of cannabis-related resources, including
astrain library, amaps section to locate medical or recreational
dispensaries, a marijuana dictionary, a facts section, and a
cookbook. The app was free and the average user rating was
unknown. This app was given 6 content codes: Recipes, Srain
Classification, Dispensaries, Smoking Etiquette, Dictionary,
and Facts.

On Google Play, the app that appeared as the top result for both
search terms was Pot Farm - Grass Roots, agame that allowed
playersto grow and harvest virtual marijuana. Users could run
their own dispensaries to sell weed and connect with other
gamers to trade weed. The app was free, had an average user
rating of 4.4 stars, and had 500,000-1,000,000 downloads. This
app was given 2 content codes: Social Media and Games.

The Google Play app that appeared as the second result for the
search term “ cannabis’ was BudTrimmer - Weed and Cannabis,
agameinwhich aplayer swiped acrossthe screen to slash buds
and collect points. The app wasfree, had an average user rating
of 4.3 stars, and had 100,000-500,000 downl oads. This app was
coded as a Game.

The Google Play app that appeared as the second result for the
search term “marijuana’ was Weedmaps. This app functioned
asadispensary finder that hel ped users connect to local medical
or recreational dispensaries, medical marijuana doctors, and
delivery services. Users could also access dispensary menus,
strain reviews, and “exclusive offers” The app was free, had
an average user rating of 4.2 stars, and had 1,000,000-5,000,000
downloads. Coders gave this app 4 content codes. Medicinal
Use, Srain Classification, Dispensaries, and Facts.
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Only one app addressed cannabis abuse, addiction, or treatment
in any way. On Apple's App store, Marijuana Anonymous
Mobile employed a 12-step recovery program, analogousto the
12-Step Recovery Program of Alcoholics Anonymous, to help
users stop cannabis use. The app contained information
regarding addiction and recovery, including a monthly
newsletter and an interactive 12-Step Workbook. It offered a
chat feature and a meeting search function that allowed users
to find in-person, phone, and online meetings. It aso included
aSobriety Date Counter that allowed usersto record the number
of days of abstinence. The app waslisted asthe 17" result under
the search term “marijuana,” was free, and had an unknown
user rating. This app was given 2 content codes. Abuse,
Addiction, or Treatment and Facts.

Discussion

Principal Findings

This study examined 59 mobile apps related to cannabis. Over
half (58%) of thetop apps on Google Play had been downloaded
at least 100,000 times, showing that mobile users are generally
interested in this category of apps. Overal, the most popular
mobile app content was primarily focused oninformation (strain
classification, facts) and recreation (games), with cannabis
recipes demonstrating popularity as well. In contrast, only one
app in our sample focused on cannabis addiction or treatment.
The popularity of informational and recreational apps likely
reflectsagrowing societal acceptance of cannabis, whichisaso
reflected in state laws that have become more favorable toward
medical and recreational use in recent years. Indeed, Apple
recently relaxed a policy in its App Store prohibiting
cannabis-related social mediaapps, likely both reflective of and
influencing the increasing acceptance of cannabis use as
something that connects a growing number of people [24]. To
our knowledge, this study is the first to describe the content of
cannabis-related mobile apps. Updates are likely to show a
larger number of apps and a continued focus on information
and recreation if statelaws and public attitudes toward cannabis
continue to move in afavorable direction.

Apps addressing addiction or cannabis cessation were
underrepresented in the most popular cannabis mobile apps.
This could in part reflect the low level of motivation among
non-treatment-seeking marijuana users to cut down or quit use
[25]. It also could reflect alack of interest among mobile phone
users to seek out health-related or cessation apps pertaining to
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cannabis. Although thereis some evidence that amajority (57%)
of clients in drug treatment have mobile phones [26], there is
limited evidence about the desire of personsin treatment to use
apps for therapeutic purposes and about the effectiveness of
mobile apps for cannabis treatment. We found two published
studies that showed promisein the use of mobile technology to
treat cannabis use disorders: one using an ecological momentary
intervention to monitor substance use among youth after a
treatment episode [27]; and another testing the usability of an
app to monitor and reduce cannabis use (Assess Plan Track
Tips) [28]. As apps are developed, if evidence mounts as to
their successin aiding behavior change, it is possible that these
apps could become areliable source of cannabis education or
cessation interventions. Health departments and other prominent
health organizations should consider creating or endorsing
accurate and evidence-based cannabis mobile appsto give them
credibility in the ever-expanding app marketplace.

Thetop appsfor iPhonetend to provide information (eg, strains
of cannabis) or have some educational purpose, while top
Android apps tend to be primarily for entertainment (games,
phone utilities). These differences likely reflect differences
between iPhone and Android devel opers, who often program
an app for only one platform, and the platforms themselves
dictate app content based on rules/approval. For example, the
Android market is perceived to be easier to enter than the Apple
market because of fewer restrictions [6]; scrutiny may be
particularly strong for approving cannabis apps in the Apple
App Store[29].

Although we could not link user data to app characteristics in
thisanalysis, market research has suggested that while Android
has a larger user base, iPhone users in the United States are
younger and more affluent, engage with a larger amount of
mobile phone content, and are more likely to engage in mobile
commerce [30]. Future investigations should directly survey
mobile users about their use of cannabis apps on both Apple
and Android operating systems to determine potential
implications for user activity. Of the 59 apps coded for this
project, 8 were available on both platforms (Apple and Android).
Of those 8, 6 were in the top 20 apps under either “marijuana’

Ramo et al

or “cannabis’ search terms on the Apple App Store, but hot in
the top 20 on Google Play. Leafly Marijuana Strain and
Dispensary Reviews and Weedmaps were in the top 20 in both
stores using all 4 search terms, indicating popularity among
users of both types of devices. Both apps provide aresource for
those looking to classify different types of cannabis and locate
dispensaries.

Limitations

It was not possible to link app content to user data. Further,
search criteriawere generated by using common words related
to cannabis (ie, “cannabis’ and “marijuana’); however, users
who are seeking a particular type of app may search directly
for that app type (eg, “cannabis treatment”), which would not
have been captured by this analysis and would likely yield
different results. Surveys of cannabis app seekers would be
useful to clarify thisfurther. The decision to rate the top 20 app
resultsfor each search term was based on the authors' judgment
that this would encompass apps seen by a user during most
searches. The logic was that most users would not go beyond
approximately 1-2 screens on a desktop computer and even
fewer results on a mobile device, for which fewer results are
available on asingle screen. A different method, incorporating
more apps, would likely have yielded different results. The
content analysis is based on search results found in November
2014. The app marketplaceis changing rapidly; therefore, apps
that appeared at the top of search at the time of the study may
no longer be top apps in the future.

Conclusions

Cannabis mobile apps are numerous and the most popular apps
focus on information, classification, and recreation (eg, games),
consistent with the expanding business of growing and selling
cannabis in the United States. Notably absent from the most
popular apps were those addressing theimportant public health
concern of cannabis addiction or negative health effects, for
which mobile apps could be useful. Finally, there are notable
differencesamong apps on Apple' s App Storeand Google Play,
likely reflecting the population of users, developer choice, and
platform regulations.
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Abstract

Background: Thereis growing evidence for the positive impact of mindfulness on wellbeing. Mindfulness-based mobile apps
may have potential asan alternative delivery medium for training. Whilethere are hundreds of such apps, thereislittle information
on their quality.

Objective: This study aimed to conduct a systematic review of mindfulness-based iPhone mobile apps and to evaluate their
quality using a recently-developed expert rating scale, the Maobile Application Rating Scale (MARS). It also aimed to describe
features of selected high-quality mindfulness apps.

Methods: A search for “mindfulness’ was conducted in iTunes and Google Apps Marketplace. Apps that provided mindfulness
training and education were included. Those containing only reminders, timers or guided meditation tracks were excluded. An
expert rater reviewed and rated app quality using the MARS engagement, functionality, visual aesthetics, information quality
and subjective quality subscales. A second rater provided MARS ratings on 30% of the apps for inter-rater reliability purposes.

Results:  The “mindfulness’ search identified 700 apps. However, 94 were duplicates, 6 were not accessible and 40 were not
in English. Of the remaining 560, 23 apps met inclusion criteria and were reviewed. The median MARS score was 3.2 (out of
5.0), which exceeded the minimum acceptabl e score (3.0). The Headspace app had the highest average score (4.0), followed by
Smiling Mind (3.7), iMindfulness (3.5) and Mindfulness Daily (3.5). There was ahigh level of inter-rater reliability between the
two MARS raters.

Conclusions: Though many apps claim to be mindfulness-related, most were guided meditation apps, timers, or reminders.
Very few had high ratings on the MARS subscales of visual aesthetics, engagement, functionality or information quality. Little
evidence is available on the efficacy of the apps in developing mindfulness.

(JMIR mHealth uHealth 2015;3(3):€82) doi:10.2196/mhealth.4328

KEYWORDS
mindful ness; mindfulness-based mobile apps; mobile health (mHealth); mental health

: in the present moment, and non-judgmentally to the unfolding
Introduction of experience moment by moment” (p 145 [3]). Mindfulnessis
Background seen as a skill that can be developed through practice. The

benefits of present-centered attention and acceptance of
experience that can be achieved through mindfulness include
enhanced awareness, greater self-regulation, greater openness
and acceptance to experiences, and the development of new
perspectives on the context and content of information [4]. This

Mindfulness has grown in popularity in the last two decades,
and there is growing evidence for its positive impact on
well-being [1,2]. Many different perspectives of mindfulness
have evolved over this period. An influential definition by Jon
Kabat-Zinnisthat mindfulnessis* paying attention on purpose,
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contrasts with mindlessness, where an individual’s attention is
focused on past experiences and concerns about the future rather
than on the present moment [5].

Accordingly, mindfulness has been found to have beneficia
psychological, somatic, behavioral, and interpersonal effects
[6], devel oping tolerance, acceptance, patience, trust, openness,
gentleness, generosity, empathy, gratitude, and loving-kindness,
each of which is relevant to the persona recovery of people
with mental disorders, as well as to positive well-being in
general [2]. Mindfulness has also been found to reduce
psychological distress and optimize psychological functioning
inyoung people[7]. Thereis growing evidencefor the efficacy
of mindfulness-based programs in promoting well-being [8],
reducing depression [9], and preventing relapse in depression
[10].

While mindfulness can be an effectivetool for improving health
and psychological well-being, finding an effective mindfulness
delivery medium that can reach a wider audience remains a
challenge.

Appsfor Mental Health

The global prevalence and burden of mental disorders is
substantial, and delivering mental health services effectively to
millions in need remains a challenge [11]. While Web-based
interventions are gaining empirical support [12], mobile
interventions are till in their infancy [13]. Mobile health
(mHealth) is an emerging field that uses wirel ess technol ogies
such as mobile phones and other devicesin health practice. The
advent of apps has created new opportunities. Smartphones can
keep the user connected to the Internet at all times. Smartphones
and apps provide computing facility comparable to personal
computers and software with the advantage of mohility.

Smartphone useis growing rapidly [14], and smartphones now
account for 25% of total Web usage. A recent Australian study
[15] reported that 88% of its survey respondents use websites
or apps on their mobile phone and predicted that 92% of
respondents would own asmartphone by October 2015. Global
mobile app downloads are expected to reach 269 hillion by 2017
[16]. Smartphone usage by young people is particularly high:
The Australian Communications and Media A uthority reported
that in May 2013, 89% of people aged 18-24 years had a
smartphone and 83% of this age group downloaded an app in
the previous 6 months [17]. E-technologies are also
well-accepted by young people as sources of health information.
In a recent survey, 39% of young people reported using the
Internet to seek information about amental health problem [18].
Animplication of thiswide acceptance of e-technologiesisthat
they may offer a medium to improve the well-being of young
people by supporting the devel opment of mindfulness[18,19].

The Apple Store now has a staggering 1.4 million apps, more
than 35,000 of which are health-related [20]. However, little
information is available on the quality or efficacy of these apps
beyond user reviews and star ratings [21]. It isimperative that
health apps contain high-quality information and have positive
effects for users[22].

In particular, while there is growing evidence for the positive
effects of face-to-face mindfulness-based training programs, it

http://mhealth.jmir.org/2015/3/e82/
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is unclear if mindfulness apps can provide the same benefits.
A search for studies in various databases (ERIC, MEDLINE,
PsycINFO, Web of Science, ProQuest) only identified one
randomized controlled trial [23] examining the efficacy of a
mindful ness training app (Headspace).

The present study conducted a systematic review of
mindful ness-based mobile apps, evaluated the quality of these
apps using an expert rating scale, and described features of the
highest-scoring apps.

Methods

Systematic Search

A systematic search of mindfulness-based mobile apps
accessible from Australia was conducted in June 2014. The
search was conducted using the Google app search function as
well as the search feature in the iTunes app store. The Google
app search included mindfulness, vipassana, mindful,
meditation, and present moment, and excluded hypnosis,
hypnotize, weight, magazine, mindmap, mind map, mind-map,
and binaural. “Mindfulness’ was the only search term used in
iTunes, as the search feature was more limited.

Preliminary  screening  removed  irrelevant  apps
(music/relaxation, happiness, inspirational cards, games, clocks,
etc), apps not in English, and those that were not readily
accessible. Mindfulness apps that were secular, explicated
mindful ness practice, and al so had guided mindfulnesstraining
wereincluded. Appsthat only gave reminders, timers, or guided
meditation tracks were excluded, as were apps that cost more
than $10 (on the grounds that they were unlikely to be purchased
by alarge number of users). While guided meditation tracksare
apart of mindfulnesstraining, that by itself cannot be justified
as mindfulness training as they lack education about
mindfulness.

The apps were rated and reviewed in iOS 7 with an iPhone 5s.
Each app was tested by at least one author for a minimum of
30 minutes in a real-world setting. The authors were involved
in the development of the MARS [24] and had undertaken
mindfulness training. Two of the authors had delivered
mindfulnesstraining as part of their clinical psychology practice.

M easures/Rating Tool

The MARS [24] was used to rate app quality. It contains 23
itemsin 3 sections: classification, app quality, and satisfaction.
Each MARS item uses a 5-point scale (1-Inadequate, 2-Poor,
3-Acceptable, 4-Good, 5-Excellent). The classification section
isonly for descriptive purposes. The 19-item app quality section
rates apps on four subscales: engagement, functionality,
aesthetics, and information quality. The subjective quality
section contains 4 items evaluating the user’s overal
satisfaction. TheMARS s scored by cal cul ating the mean scores
of the app quality subscales and the total mean score. The
subjective quality items are scored separately as individual
items. The MARS has demonstrated excellent internal
consistency (0=0.92) and interrater reliability (1CC=.85) [24].
A second rater reviewed and rated 30% of the apps on the
MARS for interrater reliability purposes.
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Results

Systematic Search

The Google and iTunes searches identified 323 and 377 apps,
respectively (Figure 1). Excluding duplicates, there were 606
apps. However, 10 were not accessible, 40 were in languages
other than English, and 296 were not relevant (ie

Figure 1. Systematic search for mindfulness appsin Apple store.

Mani et d

musi ¢/rel axation, happiness, inspirational cards, games, clocks,
etc). Of the remaining 260 apps, 23 met the inclusion criteria.
Excluded apps comprised those containing timers or reminders
(74), guided meditation tracks for common practice or special
occasions (129; religious practice/pregnancy/eating/exercise),
or information only (37; eBooks/audiobooks/guidelines, without
any toolsto practice). Nine of the included apps were free and
the rest cost between $2.49 and $5.99.

Apps identified through the
Apple Store search (n=377)

Apps identified through
Google app search (n = 323)

Identification

i

i

( Apps screened for duplicates, Apps
Z relevance, language, and accessibility ——# excluded
:g (n=700) (n=440)
B
=
-a l
=
'

E Apps screened for plain timers, Apps
o reminders, guided meditations, high- ——®  excluded
cost, specific mindfulness (n = 260) (n=237)
|
£ Apps evaluated with MARS and
% included for further review
£ (n=23)

App Quality

Table 1 showsthe subscale and overall scores of appsrated with
MARS. It was not possible to rate item 19, which provides a
measure of the evidence base for the apps, as a Google Scholar
search only identified one efficacy study [23] on one of the
included apps (Headspace). Seven apps (30%) were evaluated
by two expert MARS raters, and there was an excellent level
of interrater reliability (two-way mixed 1CC=.84; 95% CI
0.79-0.87).

The Headspace app had the highest average MARS total (4.0)
and subscal e scores. The next highest were Smiling Mind (3.7),
iMindfulness (3.5) and Mindfulness Daily (3.5). Mindfulness
Trainer scored the lowest (2.6). The median MARS was 3.2,
and al but three of the apps met or beat the minimum
acceptability score of 3.0. Satisfaction (the only totaly
subjective subscale) was not included in the overall score.

Features of High-Quality Mindfulness Apps

Features of the reviewed apps are summarized in Tables 2 and
3. All contained guided meditations and mindful ness education.
They also had at least 2 of the following 9 most common types
of guided meditations [25]:

http://mhealth.jmir.org/2015/3/e82/

1. Breathing — deep breathing with awareness of the in and
out breathes

2. Body scan — awareness of the body focusing on each of
the body parts, usualy starting from the toes and
progressively moving towards the head

3. Sitting meditation — breathing meditation in a sitting
posture, with awareness of the body

4. Walking meditation — practicing mindful walking, raising
awareness of each movement aswe walk slowly

5. Loving kindness meditation — a meditation practice to
accept, love and show kindness to oneself and others

6. Thoughts and emotions — acknowledging thoughts and
emotions non-judgmentally, as they come and go

7. Mountain meditation — a guided imagery practice,
imagining oneself as a mountain and feeling stronger

8. Lake meditation — a guided imagery practice, imagining
oneself as alake, experiencing stillness and peace

9. Three-minute breathing space — a 3-minute guided
meditation, with becoming aware in the first minute,
gathering and focusing attention in the second minute, and
expanding the attention in the third minute.

Almost al apps provided mindful breathing and body-scan
exercises. Only one contained all 9 types of guided meditations
(Mindfulness Trainer) and few contained loving kindness, |ake,
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and mountain meditations. Buddhify 2 differed from the rest  onyour work break. The recording quality, voice used, and pace
by providing guided meditations to practice in different of the delivery of guided meditations varied from app to app.
situations, including exercising, working online, sleeping, and

Table1l. MARS Rating.

App? Engagement Functionality Aesthetics Information® Satisfaction Overdl
1 Headspace® 3.8 4.8 47 4.0 4.0 4.0
2 Smiling Mind® 34 45 4.3 38 4.0 37
3 iMindfulness® 3.0 4.8 37 37 25 35
4 Mindfulness Daily 32 4.0 4.0 3.7 33 35
5 Buddhify 2 3.6 38 37 35 38 34
6 Complete Mindfulness® 3.0 4.0 4.0 37 2.8 34
7 Mindfulise 3.6 35 4.0 33 25 34
8 ACT Coach 3.0 4.0 3.0 38 35 33
9 Rhythm Free 34 35 4.0 32 30 33
10 Simply8 2.8 38 4.0 35 28 33
11 Stop, Breathe & Think 3.2 4.0 33 33 30 33
12 Mindfully Me 3.0 4.0 33 33 25 32
13 The Meditation App with 3.0 4.0 3.0 35 25 32
Michael Stone
4 Meditation without borders® 2.6 40 33 35 2.8 32
Mindfulness Coach 28 38 3.0 37 28 32
16 The Mindfulness App? 3.0 38 3.0 35 25 32
17 TakeaChill° 32 35 2.7 35 25 31
18 iMindfulness 3.0 38 3.0 3.2 25 31
-On The Go
19 Personal Coach 3.0 4.0 2.7 32 25 31
- Mindfulness
2D TheBreathing Anchor - Andries 2.8 38 2.7 33 25 3.0
JKroese
21 Mindfulnessby Potential Project 2.8 35 2.7 3.0 20 2.8
2 Cleveland Clinic - 24 38 2.7 3.0 25 2.8
Stress Free Now
23 Mindfulness Trainer 22 33 23 3.0 18 2.6

@The rated versions (Multimedia appendix 1) of the apps may not be available in the App Store at the time of publication, as they may be replaced by
newer versions.

b The information quality score excluded Item 19 of the MARS.
€ Rated by two raters for interrater reliability purposes.
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Table 2. Summary of mindfulness-based apps features.

Mani et d

# App Timer Reminders Mood assessments Tracking PB Practice®
1 Headspace O O O O
2 Smiling Mind g O O O O
3 iMindfulness O 0 O
4 Mindfulness Daily ad g ad O ad
5 Buddhify 2 O 0
6 Complete Mindfulness
7 Mindfulise O 0
8 ACT Coach
9 Rhythm Free O
10 Simply8 ad
11 Stop, Breathe & Think O
12 Mindfully Me
13 TheMeditation App with Michael Stone [ 0
14 Meditation without borders O
15 Mindfulness Coach O 0 O
16 The Mindfulness App ad g O
17 Take a Chill g | O
18 iMindfulness On The Go O O O
19 Personal Coach - Mindfulness O O
20 The Breathing Anchor ad g O
- Andries JKroese
21 Mindfulness by Potential Project O O O
22 Cleveland Clinic -
Stress Free Now
23 Mindfulness Trainer

8Program-based practice
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Table 3. Summary of mindfulness-based app features.

Mani et d

# App App community Social Media In-app Purchase  Cost
1 Headspace g g ad Free
2 Smiling Mind O Free
3 iMindfulness O $2.49
4 Mindfulness Daily O O Free
5 Buddhify 2 O $3.79
6 Complete Mindfulness $2.49
7 Mindfulise $3.79
8 ACT Coach Free
9 Rhythm Free g ad Free
10  Simply8 O $3.79
11 Stop, Breathe & Think g Free
12 Mindfully Me O Free
13 The Meditation App with Michael Stone O $3.79
14  Meditation without borders O $5.99
15 Mindfulness Coach Free
16  TheMindfulness App $2.49
17 Take a Chill O $2.49
18  iMindfulness On The Go 0 $2.49
19 Personal Coach $2.49
- Mindfulness
20  TheBreathing Anchor $2.49
- Andries JKroese
21 Mindfulness by Potential Project $2.49
22 Cleveland Clinic - Stress Free Now Free
23 Mindfulness Trainer $3.79

The majority of apps contained timers and provided reminders.
Seven did not have atimer (ACT Coach, Complete Mindful ness,
Stop, Breathe & Think, Meditation without Borders, MindKind
Now, Cleveland Clinic - Stress Free Now, Mindfulness Trainer)
and nine did not have reminders (ACT Coach, Buddhify 2,
Cleveland Clinic - Stress Free Now, Complete Mindfulness,
Meditation without Borders, Mindfulise, Mindfulness Trainer,
MindKind Now, Stop, Breathe & Think).

Five apps provided progressive/program-based mindfulness
training (Headspace, Smiling Mind, Mindfulness Daily, Simply8
and Meditation without Borders). Headspace provided free
access to a 10-day program, Take 10, which has 10 guided
meditation sessions of approximately 10 minutes each.
Completing a session unlocked the next meditation track.
Smiling Mind had a 10-week program for different age groups.
The introductory session at the start of each week explored
breath, sounds, tastes, etc. The user was advised to practice
mindfulness and relevant take-home activitieswith the assistance
of the app. Simply8 was a 3-week program with 8 minutes of
guided meditation every day under the themes of calm, clear,
and aware (focusing on one theme each week). Mindfulness
Daily provided short mindfulness exercises for 21 days. The

http://mhealth.jmir.org/2015/3/e82/

user can also access guided meditations such as body scan,
kindness, and awareness any time. Meditation without Borders
was a 4-week program advising the users to practice guided
meditations for at least 20 minutes per day.

While most apps provided exclusive texts and videos explaining
the concepts of mindfulness, some apps relied on guided
meditation tracks to educate the user. Take A Chill referred to
relevant websites and did not provide much mindfulness
education within the app. Few apps (eg ACT Coach, Complete
Mindfulness) provided comprehensive text-based education.
Headspace used video infographics to explain the concepts.
Two of the apps (Mindfulness by Potential Project and
iMindfulness) mentioned the 7 attitudes for mindfulnesstraining,
otherwise known as the essential pillars of Mindfulness-Based
Stress Reduction (MBSR) practice [25].

Twelve apps provided an option to share the user’s experience
in social networks such as Facebook and Twitter (Headspace,
Meditacious, Meditation without Borders, Mindfully Me,
Mindfulness Daily, Rhythm Free, Simply8, Smiling Mind, Stop,
Breathe & Think, Take A Chill, The Meditation App with
Michael Stone, The Mindfulness App). Headspace and
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Meditacious also had an app community. Eight apps provided
in-app purchase that included additional guided meditation
tracks (Take a Chill, iMindfulness On The Go, Headspace,
Mindfulness Daily, The Mindfulness App, iMindfulness,
Buddhify 2, and Rhythm Free, which also provided reminders)

Discussion

Principal Findings

Though the search for mindfulness apps identified 606 apps,
excluding duplicates, only 23 provided mindfulness training.
Timers, reminders, meditation, relaxation, or reference apps
can assist in mindfulness practice, but categorizing them as
mindful ness apps is inappropriate [26].

Mindful nessis much more than meditation, abreathing exercise,
or a relaxation technique. Meditation is a practice that aids
development of mindfulness [27,28]. Breathing is used as an
exercise in the practice of mindfulness and relaxation can bean
outcome. Contemplative practices (breathing, sitting, walking
meditations), understanding emergent bodily and mental
experiences, and withdrawing from habitual experiential
avoidance form pat of mindfulness training in
mindfulness-based interventions such as MBSR and
Mindfulness-Based Cognitive Therapy [29]. A mindfulness app
should clearly explain the philosophy and practice of
mindfulness and address common misconceptions. An app
without mindfulness education may be beneficial if this
information has been provided as part of face-to-face
mindfulness training. However, a stand-alone mindful ness app
should educate the user on mindfulness. All of the appsincluded
in the review explain the concept of mindfulness at varying
levels. Some (eg Headspace, Smiling Mind) employed
interesting visual modes of explanation.

Mindfulness is a habit and a mind-training skill that requires
regular practice and sustained effort to be effective [3,30-32].
This is a challenge for both face-to-face and app-based
mindfulness training. Mindfulness apps provide 24/7 accessto
mindfulness-based practice. Interactive mobile applicationsand
aesthetically pleasing and well-designed apps are likely to be
more effective in engaging the user in regular mindfulness
practice [33,34]. Headspace, Mindfulise, Buddhify 2 and
Smiling Mind exceeded the minimum acceptable level score
(3.0) on the MARS engagement subscale. These apps had
high-quality graphics, simple and easy-to-use interfaces, and
soothing voices for the guided meditation tracks. Headspace
used short video infographics that complemented the guided
meditation tracks. Unlike most apps that used a linear menu
style, Buddhify 2 used an interesting collapsible circular menu
to choose the meditation tracks. The low median score of the
reviewed apps on the MARS engagement subscale, highlights
the need to focus on engagement and motivation during the
design process.

Participation in an app community can help motivate users to
engage in healthy activities[35]. A supportive app community
can help users share and discuss their mindfulness experiences
and the challenges of regular practice. This could potentialy
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complement or subgtitute for the support provided in face-to-face
mindfulness training. While nearly 50% of the reviewed apps
provided socia network sharing, only Headspace and
Meditaciousincorporated app community support. Researchis
required to determine the impact of sharingin social mediaand
participating in a supportive app community on the frequency
of mindfulness-based practice.

Assessing the quality of an app, especially ahealth intervention
app, isan essential step before evaluating its efficacy [36]. The
23 mindfulness apps reviewed in this study had a median
objective quality MARS score of 3.2. This suggests the apps
had an overall acceptable level of quality. However, the low
median engagement and moderate median aesthetics and
information subscale scores highlight potential target areas for
improvement.

Strengthsand Limitations

Thisstudy isone of thefirst to review mindfulness-based mobile
apps and evaluate their quality using a new multidimensional
expert rating scale. The MARS provides a reliable measure of
app quaity on four objective subscales (engagement,
functionality, visual aesthetics, information quality) and one
subjective scale. Only the objective quality scales are included
in the total app quality score. Expert ratings on 30% of the
reviewed appshad ahigh level interrater reliability in the current
study. However, while the MARS can be used to provide an
evaluation of the quality of existing apps, this cannot replace
the use of rigorous user-centered design and evidence-based
practice in the design of health behavior apps.

The current review was limited to iPhone iOS apps, indicating
future research is required to review and rate the quality of
mindfulness apps developed for Android and other app
platforms. Future research is also required to assess the quality
of mindfulnesstraining and individual guided meditation tracks
contained in the apps, asthereis currently no gold standard for
how mindfulnessis best conceptualized or practiced.

Future Research

mHealth is fast becoming an essential component of global
health care [37]. The majority of mHealth apps developed to
date have focused on physical hedth and lifestyle domains
rather than mental health [38,39]. While an increasing number
of mindfulness apps are being developed, the current evidence
base is limited to one trial examining the efficacy of the
Headspace app [23]. Future research is needed to determine and
compare the efficacy of mindfulness apps in randomized
controlled trials.

Conclusions

Only 4% of the 700 apps identified in our search provided
mindfulnesstraining and education. Though many appsclaimed
to be mindfulness apps, most of them were not. While the
reviewed apps scored an acceptable median MARS score, very
few scored high, indicating that the quality of the apps can be
improved. The lack of evidence for the effectiveness of
mindful ness apps needs to be addressed.
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Abstract

Background: Diabetes mellitusin the United States is an increasingly common chronic disease, costing hundreds of billions
of dollars and contributing to hundreds of thousands of deaths each year. The prevalence of diabetesisover 50% higher in Latinos
than in the general population, and this group also suffers from higher rates of complications and diabetes-related mortality than
NHWSs. mHealth isapromising new treatment modality for diabetes, though few smartphone apps have been designed specifically
for Latinos.

Objective: The objectives of our study were: (1) to identify the most common features of the most popular diabetes apps and
consider how such features may be improved to meet the needs of Latinos; (2) to determine the use of diabetes apps among a
sample of online Hispanicsin the US.

Methods: Our study consisted of two parts. First, 20 of the most popular diabetes apps were reviewed in order to ascertain the
most prevalent features and functionalities. Second, an online survey was fielded through a popular health website for Latinos
(HolaDoctor) inquiring about respondents’ use of diabetes apps.

Results: Approximately one-third of apps reviewed were available in Spanish. The most common features were blood glucose
recording/annotation and activity logs. The majority of apps permitted exportation of data via e-mail but only a third enabled
uploading to an online account. Twenty percent of appsreviewed could connect directly with aglucometer, and 30% had reminder
functionalities prompting patients to take medications or check blood glucose levels. Over 1600 online surveys were completed
during the second half of April 2014. More than 90% of respondents were from the United States, including Puerto Rico. The
majority of respondents used a device running on an Android platform while only a quarter used an iPhone. Use of diabetes apps
was approximately 3% among diabetic respondents and 3.6% among diabetic respondents who also had a smartphone. Among
app users, blood glucose and medication diaries were the most frequently used functionalities while hemoglobin Alc and insulin
diarieswere theleast used. A significant majority of app users did not share their progress on social mediathough many of these
were willing to share it with their doctor.

Conclusions; Latino diabetics have unique needs and this should be reflected in diabetes apps designed for this population.
Existing research as well as our survey results suggest that many Latinos do not possess the prerequisite diabetes knowledge or
self-awarenessto fully benefit from the most prevalent functionalities offered by the most popular diabetes apps. We recommend
devel opersincorporate more basi ¢ features such as diabetes education, remindersto check blood glucoselevels or take medications,
Spanish language interfaces, and glucometer connectivities, which are relatively underrepresented in the most popular diabetes
apps currently available in Spanish.

(JMIR mHealth uHealth 2015;3(3):e84) doi:10.2196/mhealth.3986
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Introduction

Diabetes M €llitusin the United States

Diabetes affects almost 26 million Americans—over 8% of the
US population—and is the seventh leading cause of death in
the United States [1]. Among Latinos, the proportion affected
isapproximately 11.8%, an almost 70% greater preval encethan
in the general population [2]. According to the American
Diabetes Association, the total cost of diabetes-related
expenditures in 2012 was almost a quarter of atrillion dollars,
trandating to an average medical expenditure of almost $14,000
per patient [3]. A major source of these expenditures is
hospitalizations, which have been shown to cost more for
patients who have diabetes [4]. According to 2011 data from
Cdliforniawhere over athird of the population is Hispanic [5],
the average cost of a hospitalization for a patient with diabetes
exceeded that of a nondiabetic patient by over $2,000 [4].
Almost a third of all hospitalizations in California that year
were for diabetic patients, a proportion which roseto over 40%
among Latinos and was higher than that of African- or
Asian-Americans[4].

Contributing to the problem is alack of health literacy among
Hispanics[6] which increasestherisk of poor glycemic control
[6]. Latinos have been shown to lag behind African-Americans
and Whites in important health behaviors such as checking
blood glucose levels, performing diabetic foot exams, and
getting recommended vaccinations [7]. These findings are
compounded by the feelings of many Latino patients that the
care they receive from providers is frequently substandard [8]
and problematic [9]. The number of Latino healthcare providers
relative to the population is also small [10], and the resulting
language challenges can lead to decreased patient compliance
and worse outcomes [8]. Altogether, Latinos have worse
glycemic control than the general diabetic population [11], are
60% more likely to start dialysis, and 50% more likely to die
from diabetes than NHWSsin the United States[12].

The Potential for mHealth

mHealth is a promising new treatment modality for diabetic
patients that has been shown in studies to improve glycemic
control [2,13,14] It has also been found to be a potential source
for cost savings and reduced burden on the health care system
[15]. Though mHealth is broadly defined by the World Health
Organization as “medical and public health practice supported
by mobile devices’ [16], the arrival of the smartphone in 2007
has caused an exponential proliferation of apps which have
garnered increased attention among clinicians, researchers, and
the federal government [17,18]. To date, there are few apps
targeted specifically at Latinos with diabetes. This represents
amissed opportunity, as over 90% of Latinos use a cell phone
regularly - aimost half of which are smartphones[19] - and they
are just as likely as Whites to own a smartphone [20]. Given
the challenges facing Latino diabetics with respect to health
literacy and performance of health behaviors in the face of
limited accessto quality care, increased use of glucosetracking

http://mhealth.jmir.org/2015/3/e84/

apps could facilitate reductions in poor outcomes in this
population.

Technology and the Latino Community

Evidence suggeststhat L atinos already have the capacity to use
mobiletechnology to increase healthy behaviors. The Text4Baby
Program, for example, involved the dissemination of text
messages to pregnant women and mothers of newborns. A study
by the National Latino Research Center reveal ed improvements
in participants’ health knowledge, appointment attendance, and
immunization adherence. Satisfaction with this program was
also found to be higher among Spanish speakers [21]. The
TEXT-MED (Tria to Examine Text Messaging for Emergency
Department patient with Diabetes) study in Los Angeles
involved a similar intervention in which text messages were
sent to low income inner-city patients with diabetes, almost
75% of whom were Latino. Results included improvementsin
healthy eating, increased physical activity, and higher
medication adherence [22]. These studies suggest that simple
interventions can be accepted and lead to improvements in
healthy behaviorsin Latinos, including those with diabetes.

Despite these encouraging findings, there islittle research into
the use of glucose tracking apps by Latinos or on which app
functionalities are the most pertinent to this population.
Recommendations endorsing specific apps for Latinos have
been put forth by various organizations [23,24] though these
are not research-based. There is therefore an unmet need for
scholarly research into how mobile phone technology can best
benefit Latinos suffering from diabetes.

Goalsof the Study

The goalsof our study weretwofold. First, we sought to identify
the most prevalent functionalities of the most popular glucose
tracking apps currently available. Second, we aimed to survey
the usage of glucose tracking apps among Latinos visiting a
popular Spanish language health website. In light of the
challenges facing Latino diabetics, we attempted to set forth
some basic guidelinesfor appsideally suited to this population.

Methods

Overview

A systematic search strategy was used to select and review the
most popular glucose tracking apps from official mobile phone
stores. Each app was then examined and functionalities common
to multiple appswere compiled into Table 1. A survey inquiring
into glucose tracking app usage was then posted on the
HolaDoctor website for a total of three weeks, during which
time 1601 surveys were completed.

Review of Glucose Tracking Apps

Overview
Searchesfor eligible apps on theiPhone and Android platforms

were conducted On January 4t (Apple) and 5 (Android), 2014.
A total of ten apps were selected from each platform (five free
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and five paid). iPhone apps were selected by navigating to the
Medical section of Apple’'s App Store and clicking the link
“View Medical iniTunes’ in the upper right hand corner. This
required previousinstallation of i Tunes on the computer’s hard
drive [25]. Android apps were selected in a similar fashion by
locating the list of the top free and paid medical apps on the
Google Play website [26]. The first five apps in each section
meeting eligibility criteria were selected. Because some apps
had versions available on both iPhone and Android platforms
or had both free and paid versions listed in the search results,
several of the selected apps had multiple versions reviewed.
The authors felt this would not be redundant, however, as
features of such appswerefound to vary depending on platform
and cost.

Eligibility Criteria

Apps were considered eligible if they could be found in the
“medical” section of the Apple or Google Play stores and had
the capacity to record and recall blood glucose measurements.

All apps selected for review possessed additional functionalities
(see Multimedia Appendix 1), though the quantity and

Williams & Schroeder

characteristics of these were not considered during the selection
process.

Data Extraction

Reviews of all iPhone apps with the exception of Track3 by
Coheso, Inc. were carried out on an iPod Touch running iOS
version 6.1.5. Evaluation of the Track 3 app required a more
recent version of i0S, thus an iPhone 4S running iOS version
7.0.4 was used. Reviews of Android apps were carried out with
either a Nexus 4 running Android version 4.4.2 or a laptop
running BlueStacks App Player for Windows (beta-1). App
functionalitiesfor all appswereinvestigated by author W (see
Figure 3). Product descriptions from the Apple App Store,
Google Play website, or app devel oper websiteswere referenced
as needed to clarify uncertainties. Appswere classified asbeing
available in Spanish if either a change in the language setting
of the mobile phone device from English to Spanish resulted in
ameaningful changein thelanguage of the app display or if the
app itself had a language setting that included Spanish. Prices
listed for each app were current as of January 4 (Apple App
Store) or January 5 (Google Play website), 2014.

Figure 3. Prevalence of functionalities found in selected glucose tracking apps.

percent of apps reviewed

Online Survey

An online survey was posted on the HolaDoctor website [1]
from April 15 to May 1, 2014 (see Multimedia Appendix 1).
HolaDoctor’'s website, also available through Univision.com
as Univision Salud con HolaDoctor, is the most frequently
visited Spanish language health website on the Internet, with
over 3.5 million monthly unique visitors, of which over 1 million
reside in the US. Over half of HolaDoctor’s traffic access the
website through maobile devices. The survey was available only
in Spanish. Questions explored respondents’ diabetes status as
well as use of mobile phones and glucose tracking apps. A total
of 1161 surveys were completed over an initial 17 day period.
After several user comments reported unfamiliarity with the
term “app,” a second survey using clarifying language was
posted from May 12 to May 19, 2014. This resulted in the
completion of an additional 440 surveys for a total of 1601
surveys. Summary data can be found in Table 1.
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Results

Review of Glucose Tracking Apps

Overview

Samples of the results of the app review can be found in Figure
1, Figure 2, and in Multimedia Appendix 1. A total of 20 apps
were reviewed, though some appswere reviewed multipletimes
as described in the Methods section. It should be noted that
while the ability to record and recal blood glucose
measurements was the primary selection criterion, analytical
capabilities such as calculations of averages and creations of
figuresincluding graphsand flow sheetsinvariably accompanied
thisfunctionality. Thirty five percent of all appsreviewed were
availablein Spanish (20% of iPhone apps and 50% of Android
apps). The ability to annotate blood glucose readings was the
most common feature, while pass codes and the capacity for
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multiple user profilesweretheleast common. Only 20% of apps  could download data directly from glucometers.

Figure 1. Screenshot of Diabetes App Lite by BHI Technologies, Inc. https:/itunes.apple.com/us/app/diabetes-app-lite-blood-sugar/id387337850?mt=8.
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Documentation Functionalities

Activity logs (85%) were the most prevalent documentation
functionality followed by insulinlogs (80%), weight logs (75%),
and carbohydrate logs (70%). While 80% of the apps reviewed
included insulin administration logs, only 65% included logs
for oral or injectable noninsulin medications. Carbohydrate and

Price

The price of apps ranged from free up to ten dollars with the
average price of paid apps being approximately $5.03. The
average price for iPhone apps ($6.39) was higher than that for
Android apps ($3.66).
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food logs (70% and 65%, respectively) werefeatured more often
than calorie logs (30%).

Information Sharing

Dataexport viae-mail was present on 80% of appswhile social
media connections were featured on 65%. Fewer than a third
of apps alowed users to upload their data to online
app-sponsored accounts.

Glucometer Connectivity

Twenty percent of apps permitted download of blood glucose
measurements from a glucometer. The prevalence of this
functionality was egual for both Apple and Android apps.

Table 1. Survey results, al respondents (n=1601).

Williams & Schroeder

Online Survey

Diabetes Demographics

Table 1 shows the results of the online survey. A total of 1601
surveyswere completed. 68.9% (1103/1601) of responses came
from the continental United States and 22.0% (353/1601) came
from Puerto Rico. 2.9% (46/1601) were from Mexico, while
3.4% of respondents (54/1601) marked “unknown.” 36.7% of
respondents (588/1601) reported a history of diabetes, and
17.2% (276/1601) reported caring for a family member with
the disease. Among those who reported a persona history of
diabetes, nearly 13% (74/588) reported having type |, while
69% (408/588) reported having type 11, and 18% did not know
which type of diabetes they had. Among those reporting type |
diabetes, fewer than half (29/74) reported taking insulin.

General characteristics

Number (%)

Country
United States
Puerto Rico

Mexico

Other?

Unknown
Do you have diabetes?

Yes

No

| don’t know

| take care of afamily member with diabetes

M obile phone platform
Android
i0S
Blackberry

Do not have mobile phone

1103 (68.89)
353 (22.05)
46 (2.87)

45 (2.81)
54 (3.37)

588 (36.73)
491 (30.67)
246 (15.37)
276 (17.24)

815 (50.91)
415 (25.92)
17 (1.06)

354 (22.11)

8Countriesin this category included Argentina, Brazil, Canada, Chile, Colombia, Costa Rica, the Dominican Republic, Ecuador, El Salvador, Guatemala,

Nicaragua, Panama, Peru, Spain, Switzerland, and Venezuela

Mobile Phone Usage and Glucose Tracking App Usage

77.8% of respondents (1,247/1601) reported using a mobile
phone. Approximately 65% (815/1247) of these used Android
devices while 33.3% (415/1247) used an iPhone; seventeen
respondents used a Blackberry. Roughly 2% (33/1601) of all
respondents reported using aglucose tracking app; thisincreased
to 3% (18/588) among diabetics and 3.6% (16/449) among
respondents with both a history of diabetes and mobile phone
use. Among diabetics who used apps, about half (n=10) used
them in Spanish while about a quarter (n=4) used them in

http://mhealth.jmir.org/2015/3/e84/

English. Almost aquarter of respondents reported not knowing
in which language they used the app.

Cost

Nearly half of glucosetracking app users downloaded free apps.
This proportion increased to 61.5% (8/13) when excluding
respondents unable to recall the price of their app. Conversely,
38.4% of respondents (5/13) able to recall the price of the app
paid money for it. Of these five respondents, three of them paid
three dollars or more.
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Table 2. Survey results among patients reporting a history of diabetes (n=588).

Genera characteristics

Number (%)

Country
United States
Puerto Rico
Mexico
Other?
Unknown
Diabetestype
Typel
Typell
Don't know
Do you useinsulin?
Yes
No
Do you useinsulin? (typel only, n=74)
Yes
No
Do you useinsulin? (type Il only, n=408)
Yes
No
Do you use a diabetes app?
Yes

No

415 (70.6)
133 (22.6)
15 (2.6)

8 (L.4)

17 (2.9)

74 (12.6)
408 (69.4)
106 (18.0)

161 (27.4)
427 (72.6)

29 (39.2)
45 (60.8)

111 (27.2)
297 (72.8)

18(3.1)
570 (96.9)

8Countriesin this category included Argentina, Brazil, Canada, Chile, Colombia, Costa Rica, the Dominican Republic, Ecuador, El Salvador, Guatemala,

Nicaragua, Panama, Peru, Spain, Switzerland, and Venezuela

Documentation and Reminder Functionalities

Tracking of oral medications was the most popular
documentation functionality, with 50% of respondents
expressing approval (9/18), followed by 44% endorsing blood
glucose monitoring (8/18). Exercise tracking, with 22%
endorsement (4/18) was featured less often than dietary
monitoring of carbohydrates or calories consumed, at 33%
(6/18). Insulin and Alc tracking were the least commonly
utilized documentation functionalities, at 17% each (3/18). 50%
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and 44% of respondents (9/19 and 8/18 respectively) reported
frequent use of reminders to check blood glucose or take
medications.

Information Sharing

Themajority of respondents (83%) either kept their data private
or shared it only with their doctor. The remaining 17% shared
information about their diabetes on social media outlets such
as Facebook, Twitter, or diabetes forums.
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Table 3. Characteristics of app usage among diabetic respondents reporting use of diabetes apps (n=18).

General characteristics Number (%)
Language in which app is used
English 4(22)
Spanish 10 (56)
I don’t know 4(22)
How much did you pay for the app?
Free 8(44)
$0.99 1(6)
$2.99 1(6)
More than $3.00 3(17)
| don’t remember 5(28)
Proportion of respondentsreporting frequent use of the following documentation functionalities
Oral medications 9 (50)
Blood glucose 8 (44)
Blood pressure 6(33)
Diet-related 6 (33)
Weight 5(28)
Exercise 4(22)
Alc 3(17)
Insulin 3(17)
None of these 4(22)
Proportion of respondentsreporting frequent use of the following reminder features
Reminder to check blood glucose 9 (50)
Reminder to take medications 8 (44)
None 4(22)
Information sharing
Shares with physician only 10 (56)
Does not share with anyone 5(28)
Diabetes forums 2(11
Facebook 1(6)
Twitter 1(6)

Discussion

Summary of Study

In this study, we set out to characterize the most prevalent
functionalities for popular glucose tracking apps and survey
Latinos on their use of these apps. We went about this task by
selecting and reviewing 20 of the most popular glucosetracking
apps on the market as of January, 2014 and posting an online
survey on one of the most popular Spanish language health
websites on the Internet. In our app review we found blood
glucose analytical instruments (eg graphs, flow sheets, statistics)
to be the most prevalent functionalities. These were frequently
accompanied by documentation of dietary and biometric data
aswell as functionalities enabling users to share data on social
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media. In contrast, aminority of appswere availablein Spanish,
contained reminder functionalities encouraging adherence to
blood glucose monitoring and medication regimens, or allowed
download of data directly from glucometers.

Our online survey found that approximately three percent of
respondents with diabetes used a glucose tracking app, a
proportion that is higher than the estimated global average of
1.2% [27]. Of these, the number of respondents running their
apps on Android products was nearly double the number of
those running their apps on Apple products. Most of the apps
used were free to download. Fifteen percent of respondents
reported not knowing their diabetes status and fewer than half
of self-reported type | diabetics reported using insulin. These
findings support the findings from other studies [6,28-30] that
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