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Abstract

The rapid growth of mobile health (mHealth) apps has resulted in confusion among health care providers and the public about
which products rely on evidence-based medicine. Only a small subset of mHealth apps are regulated by the US Food and Drug
Administration. The system similar to that used to accredit and certify laboratory testing under the Clinical Laboratory Improvement
Amendment offers a potential model for ensuring basic standards of quality and safety for mHealth apps. With these products
expanding into the realm of diagnosis and treatment, physicians and consumers are in a strong position to demand oversight that

delivers safe and high-quality mHealth apps.

(JMIR Mhealth Uhealth 2018;6(7):€10414) doi:10.2196/10414
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Introduction

Since smartphones first went on the market a decade ago, the
estimated number of available mobile health (mHealth) apps
increased to approximately 325,000 in 2017 [1]. These tools
could have a significant positive impact on health and health
care. Yet, they aso pose novel challenges for patients and
clinicians faced with a virtually infinite choice of unproven
products.

Doctors struggle with which apps to recommend for patients
and patients don’t know which apps may be useful. Physicians
must consider the value of an mHealth app before they
recommend one since most apps have been created without
medical expert involvement or appropriate testing validation
[2]. There is a paucity of evidence about the effectiveness of
most mHealth apps. One team of US and European researchers
went to theiTunes App Store and Google Play in January 2017
in search of apps that can help people cope with anxiety
disorders. Of the 52 apps selected, the majority (33/52, 63.5%)
offered no information about the intervention. More than
two-thirds (35/52, 67.3%) did not offer information about the
professional credentials of the app developers or consultants.

http://mhealth.jmir.org/2018/7/€10414/

RenderX

Only 4% (2/52) offered any information about the efficacy data
supporting the apps [3].

Furthermore, appsthat provide patient information to physicians
must also abide by federal laws protecting personal data and
should demonstrate that they are based on best medical practices.
Doctors who recommend mHealth apps should be aware that
they face potential liability if claims made by app developers
are fraudulent [4]. The stakes are rising as new apps and
wearabl e devices come on the market with the ability to gather
patient-specific datathat can provide clinicians with diagnostic
and treatment recommendations. These offer tools that are
potentially useful but could affect patientsif they rely on false
or obsolete medical information [2]. As a result, doctors are
wary of recommending mHealth apps. Patients are equally
unsure and therefore infrequently get advice about the use of
apps from their health care provider.

Regulatory Efforts

What can patients and physicians do to ensure high-quality
mHealth apps? At least four models have evolved for ensuring
that organizationswho provide products or servicesto the public
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meet basic standards of safety and effectiveness. They are
regulatory approval by a federal agency, accreditation by an
organization with deeming authority under federal law or
regulation, voluntary accreditation by anonprofit organization,
and the European Union’s (EU’s) decentralized system driven
by its member states. The US Food and Drug Administration
(FDA) applies regulatory oversight only to a small subset of
mHealth apps. The FDA hasindicated that it will regulate only
those apps it defines as a medical device and those which
potentially pose arisk to patient safety. In a series of nonbinding
guidance documents, the FDA has clarified that it will only
apply regulatory oversight to appsthat “ pose arisk to apatient’s
safety if the mobile app were to not function as intended” [5].
The FDA also said it intends to regulate those apps that
“transform a mobile platform into aregulated medical device’
[5] by using display screens, sensors, or other methods. The
FDA also reserves “enforcement discretion” for all mHealth
apps, meaning it retains the right to regulate what it calls
low-risk medical apps[5].

Researchers have defined four broad categories of mHealth
apps. (1) information apps, which provide the public with
genera health information; (2) diagnostic apps, which are used
to input patient information and help guide the physician to a
diagnosis; (3) control apps, which allow remote monitoring and
control of medical devices such as insulin pumps; and (4)
adapter apps, which essentially transform a smartphone into a
mobile medical device[6].

Applying these definitions to the FDA guidelines, the agency
appears willing to regulate control and adapter apps, which
essentially transform mobile platforms into medical devices.
The FDA has clarified that it will not regulate informational
apps that coach or prompt patients to manage their health or
allow them to track their health data[5].

But diagnostic apps have constituted a grey area in the FDA's
regulatory purview. In December 2017, the FDA issued a new
draft guidance based on the agency's interpretation of the 21st
Century Cures Act approved by Congressin 2016. The guidance
isintended to inform app developers how it intends to regulate
what are called clinical decision support (CDS) apps, which
provide diagnostic and treatment recommendationsto physicians
[7]. CDS apps are distinct and differ from patient decision
support (PDS) apps which provide information only to the
patient.

The guidanceindicatesthat CDS appsthat allow physicians*“to
independently review the basis for the recommendations’ [7]
will not be subject to FDA regulation as a medical device. In
other words, the FDA said it does not intend to regulate CDS
appsthat allow the user “to reach the same recommendation on
his or her own without relying primarily on the software
function” [7].

Examples of apps that may not be covered by FDA regulation
under the new guidance include those that provide physicians
with recommendationsfor diagnosing illnesses such asinfluenza
or diabetes mellitus and those that recommend the use of a
prescription drug. Also excluded are apps that make
chemotherapeutic suggestions to doctors based on a patient's
history, test results, and other factors[7].

http://mhealth.jmir.org/2018/7/€10414/
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The FDA's narrow regulatory framework leaves alarge gap for
physicians and patientstrying to choose an appropriate mHealth
app. Attempts to provide clarity have come from state
legislation, voluntary certification, patient advocacy groups,
professional associations, and commercial services. But the
dynamic world of app development so far has defied attempts
to regulate or certify these products.

Attemptsat voluntary certification for mHealth apps have failed
in the past. A group of companies published standards in 2013
for avoluntary app certification program that was to be funded
by app devel operswho paid to have their appscertified [4]. The
program was intended to make apps more appealing to
customers and to give clinicians greater confidence in
recommending them to patients. But the companies suspended
the program later that year after it was exposed that two of the
certified apps had security problems. The program al so suffered
from a lack of interest by app developers, of whom only a
handful participated [4].

The European regulatory system offers another potential model.
In the EU, each member state can file an approval application
for ahigh-risk medical device[8]. The deviceisthen evaluated
by a notified body (NB) established within that state and
authorized by the state’s public health agency. NBs have the
authority to issue the device a Conformité Européenne (CE)
mark. This mark denotes conformity with relevant EU
requirements for medical devices. A device bearing a CE mark
can be sold in any EU member state. Europe has about 76 NBs,
which are private for-profit companies that contract with
manufactuerers to supply the certifications for afee[8].

Since the European model was devel oped to foster commercial
policies that encourage trade among member states, not to
provide consumer protection, this system has been criticized.
For instance, NBs may be reluctant to deny approval of a
medical device for fear of losing its client to a competitor [8].
In addition, although the CE mark indicates that the device is
in full compliance with European legidlation, medical devices
approved in Europe need only show safety and performance,
but not clinical efficacy [8]. These potential weaknesses have
led to criticism that the European NB system valuesinnovation
and trade over consumer protection.

Potential Solution

The US should consider an effective and proven approach that
would be analogous the system now used to regul ate diagnostic
testing. This model, established in 1988 by the Clinica
Laboratory Improvement Amendment (CLIA) certifies and
ensures the quality of testing in approximately 254,000 US
laboratories [9]. Federal agenciesrely on nonprofit accrediting
agencieswith deeming authority under CLIA to ensurethat labs
comply with federal regulatory standards. Quality standards
include staff qualifications, quality control, and recordkeeping.
The CLIA approach isunique among federal oversight programs
in that it combines oversight with an educational and
collaborative approach to ensure quality testing that has allowed
tens of thousands of facilities unfamiliar with laboratory
technique to comply with federal quality standards. The
requirements have been phased in over aperiod of yearsto alow
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greater participation and improvement in the quality and delivery
of testing. Virtually all diagnostic testing laboratories comply
with CLIA processes today [10].

A similar approach applied to app devel opers could help ensure
that mHealth apps comply with at least basic standardsin three
areas, namely (1) accessibility, including inclusion of clear
language, ease of use, affordability, and usability on all mobile
platforms, (2) privacy, including assurances that apps
appropriately secure patient records and prohibit data sharing
with third parties, such asinsurance companies and advertisers,
and (3) content, indicating that apps are devel oped with expert
involvement, contain accurate medical information, limit in-app
advertising, and reveal both monetization practices, and potential
conflicts of interest [2].

The proven CLIA model provides a successful approach to the
oversight of mHealth apps and ensures that they are both safe
and clinically effective. The science of laboratory medicine has
evolved rapidly in the three decades since CLIA was enacted,
and the model also has been nimble in responding to new
technology and approaches[11].

Conflictsof Interest
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AsCLIA hasevolved in thethree decades since Congress passed
the law, health care providers no longer do business with
laboratories that are not CLIA certified. Passage of similar
legislation regulating CDS apps may have asimilar effect over
time, since certification gives the app credibility. Physicians
would use or recommend apps preferentially as a result of the
certification. Ultimately, accrediting bodies could require it as
they now require laboratory certification.

A formal certification process for mHealth apps, particularly
those that involve clinical decision making, would give doctors
and patients greater confidence in these products as they enter
the medical mainstream. Health professionals, patients, and
consumer groups must lead the drive for better information,
transparency, and usefulnessfor mHealth apps. Asnew products
enter the realm of diagnosis and treatment, physicians arein a
strong position to demand that apps are effective and protect
patients, whether used to treat disease or improve health and
wellness.
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Abstract

Background: Call detail records (CDRs) are collected by mobile network operators in the course of providing their service.
CDRsareincreasingly being used in research along with other forms of big dataand represent an emerging datatype with potential
for public good. Many jurisdictions have infrastructures for health data research that could benefit from the integration of CDRs
with health data.

Objective: The objective of this study was to review how CDRs have been used in health research and to identify challenges
and potential opportunities for their wider usein conjunction with health data.

Methods: A literature review was conducted using structured search terms making use of major search engines. Initially, 4066
items were identified. Following screening, 46 full text articles were included in the qualitative synthesis. Information extracted
included research topic area, popul ation of study, datasets used, information governance and ethical considerations, study findings,
and data limitations.

Results:  The majority of published studies were focused on low-income and middle-income countries. Making use of the
location element in CDRs, studies often modeled the transmission of infectious diseases or estimated population movement
following natural disasters with aview to implementing interventions. CDRs were used in anonymized or aggregated form, and
the process of gaining regulatory approvals varied with data provider and by jurisdiction. None included public views on the use
of CDRs in health research.

Conclusions: Despite various challenges and limitations, anonymized mobile phone CDRs have been used successfully in
health research. The use of aggregated data is a safeguard but also a further limitation. Greater opportunities could be gained if
validated anonymized CDRs were integrated with routine health records at an individual level, provided that permissions and
safeguards could be put in place. Further work isneeded, including gaining public views, to develop an ethically founded framework
for the use of CDRs in health research.

(JMIR Mhealth Uhealth 2018;6(7):€161) doi:10.2196/mhealth.9974

KEYWORDS
call detail records; mobile phone data; health research

exceedstheworld population at over 8 billion[1]. Mobile phone
penetration is constantly rising and is predicted to exceed 5
billion users by 2019 [2]. As mobile phones are now anintegral
part of modern life, their potential to be used as a means of

There are dready over 5 billion unique mobile device oroving health care is increasingly promising. Call Detail
subscribers globally, and the number of mobile connections

Introduction

Background
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Records (CDRs) are collected by mobile network operators
(MNOQs) in the course of providing their service. Each time a
mobile phone user connectsto amobile network, either by voice
call or text message, a record is generated that includes the
starting time of the call (or message), itsduration, the caller and
receiver phone numbers, and their locations [3]. Locations are
estimated from the positions of activated cell towers and can
be made more precise via tower triangulation and Wi-Fi
connections [3]. Unlike interaction with mobile phone apps,
CDRsresult from passive data collection requiring no additional
effort by the end user. MNOsreceive billions of CDRsglobally;
they are necessary for billing, monitoring data usage, and for
understanding and targeting customers according to their mobile
phone use[3].

Due to the lack of landline infrastructures, mobile phones are
the preferred method of communication in low- to
middle-income countries (LMICs) [4], and they are playing a
crucial part in these countries’ socioeconomic developments
[5]. Using mathematical modeling techniques, researchers are
able to use CDRs to estimate the location of different
populations and how this changes over time. Information on
migratory patterns within and between countries can offer
valuable information to policy makers in areas such as
agriculture, transportation, poverty, conflict prevention, and
disaster response and humanitarian aid [6]. In the last 5 years,
CDR data have been used to improve health and health care,
for example, viathe generation of epidemiological models that
can infer the spatial spread of infectious diseases from human
mobility patterns[7].

Unlike for some of these LMIC settings, many developed
countries have created data-intensive health research
infrastructures, integrating multiple sources of anonymized
routine health and administrative datafor secondary uses. Main
modelsvary between centralized repositories[8,9] and federated
systems with distributed data nodes [10,11]. Typically, in a
repository model, data are centralized for integration, whereas
inafederated model dataremain distributed among their original
sources, with various permutations on these model s and on how
a user accesses data. Data provision to researchers can entail,
subject to information governance regimes, external release of
linked datato researchers[12], accessviaadata-safe haven and
release of results[8], or by using privacy-preserving distributed
data mining that computes distributed data without revealing
sensitive information [13,14]. Address-based grid reference
location data used with routine data present additional
opportunities by enabling health geography studies but also
present particular disclosure risks that must be mitigated so the
datacan be used safely [15]. CDRsrepresent an dternative type
of gpatial data that could add to, or augment, routine data
collections to enable new opportunities for health research.

Objective

The objective of thisstudy wastwo-fold: (1) to review theways
in which CDRs (particularly the location elements) have been
used in health research to identify the challenges encountered
and benefits gained, and (2) to use this information to explore
the issues that would need to be addressed to enable wider use
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of CDRs for health research, including their integration with
routine health and administrative data.

Methods

A literature review was conducted using structured search terms
making use of major search engines. Predetermined eligibility
criteriawere set and adhered to in order to avoid theintroduction
of bias and to preclude the selection of studies on the basis of
whether they favored a particular conclusion. To be included
in the review, studies must have been published in the English
language and in either peer-reviewed journals or conference
proceedings. Studies must have used CDR data to answer a
research question. Therefore, methodological papers, for
example, outlining different mathematical approaches for
analyzing mobile phone datasets, were excluded. Studies using
data derived from mobile phone apps were also excluded.
Research on any study population and health-related condition
was included.

A search strategy was devised based on these inclusion criteria
aided by identifying keywords from seminal worksin thisfield
[3]. The search terms were as follows: (mobile phone location
data) OR (mobile phone call data) OR (mobile phone data) OR
(cell phone data) OR (cell phone call data) OR (cell phone
location data) OR (call detail records). These keywords were
chosen in order to conduct a sensitive, rather than a specific
search to ensure a higher probability of including all relevant
articles. The strategy was customized according to the
stipulations of each database for building search strings.
Searches covered studies published up until January 2017 with
no restrictions on the earliest date of publication. Thefollowing
databases were searched from February 7-25, 2017: the
Cochrane Central Register of Controlled Trials (CENTRAL)
[16], Google Scholar [17], PubMed [18], Scopus [19], Web of
Science [20], and WorldPop [21]. It was not intended as an
exhaustive review, but wetook a pragmatic approach to identify
a comprehensive range of health-related studies to identify
benefits and challenges with reasonable confidence.

All search results were imported into an online reference
generator [22] and duplicate referenceswereremoved. Thetitle
and abstracts of these resultswere screened against theinclusion
criteriaas outlined aboveto identify potentially eligible studies
for which the full texts were reviewed. Two reviewers
independently performed the search, and disagreements between
the reviewers were resolved by consensus. The reference lists
of the eligible articles were searched to identify additional
studies.

The following data were extracted for each eligible study:
author, year published, title of article, country of population
studied, research topic area, how datasets were used, findings,
information governance, and limitations of the data.

Results

Overview

The searchinitialy identified 4066 studies. Of these, 4008 were
excluded on the basis of title and abstract alone as they did not
meet theinclusion criteria. Most of the studiesinitially excluded
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tended to not be either research studies or health-related.
Fifty-eight full-text articles were assessed for eligibility, and a
further 12 were subsequently rejected for not meeting the
inclusion criteria. Of these, two papers were excluded as they
were not research studies, but rather described anonymization
processes; four were excluded as they did not use CDR data;
five were excluded as they were geographical studies but not
on health-related research; and one study was excluded as it
was a methodology paper. Figure 1 shows the study process
flowchart according to Preferred Reporting Itemsfor Systematic
Reviews and Meta-Anayses (PRISMA) guidelines[23]. Asa
result of the screening process, 46 full-text articleswereincluded
in the qualitative synthesis. Multimedia Appendix 1 presents
theincluded studies[24-69]. Studiesusing CDR datafor health
research are summarized. CDR data were used aone or in
conjunction with additional datasets for a variety of
health-related purposes. In each study, CDR data were used in
mathematical modeling to predict or identify population
movement or to construct and predict social networks. A
narrative description, based on the information provided in the
publications, is given here to provide further details and draw
out notable issues.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-An:

——
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Resear ch Topic Area and Findings

As is evident from Multimedia Appendix 1, the mgority of
studies (n=42) focused on LMICs, with the other four using
data from Belgium (n=2), Austria, and Italy. By using
mathematical modeling, CDR location datawere used to predict
the movement of a population. Often, CDR data were used to
develop models to address pressing concerns on infectious
disease transfer. These included (numbers of studies shown
where >1) malaria (n=11), HIV (n=3), cholera (n=3), influenza
(n=3) dengue fever, Ebola virus, schistosomiasis, Rubella,
meningitis, and tuberculosis. Other studies made use of CDR
data to model population movement after disasters, to design
and target public health interventions by identifying thelocation
of at risk populations, to model hospital catchments, to model
effects of air quality, and to explore options to arresting
infectious diseases at outbreak. Where additional datasetswere
used, these were overlaid and compared with existing CDR
data. For example, virological data were used to understand
how cases of influenza were spreading. These were then used
to verify mathematical models generated using CDR location
data by mapping how populations move [27]. Although thisis
a method of integrating data, none of the included studies
actually linked CDRs on an individual level to other datasets.
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Datasets and Data Governance

Thirteen of the articles were on studies from the 2013 Orange
Datafor Development Challenge on M obile Phone Datafocused
on lvory Coast [70]. Orange is a large, international mobile
network operator, who alowed international research
|aboratories access to anonymized CDRs generated by 5 million
of their Ivory Coast customers dating between December 2011
and April 2012. Researchers were tasked to use the datain a
way that could potentially contribute to the socioeconomic
devel opment of the country. CDRswere anonymized by Orange
Ivory Coast and processed by Orange Labsin Paris. In addition,
the geographical locations of the mobile phone masts were
blurred to protect the commercia interests of Orange. These
datasets were then released to researchers [70].

Four datasets of varying granularity were provided by Orange:

1. Thenumber and duration of callsbetween apair of antennae
aggregated by each hour. These data were provided for the
whole of the observation period.

2. High spatial resolution data (which published antenna
identifiers) of individual movement trajectories. To reduce
the possibility of identification, these data were supplied
on a random sample of 50,000 individuals for a 2-week
time period only.

3. Data for the entire observation period but with reduced
spatial resolution to mitigate the risk of identification.
Spatial resolution was reduced by using the subprefectures
of the mobile phone antenna location rather than specific
antennaidentifiers.

4. Social network subgraphsusing call data generated by 5000
randomly selected individuals. These were divided into
2-week time periods for the entire duration of observation
[70].

A year later, Orange issued a second challenge, thistime using
data from Senegal [71]. Twelve of the studies included in this
review used the data provided by this challenge. The datawere
pseudonymized locally in Dakar by Sonatel in thefirst instance.
Orange Labs in Paris then undertook severa layers of
anonymization on the data. As with the Ivory Coast data, the
true geolocations of mobile phone masts were masked. Again,
to reduce the risk of identification, datasets of high granularity
wererestricted in time span, and coarser aggregated data covered
longer periods of time [72]. An internal ethics workgroup
reviewed the governance of each application to receive access
to the data. An additional safeguard was also put in place for
this particular challenge. An external ethical review panel was
set up that consisted of 14 international memberswho provided
the Orange team with advice on information governance,
particularly to review risks in publishing findings. As well as
privacy concerns, the external review panel considered political
concerns and issues of civil unrest (eg, regarding the Ebola
epidemic).

Of the studies not involved with either of the Orange Data for
Devel opment challenges, all studies apart from three[38,39,64]
stated that the mobile phone CDRs they used in their research
were anonymized. Few studies described the anonymization
process asthiswas usual ly undertaken by the MNO beforehand.
However, we have assumed, at the very least, that personal
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identifiers were removed from the data. MNO anonymization
was not carried out in in one study [32] where researchers were
provided with a raw dataset and undertook the anonymization
processthemselves. High- and low-volume userswere excluded
from analysisin this study to protect privacy. A second dataset
from a different provider was used by the researchers in this
same study. This dataset had been anonymized by the MNO:
identifiable information was replaced by a hashed ID and
encryption keys were exclusively managed by the MNO.

Wilson et al [67] stated that they followed the Groupe Spéciae
Mobile Association (GSMA) privacy guidelinesthat advisethat
any analyses on mobile phone records should be done using
de-identified data and that individual level data should not leave
MNO servers [73]. All analyses conducted by this team were
performed by connecting remotely to a Linux server with only
aggregated data transferred outside the operator.

Wesolowski et al [66] detailed how they complied with the laws
and regulations of Pakistan and the MNO Telenor, by using
only data aggregated to tehsil level (an administrative unit of
Pakistan). This was processed on their behalf by Telenor
employees. The following measures were implemented to
preserve the privacy of Telenor Pakistan's customers: (1) the
CDR/mobility data were processed on a back-up and recovery
server made available by Telenor Pakistan, with only Telenor
employees having access to the detailed CDR/mobility data,
(2) given the server arrangements, no detailed CDR/mobility
data were taken out of Pakistan or left the premises of Telenor
Pakistan, and (3) the processing of the detailed CDR/mobility
data resulted in aggregations of the data on a tower-level
granularity that was accessed only by Telenor employees.

Eight other studies mentioned explicitly that they used
aggregated data in their analyses. There was no evidence to
suggest that studies had a higher tendency to use aggregation
if additional datasets had been used, but all additional datasets
containing individual level datawerede-identified. Three studies
explicitly stated that they sought ethical approval from their
own institution before beginning their research [28,36,57].

Data Limitations

Severd researchers commented on the limitations of the data,
some of which are common to many data types and some
specific to phone data. Gavric et a [41] reported that using
aggregated datadueto privacy concerns decreased the precision
of their analyses. Differential mobile phone ownership due to
financial means and socioeconomic status was noted as a
potential source of biaswhereby different sectorsof apopulation
may be over- or underrepresented [32,37,45,60]. For countries
within Africa in particular, phone sharing is common, thus
creating another potential source of bias sincethe network tracks
the subscriber identification module (SIM), not the person. This
would limit the value of studies focused on particular groups
rather than general population movement [60].

Discussion

Principal Findings. Opportunities and Challenges

Emerging data types, such as mobile phone CDR data present
valuable new opportunities for health research, particularly
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when used in combination with additional datasets. This study
reportson astructured literature review on the use of CDR data
for health research, showing that the immense volumes of CDR
datacollected and held globally by MNOs can be used for public
health benefit. Of particular interest isthe location element that
can be used to track phone user movement at various levels of
granularity. Most of the studies included in this review used
CDR data to create mathematical models based on population
movement to predict the spread of disease epidemics. Where
additional datasets were used, often these verified the validity
of these models.

Using CDRsin health research has anumber of benefits. These
data are routinely and passively collected via mobile phones
without any effort needed by the end user. It could be argued
that creating these big datasetsin thisway isfar easier and more
effective than recruiting and consenting participants into a
research study individually. Also, CDRs can be generated from
basic mobile phones and do not require the use of smartphone.
Therefore, their use in research does not preclude those from
low socioeconomic groupsin the way that GPS data would, for
instance. Anindividual’s home and work setting can be derived
from CDR data, which is particularly valuable for countries
where no integrated infrastructures exist for population census
[74]. However, there are limitations that need to be taken into
account in evaluating the use of CDRs in health research and
in considering opportunities for their wider use. Data
availability, formats, and levels of aggregation vary with MNO,
and thiswill influence the type of analysisthat can be done. For
studiesthat require CDRsto be collected by multiple operators,
researchersface theissue of having to join anonymized datasets:
adifficult, although not insurmountable task [75]. Thereisan
unknown level of discrepancy between phone owner and main
user when phones are shared or bought for another person. This
can call into question the validity of study findings focusing on
particular demographics, since the extent of group representation
is not known. Differential ownership of mobile phones among
different sectors, particularly in LMICs where much of CDR
research takes place, aso calls into question the
representativeness of the data and thus the findings that ensue
[76]. However, it has also been observed that despite biases,
there are few, if any, data sources that can provide such rich
gpatial and tempora movement data, particularly for
much-needed research in LMICs [63,66].

A number of common patterns in data governance emerged
from the review. Datasets were provided to researchers at
different levels of spatial granularity and over variously
restricted time periodsto mitigate disclosurerisks. These varied
by study, or by programs of study. In some cases, data were
subjected to several layers of anonymization and the true
geolocations of mobile phone masts were masked. The use of
anonymized (or strongly pseudonymized) data was the norm,
with few studies outside this model and with many additionally
using aggregation and the suppression of rare or extreme
records. Reports of formal ethical review varied, but proposals
were routinely submitted to an internal ethics workgroup, and
in some cases to an independent external group for wider
considerations such as political implications, societal benefits,
and risk versus utility.
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Concerns have been published on the ethics of using maobile
phone data in research and the potential threats to privacy.
Although MNOs have legal and organizational policies and
researchers have jurisdictional health research governance to
abide by, there is an absence of a clear, holistic, ethical, and
regulatory framework to guide research using CDRs[3]. Most
published research reports use anonymized data and many go
further to protect against re-identification via aggregation.
Nevertheless, examples of how anonymization and aggregation
do not guarantee privacy in location data are abundant in the
literature [77-79]. Furthermore, breaches in group privacy do
not rely on the re-identification of individuals. It is considered
that individuals who belong to certain groups on the basis of
their gender, sexual orientation, ethnicity, or political
preferences could become visible in CDR data [80]. There is
clearly aneed for an ethically founded framework for the use
of CDRsin research for public good.

Considering that CDR data are collected about members of the
general public, such aframework should takeinto account public
viewpointson the use of CDRsfor research. Public engagement
is, of course, a common feature in health research and in the
use of large-scale, anonymized person-based data [81,82]. But
it isacknowledged that similar work is both lacking and needful
in the case of CDR data[3]. Although there have been surveys
of public views on other aspects of mobile phone usage [83],
thereisno known literature on public perceptions of using CDRs
for health research. Research using CDRsis till in itsrelative
infancy, which means it is an ideal time to engage with the
public so that their views can be taken into account in
developing an ethically founded framework. This can be
compared to similar work that has been done on genomic data
sharing, another controversial areaof health datascience, where
strong public views have necessitated the development of clear
datasharing policies(eg, the Global Alliancefor Genomicsand
Health [84]) [85-87].

Wider Use and Future Work

From the review conducted in this study, plus seminal studies
and reports [3,88], it is clear that CDR data can be valuable in
health-related research. But as the majority of studies have
focused on LMICs, the question arises of whether this can be
translated into wider use in more developed countries, in
particular where there are data-intensive infrastructures for
health research that already have (or can gain) access to more
traditional geolocation data, in the form of verified
address-based grid references. Basically, it is a question of
whether CDR dataisvaluablefor health research per se, or only
in particular settings. In support of the former position, some
of the studies reviewed focused on Belgium, Austria, and Italy.
Furthermore, Orange is not the only mobile network operator
whose CDR datasets are being applied to health-related issues,
as Telefonicahave demonstrated viatheir Smart Stepsinitiative
in various countries [89]. It may be that CDR data will prove
to be a valuable resource for the public health sector, where,
for example, the location element of the data could shed light
on the way heath promotion campaigns impact hospital
attendances. Used in conjunction with additional datasets (eg,
air quality monitoring databases, infection/virus outbreak data,
emergency department attendance records), CDR location data

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |e161 | p.12
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

may bring about new opportunitiesfor health research. However,
during the course of this study, a number of issues have been
revealed that impact on opportunitiesfor the wider use of CDRs
for health research and that can be learned from in moving
forward. These are considered herein relation to their integration
with other relevant datasets for use in data-intensive
infrastructures, but they are also relevant to smaller-scale health
research endeavors.

An essential and primary issue is data availability since CDRs
reside with the network operator. This alone could be a
show-stopper for various reasons, including that GSMA
guidance statesthat individual level CDR data should not leave
MNO servers[73,90]. Assuming data could be accessible, there
would need to be suitable mutually beneficial agreements
between the MNO and research program owner, with the
prerequisite of a shared vision for data use [88]. Following
modeling exercisesin conjunction with Vodafone, the UK Office
of National Statistics is planning to use CDRs to monitor
commuter travel and collect census data [91]. There will, of
course, be afinancial cost for the use of the data, the extent of
whichisnot known. But to be viable, thiswill need to be lower
than current costs and/or provide valuable new information.
Cost isasecond major operator-related issue that may preclude
the wider use of CDRs in health research unless suitable
collaborative arrangements can be made.

Limitations inherent in the data (outlined earlier) need to be
quantified and addressed for greater confidence in research
findings. Encouragingly, there are reportsthat propose how bias
in phone data can be addressed [74], but other issues remain. It
would be useful to see a series of studies that have assessed the
validity of CDRs in health research compared to other forms
of geolocation data, for example, with Bluetooth data [92],
photographic data[93], and flight data[94]. Such effortswould
strengthen the evidence base on whether investment in the wider
use of CDR datais warranted.

Aswith the use of any person-based datatype, suitable physical,
technical, and procedural controls need to be agreed between
thedataprovider (MNO) and data user, as part of aproportionate
data governance regime. This is true, though the stipulations
may differ, whatever infrastructural and data access modelsare
in place. The fact that anonymized and even aggregated data
can pose identity disclosure risks is beyond doubt. Disclosure
risks in the use of CDRs have not been studied to the same
extent, and further work would be beneficial [15]. Ideally, this
should be done in collaboration with an amenable network
operator and be based on integrating CDRswith health records.
However, this could be a challenge for reasons aready
described, but modeling a variety of data use scenarios using
metadata (if available) could be a useful compromise and still
yield meaningful information. This, along with the identified
need for the input of public views on the use of CDR data for
health research, would also inform the much needed consistent,
holistic, ethically founded framework.

Public engagement forms an important part of an ethical
framework for data use, beyond strict legal compliance
requirements. Consultation with the public to gain their views
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ontheuse of CDRsfor health research would gauge knowledge
and expectations and, aswith other emerging data types, would
inform the socially acceptable use of the data. This is not too
much to ask, since after al, CDRs originate with individuals
and are based on their activities. It would beinteresting to know
more about the public’s actual awareness of data collected by
mobile operators and the ways data are used in-house and by
external agencies.

A last consideration is of the ultimate feasibility of integrating
CDRs with health record data in terms of whether there is an
appetite for it among the participating stakeholders. Thisis not
aquestion that can be answered easily without seeing how the
many challenges could be addressed so that the risk versus
utility of such a development could be evaluated. A definite
appetite and strong drivers to move initiatives forward will be
needed for success.

Strengthsand Limitations

This study adds to the discussion on the suitability of CDRsfor
health research and raises issues to be addressed if the wider
use of CDRs is to become aredlity. It is the only known study
to carry out a review of publications using CDRs in health
research in order to learn from their practices and identify
challenges. It aso considers the use of CDRs in relation to
data-intensive infrastructures and sets out problemsto be solved
to enable informed decisions on whether investment in seeking
CDR integration iswarranted. In accordance with other authors,
this study recommends the devel opment of an ethically founded
framework for the use of CDRs in health research, but
furthermore, it recommends that public views on the use of
CDR data should be integral.

However, there are some limitations to consider. This study
focused on articles using CDRs for health-related topics
published in peer-reviewed journal s and conference proceedings;
it does not claim to be an exhaustive review. The use of health
monitoring appsisoutside the scope of the study, like Ginger.io
[95] and the work of Sandy Pentland who, for example, used
behavioral information from voice recordings and texting to
detect signs of posttraumatic stressdisorder in returning soldiers
[96]. It also drew on reports published by MNOs and other
organizations. However, operators will also have proprietary
information not shared publicly, which may contain planned
developments to address pertinent issues and take forward the
use of CDRs for public benefit.

Conclusion

All things considered, there are possibilities for the wider use
of CDR data in health research but there are also major
challenges to be addressed. Some important points have been
discussed here, but this is not an exhaustive list of issues.
Questions remain around the suitability of CDRs for wider use
in health research and particularly as part of data-intensive
infrastructures for population-scale studies. A concerted effort
will be needed to create solutions to determine if maobile phone
CDRs are a worthwhile data type to pursue and invest in to
augment currently used geolocation data.
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Abstract

Background: A pressing need exists to understand and optimize the use of dietary assessment tools that can be used in
community-based participatory research (CBPR) interventions. A digital food record, which uses a mobile device to capture the
dietary intake through text and photography inputs, is a particularly promising mobile assessment method. However, little is
understood about the acceptability and feasibility of digital food recordsin CBPR and how to best tailor dietary assessment tools
to the needs of a community.

Objective: The objective of our study wasto evaluate the acceptability and feasibility of digital food records among church-based
populations in resource-limited wards of Washington, DC, USA, using a mixed-methods approach.

Methods: This community-based pilot study was conducted as part of the Washington, DC Cardiovascular Health and Needs
Assessment. Participants (n=17) received a mobile device (iPod Touch) to photodocument their dietary intake for a 3-day digital
food record using a mobile app, FitNinja (Vibrent Health). The acceptability of the digital food record was explored through the
thematic analysis of verbatim transcripts from a moderated focus group (n=8). In addition, the feasibility was evaluated by the
percentage of participants complying with instructions (ie, capturing both before and after meal photos for at least 2 meals/day
for 3 days).

Results: Qualitative themesidentified wererelated to (1) thefeasibility and acceptability of the mobile device and app, including
issues in recording the dietary information and difficulty with photodocumentation; (2) suggestions for additional support and
training experiences; and (3) comparisons with other mobile apps. Overall, the participants accepted the digital food record by
demonstrating satisfaction with thetool and intent to continue the use (eg, participantsrecorded an average of 5.2, SD 7, consecutive

http://mhealth.jmir.org/2018/7/e160/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [e160 | p.19
(page number not for citation purposes)


mailto:tiffany.powell-wiley@nih.gov
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Fowler et a
days). Furthermore, of the 17 participants, 15 photodocumented at least 1 meal during the study period and 3 fully complied with
the digital food record instructions.

Conclusions: Thisstudy demonstrated digital food records asan acceptabletool in CBPR and identified contributorsand barriers
to the feasibility of digital food records for future research. Engaging community members in the implementation of novel
assessment methods allows for the tailoring of technology to the needs of the community and optimizing community-based

interventions.

Trial Registration:
WebCite at http://www.webcitation.org/70WzaFWh6)

Clinical Trials.gov NCT01927783; https://www.clinicaltrials.gov/ct2/show/NCT01927783 (Archived by

(JMIR Mhealth Uhealth 2018;6(7):€160) doi:10.2196/mheslth.9729

KEYWORDS

mHealth; diet; community-based participatory research; qualitative research; focus group, obesity

Introduction

Cardiovascular disease (CVD) isthe leading cause of death in
the United States, and modifiable behaviors can drastically
reducetherisk for CVD [1]. Poor diet, in particular, is associated
with increased risk for CVD [2] and is especially suboptimal
among resource-limited populations [3,4], placing these
individuals at amplified risk for CVD. Interventions aimed at
improving the dietary intake to reduce risk for CVD in this
population could be most effective when designed and
implemented in partnership with community stakeholders[5-7].
Although reliable and valid assessment tools are fundamental
in measuring an intervention’s efficacy, little is known about
how best to tailor dietary assessment tools to the needs of a
community. Therefore, apressing need existsto understand and
optimize the use of dietary assessment tools that could be used
in  community-based participatory research (CBPR)
interventions.

Traditional dietary measures, such as food frequency
guestionnaires, 24-hour dietary recalls, recovery biomarkers of
nutrient intake, and observational studies, can be costly to
implement, burdensome to participants, limited by recall bias,
have reduced ecological validity [8-10], and suboptimal in
assessing how dietary intake changes over time—an integral
measure in intervention research [11]. Ecological momentary
assessments (EMAS) allow for data collection to occur in “real
time” in participants environment, eliminate error associated
with participant recall, and increase the ecological validity;
however, participants might still perceive a high time burden
associated with this method and unintentionally document
inaccurate information [8,9,12].

mHealth technology shows considerable potential as a data
collection platform. A digital food record (DFR), which involves
the use of a mobile device to capture dietary intake through
descriptive text and before and after meal photography, is a
particularly promising mHealth assessment method that can
address some of the limitations of traditional dietary measures
and other EMA methods [11-16]. In addition, DFRs have the
potential to maximize the validity of the dietary intake data
collected by providing researchers with pictures documenting
portion sizes consumed, additional undocumented food items,
and the rate of food consumption. Moreover, they may aso
reduce the burden on participants to record the precise intake
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information [14-17], which could be particularly useful for
populations with lower literacy [18,19]. Previous research has
demonstrated the feasibility [14,20-23] and validity of DFRs
[12,18-20,24-26]. Furthermore, the use of DFRs was shown to
have high acceptability and validity in pediatric and adolescent
populations[18,19,23,27], acollege population [26], overweight
and diabetic populations [22,27,28], and a free-living adult
population [29].

While numerous studies support the use of DFRs for dietary
intake assessment within research contexts [19-21], little is
understood about how acceptable and feasible DFRs arefor use
in CBPR. In fact, the majority of research examining the
feasibility of DFRs has been conducted in a laboratory or a
controlled setting (eg, provided with meals and snacks to
consume at home) [12], suggesting a need to examine the use
of DFRs within a community setting. Furthermore, it remains
unknown whether DFRs are well suited for resource-limited
communities, most of which areat risk for CVD. CBPR provides
feedback from community members, captures input on the
feasibility of novel tools for use in future studies and
interventions, and allows for the “tailoring” of assessment
methods to the needs of the community through thisinvolvement
[7]. Therefore, using CBPR to examine the usability of DFRs
might be most advantageous.

Recent work from our research team assessed the feasibility of
a Web-based and wearable technology to measure physical
activity among faith-based communities in Washington, DC,
USA, where the CVD risk is the highest and resources for
physical activity and healthy nutrition are most limited,
compared with other wards in DC (NCT01927783 [30]). To
complement this work, the feasibility of mHealth technology
measurements of the dietary intake were examined within these
same communities. Increasing knowledge regarding the usability
of digital technology to measure the dietary intake in CBPR
could provide opportunities to tailor methods to the needs of
the community, improve interventions that promote healthy
eating, reduce cardiovascular (CV) health disparities, and
improve heath outcomes among resource-limited, at-risk
populations.

This analysis had two specific aims: (1) to determine the
feasibility and acceptability of using amobile DFR app with a
camerato take photographs of dietary intakein an economically
disadvantaged population and (2) to examine benefits and
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barriersto use of DFRsin community-based interventionsusing
a mixed-methods approach. We hypothesized that the use of
DFRs is a feasible and acceptable method for capturing the
dietary intake in the faith-based community of interest.

Methods

Study Design

We conducted a CBPR mixed-methods study that incorporated
afocus group and pilot testing of a DFR app, FitNinja (Vibrent
Health, Fairfax, VA, USA). The data collection process (Figure
1) involved a secure internet server to alow for the secure
transfer and uploading of data from the DFR app. To consult
on the planning and implementation of this and other
community-based initiatives, we established the DC CV Health
and Obesity Collaborative (DC CHOC), acommunity advisory
board comprising adiverse group of community representatives
and amultidisciplinary research team. Representativesincluded
epidemiologists, behaviora scientists, and community leaders
from faith-based organizations, academia, health care, and
governmental organizations, as described previously [30]. The
first research project designed by the DC CHOC, the
Washington, DC CV Health and Needs Assessment, included
a subset of studies designed to examine the proposed mobile
technology in asamplefrom the target population beforetesting
on alarger population inthe CV Health and Needs A ssessment.
This series of focus groups and pilot tests were called the CV
Health and Needs Assessment Qualitative Study and was the
focus of this study. The National Heart, Lung, and Blood
Ingtitute Division of Intramural Research Ingtitutional Review
Board (Protocol 13-H-0183) approved the CV Health and Needs
Assessment and the CV Hedth and Needs Assessment
Qualitative Study. All participants provided written informed
consent.

All participants (n=17) received a mobile device (iPod, Apple,
Cupertino, CA, USA) and were instructed to take pictures of
their meals for a 3-day DFR using the FitNinja mobile app.
Participants were instructed to take pictures before and after
each meal for at least 3 days (2 weekdays and 1 weekend day)
using the mobile app. Participants classified their own meals,
with the options of breakfast, lunch, dinner, or a snack. In
addition, participants were instructed to take date- and
time-stamped photos. Each participant was given a fiducia
marker (a4 x 4-cm card) to place by their meal when taking
pictures as a reference image in determining the portion size.

Figure 1. Secure data collection process.
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While photos were not translated into nutritional or caloric
composition data, these were used for descriptive purposes for
meals or snacks eaten. Providing descriptive information
regarding the meal quality isof uniquevaluefor diet counseling
focused on the portion size, meal timing, and adherence to
“MyPlate” recommendations and can therefore inform other
uses of thistype of tool.

We conducted a focus group for a subset of qualitative study
participants (n=8) after 2 weeks of using the mobile device and
FitNinja app. The outcomes of interest in this study were as
follows: (1) the feasibility of DFR as measured by the text and
photography input in the FitNinja app and (2) the acceptability
of the system determined by the results of a moderated focus
group discussion. The focus group discussion was designed to
elicit participants opinions about their experiences with the
technology and FitNinja app and to prompt their suggestions
for incorporating similar technologies in future behaviora
interventions within their communities.

Digital Food Record

Participants were introduced to the FitNinja mobile app and
trained on how to use it with a PowerPoint presentation
developed by the app developers, with the approval of the
research team that paralleled the FitNinja instruction manual.
In addition, the training session involved hands-on practice
using the app with the support of aresearch team member. We
provided each participant with his or her own instruction manual
for reference; the instruction manual provided detailed stepson
how to use the app, including how to connect to Wi-Fi, log in
to the FitNinja app, take photos of foods consumed, create text
and voice notes describing foods consumed, and search thefood
database. Moreover, the manual described how to scan barcodes
of food items, browse restaurant menus, create food items or
recipes, add calories, and edit or delete previously recorded
meals. Useful tips and clarifications regarding the use of the
app were alsoincluded aspart of theinstruction manual, referred
to in the manua as “helpful hints” Figure 2 displays text
excerpts from the manual that guided participants through an
example of meal recording with photography using the FitNinja
app.

The iPod Touch devices were collected from participants after
completing up to 30 days of participation. In addition, the data
from the devices were uploaded directly to a secured website,
where the research team could access and download the data
for analysis.

Secure Server Research Group
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Figure 2. Excerptsfrom the instruction manual for FitNinja.
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Focus Group

At the end of the study period, we conducted a focus group for
a random subset of participants to provide feedback on their
experiences with DFR. Participants in this study were
compensated with aUS $25 gift card, compatible with thetime
required for the focus group. The detailed description of the
focus group data collection process, including the moderator’s
guidethat included preselected questions and probes, isavailable
elsawhere [30].

Study Population

We recruited participants for the CV Heath and Needs
Assessment Study and its accompanying CV Health and Needs

http://mheal th.jmir.org/2018/7/e160/
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Assessment Qualitative Study from 3 churchesin economically
disadvantaged wards of Washington, DC, USA,—wards in
which the median income was lower than the median income
in other wards of DC—where resources for healthy nutritional
optionswere mostly limited and the obesity prevalence wasthe
highest between December 2013 and January 2015 [31,32].
Participants were eligible for this study if they were between
the ages of 19 and 85 years and possessed sufficient English
language proficiency to execute study tasks. We recruited 8
participants for the CV Hedth and Needs Assessment
Qualitative Study focus group, which was within the
recommended range for the qualitative research group discussion
of 6-10 participants and comparable with other mHealth initial

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 160 | p.22
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

pilot testing groups [33-36]. Furthermore, additiona 9
participants were randomly selected from the larger CV Health
and Needs Assessment Study to complete DFR for 17
participants.

Quantitative Data Analysis

The number of photos captured before and after eating for the
3-day food record was determined for participants to evaluate
the feasibility of this tool for the population. For additional
guantitative datain the study, we measured food record quality
and adherence to food record instructions, including complete
adherence to instructions to log “before” and “after” pictures
of al recorded meals for 3 consecutive days.

Qualitative Data Analysis

The focus group was audiorecorded, and the recording was
transcribed verbatim by an independent clinical research
organization (Social Solutions International, Inc, Silver Spring,
MD, USA). The discussion of reliability checks of the
transcribing process, devel opment of acodebook of themes, the
coding process, and evaluation of the trustworthiness of
qualitative analyses are available in previously published work
[30,37].

Fowler et d

Results

Demographic Characteristics

In this study, 53% (9/17) of participants were females, with
ages ranging from 28 to 80 years and with an average age of
56.3 (SD 11.8) years. All participants were African American,
and the mgjority was married (n=11), had received at | east some
postsecondary education (n=14), and reported annual household
incomes of more than US $60,000 (n=11), as shown in Table
1.

Quantitative Study Results

The participation rate for this study was approximately 88%,
with 15 of the 17 participants capturing a photo of at least one
meal over the study period. We recorded an average of 6 (SD
7.3) days per participant, with an average of 18.2 (SD 23.8)
meals (ie, breakfast, lunch, dinner, or snack) recorded over the
study period per participant. In addition, consecutive daily
recording, defined asthe number of daysin arow where at | east
one meal was photodocumented, ranged from 0 (n=2) to 25
days (n=1), with an average of 5.2 (SD 6.6) consecutively
recorded days.

Table 1. Participants characteristics (n=17); CV Health and Needs A ssessment Qualitative Study.

Variable Vaue
Sex, n (%)
Female 9(53)
Male 8 (47)
Age, mean (SD), range 56.3 (12), 28-80
Race (Black or African American), n (%) 17 (100)
Marital status, n (%)
Married 11 (65)
Single 3(18)
Divorced 2(12)
Widowed 1(6)
Education, n (%)
High school diplomaor GED? 3(18)
Some college or technical degree 5(29)
College degree 3(18)
Graduate or professional degree 6 (35)
Annual household income (>US $60,000), n (%)b 11 (69)
Participation rate (logged at least one meal), n (%) 15 (88)
Days recorded, mean (SD) 6.0 (7)
Meals recorded, mean (SD) 18.2 (24)
Consecutive days recorded, mean (SD), range 5.2(7),0-25

8GED: General Equivalency Diploma.
bOne participant refused to answer.
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Table 2. Participation descriptive statistics (n=17); CV Health and Needs Assessment Qualitative Study.

Description Mean (SD) Min Max
Photos per day recorded 29(2.0) 0 10
Photos per meal recorded 1.4 (1.0 0 9
Meals per day 26(1.2) 0 4
Breakfasts per day 0.8(0.3) 0 1
Lunches per day 0.6 (0.4) 0 1
Dinners per day 0.7 (0.4) 0 2
Snacks per day 0.5(0.5) 0 3

Table 3. Measures of adherence to the digital food record instructions; CV Health and Needs Assessment Qualitative Study.

Measure of Adherence Value
General Adherence, %
Mealswith “before” and “after” picture 26.7
Meals recorded without pictures 10.6
Mealswith only “before” picture 57.6
Meals with only “after” picture 51
Percent of days with 3 meals (breakfast, lunch, dinner) per day 39.2
Participant Adherence (n=17), n (%)
Participants who logged at least 1 day with >3 meals 11 (65)
Participants who logged at least 1 meal with a“before” and “after” picture 14 (82)
Participants who logged 3 consecutive days with “before” and “after” picture 3(18)

The mgjority of participants recorded their dietary intakes on
Sunday, Monday, and Tuesday, with Monday being the modal
day in terms of participation rates. The participants logged an
average of 2.6 (SD 1.2) meals per day. Breakfast was logged
more frequently than other meals, and snacks were logged the
least. On average, 2.9 (SD 2.0) photos of meals were taken per
day, with an average of 1.4 (SD 1.0) photos taken per meal.
Table 2 provides additional descriptive statisticsrelated to DFR.

Most meals (89%) were recorded with one or more photos.
However, it was unlikely for participantsto log mealswith both
“before” and “after” photos, with 26.7% of meals having both
“before” and “after” pictures recorded. Finally, 18% (3/17) of
participants completely adhered to the study directives, which
were to record “before” and “after” photos for all meals for 3
consecutive days (Table 3).

Participants included a description with photos about 47% of
the time, and the food search feature was used to accompany
approximately 16% of the photo records. A common issuewith
the photos involved was not being able to distinguish all food
itemsin aphoto. On average, 67% of the photos had compl etely
distinguishable contents, as determined by a member of the
research team (LRY). In determining whether the contents of
the photo were distinguishable, the research team member
focused on whether all the food items in an image could be

http://mheal th.jmir.org/2018/7/e160/

recoghized (ie, Was the image clear or blurry? Was the photo
close enough? Was the whole plate seen? Were all described
foodsincluded if acaption was provided? Were the components
of abeverage or mixed food item, such as a sandwich, clear?),
with the objective of quantifying the feasibility of food
photography and not on the validity of food contents. Some of
the most common errors in taking photos of meals included
being unable to determine what kind of beverage wasin a cup
or how much of the beverage was consumed; being unable to
distinguish the general contents of photos without referring to
a text description (if provided); condiments, sauces, or other
ingredientswere not logged or distinguishable; and portion sizes
were indeterminable from photos. For example, condiments
and beverages were properly documented 34% and 50% of the
time, respectively.

Qualitative Study Results

Themes

Thethematic analysis guided theinterpretation of the qualitative
data. Themesidentified within the data collected from thefocus
group included (1) theiPod or Dietary app, containing 6 related
subthemes; (2) support and training; (3) the Hawthorne effect;
and (4) device comparisons. Table 4 providesillustrative quotes
extracted from the focus group transcript for each subtheme.
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Table 4. Focus group themes, subthemes, and illustrative quotes; CV Health and Needs Assessment Qualitative Study.

Focus Group Themes

Ilustrative Quotes

1.iPod or Dietary App
Feasibility or Acceptability

Suggestions for improvement

Socia media

Ambiguity over project goals

Issuesin recording dietary information

Feedback

2. Support and Training

Level of technology literacy

3. Hawthorne Effect

4. Device Comparisons

For me, | couldn’t do it during the work week...It would be a challenge. [Male, 55 years]

| had absolutely no problemin taking pictures. I’ mretired and whenever | got up and got to-
gether I'd take a picture. [Male, 69 years)

The difference will comeinif | take this pictures and sit down with [the researcher], and she's
able to say to me, “ On Monday you had bacon, eggs, grits, juice, fruit, and then | see over
here you had a sticky bun. Okay, why don’t we cut the sticky bun in half. Eat everything else”
[Female, 59 years)

| thought it would be cool to have data [on] how | prepared that food...Did | use canola oil,
did | use peanut oil? ...Did | boil it or did | steamit? Did | put it in the microwave? Did | bake
itor did| fryit? [Male, 55 years]

1 would have liked to post thisto social media, you know the pictures and calories and every-
thing. [Male, 49 years]

Can | ask what the purpose was of wanting to see an empty plate or to see what | decided to
leave on the plate? [Female, 59 years]

I’'mglad that | misunderstood [the project goals] so that it energized us [to make our diet
healthier] and now we're off and running. [Female, 59 years]

1 would take the camera out when eating and put it beside my food so it's right there to take
the picture. But somehow after you finish [eating] you just move on. [Male, 55 years]

Calorie counting was off...I figured out even though | was scanning the barcodes...I"d look at
the calorieson my bottlesand | looked at the cal ories on what was scanned and it didn’t match.
[Male, 49 years]

If there was somebody out there checking in on me...and | could get an email saying great job
or here’s something I'd like for you to do...Something like that out there would be a motivator.
[Female, 59 years]

[1t would be helpful if someone provided feedback] every 2 weeks, just to check in because
you'd hate to go for three weeks or a month and be like we are way off track. You know, so
you can make those adjustments as quick as you can. [Female, 59 years]

The helpful hints were very, very helpful. [Female, 62 years]

| think maybe when you' re dealing with computers and people who may be 65, 70, and above
you may want to give more instructions on the use of computers. [Male, 69 years]

| adjusted our diet, bought things that were healthy.. fixed things different, presented them
differently so that the representation of us would be one that | would be okay with everyone
knowing. [Female, 59 years]

| gave you something [pictures] | thought you might want. [Female, 59 years]

My Fitness Pal has also added other devicesthat it syncswith, other appsit syncswith. [Female,
43 years]

The one feature that | really like about the Nike trainer isthat you get your data...You can see
everything instantly on the screen so if | want to shareit or track it | have it there instantly
when | finish. [Female, 43 years)

Acceptability

addition, some communicated their interest in sharing their
dietary record information across socia media platforms,

The acceptability in feasibility studies can be defined as the
extent to which anew measureis judged as suitable, satisfying,
or attractive to program recipients [38], and can be evaluated
by examining participants  satisfaction, perceived
appropriateness, and intent to continue use, among other
outcomes of interest. Several participants conveyed an interest
in receiving feedback regarding the quality of their dietary
intake, including tipsfor modifications and behavioral changes,
indicating a potential interest in continuing the use of DFR. In
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suggesting the app would be improved with the addition of a
connection to email or other sharing platforms. Overal, the
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app, recording accurate data, sharing content, receiving
feedback, and self-monitoring their behavior and indicated
satisfaction with the tool.
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iPod or Dietary App

Partici pants acknowledged the extratime burden of completing
the food record. One participant stated that “it would be a
challenge” to complete the log during the work week. Another
acknowledged that retirement had provided them with surplus
leisure time, so he had “no problem” photodocumenting his
dietary intake.

Feedback on the composition of their diets was a popular
suggestion from participants; however, suggestions for the
delivery of this feedback varied. One participant stated she
would like real-time, immediate feedback from experts by email
with suggestionsfor diet alterations, whereas another suggested
an in-person check-in every couple of weeks, “because you'd
hate to go for 3 weeks or a month and be like we are way off
track...” [Female, 59 years]. Other suggestionsfor improvement
included ideas to increase the depth of data from the records,
such as requesting information on food preparation.

Issues associated with recording intake were categorized into
two main categories: issueswith theiPod or app and issueswith
consistent photodocumentation. Diligent recorders noticed
instances when the number of calories on the nutritional 1abel
of a product was incongruent with the number of calories
recorded in FitNinja when using the barcode scanner. One
participant highlighted that he often had to adjust the serving
size from the default serving size after scanning a food item,
and this helped to eliminate this discrepancy. In addition, also
it was noted that recording was not feasible if Wi-Fi was not
available for participants. Furthermore, frustrations were
expressed toward the iPod and malfunctions related to the
device.

Participants shared their issues with the photodocumentation
part of the record, particularly emphasizing the difficulty in
remembering to take the “after” picture. One participant said
he would place the cameraright next to hismeal asareminder
to take the “after” picture, but also said that, “somehow after
you finish, you just move on.” Another had arationale for her
behavior, stating, “I didn’t always take the after picture. | tried
to. Figured since I’ m eating everything anyways...” [Female,
59 years]. One of the 2 participants who failed to record any
dietary data stated that she failed to record anything because
shedisliked having to carry two devices (eg, her phone and the
iPod for the study); the other participant stated that he did not
have adequate time to document his diet.

Severa participants shared thoughts about the app that reflected
uncertainty in the goals of the study and the purpose of the
photodocumentation. One participant stated explicitly that she
misunderstood the study goals but was glad she did because it
was motivation to improve her and her partner’sdiet. Likewise,
several other participants echoed this sentiment, agreeing that
they interpreted the study as being a behavioral intervention.

Support and Training

Two participantsin this study shared their frustrations with the
technological literacy level necessary to effectively utilize the
FitNinja program and the iPod device. Citing their ages, they
suggested increased training on more basic functions of device
operation, aswell asadditional training with the app. Favorable
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comments were made regarding the “ helpful hints” provided to
participants.

Hawthorne Effect

The Hawthorne effect refersto theimpact of the evaluation and
monitoring without intervention on research participants
behavior [39,40]. Many participants were acutely aware of the
effect of photodocumentation of their diets on their actual
behaviors. Participants shared their nutritional improvements
with pride and were highly satisfied with this positive effect of
DFR onthe quality of their diet. Notably, however, 1 participant
stated that she would document more of her preparticipation
diet, “if | know that there is somebody there to help me adjust.”

Device Comparisons

Several focus group participants described the experience using
different apps, devices, and programs for self-monitoring their
dietary intakes and provided unsolicited comparisons across
these devices. They primarily drew attention to features of other
technol ogiesthat the FitNinjalacked, such as sharing or syncing
abilities with other programs and devices (eg, sharing to social
media or connecting with a physical activity tracker).

Discussion

Principal Findings

Using a mixed-methods approach, this study examined the
usability of DFRs among resource-limited communities in
Washington, DC, USA. The participation rates were fair; 15 of
the 17 total participants recorded at least one meal over the
study period, but only 18% (3/17) were totally compliant with
instructions to record “ before” and “after” photos for all meals
for 3 consecutive days. We identified themes through thematic
analysis of the focus group transcript related to the feasibility
and acceptability, issuesin recording, and support and training
experiences. The higher likelihood of capturing only the
“before” picture of a mea was acknowledged among
participants in the focus group. Overal, participants were
accepting our photodocumentation tool, as demonstrated by
their expressed satisfaction, interest in continued use of thetool,
and perceived appropriateness of the measure [38], as well as
enthusiastically contributed suggestions for improvements in
the DFR app.

Benefits of Digital Food Record

The benefits of digital recording of dietary intakewith inclusion
of photography of meals have been well demonstrated across
clinica and lab settings [19-21], and its value as a valid
assessment tool has been shown previously [24-26]. This pilot
study demonstratesthat those benefits extend to the use of DFRs
in resource-limited community settings. Photodocumentation
creates a unique opportunity for researchersto capture patterns
of eating, support or enrich textua food records, examine portion
Sizes, decrease participant burden [19], and potentially improve
the validity of dietary assessments [18,19]. The overall
acceptability and enthusiasm toward DFR expressed by
participants in the focus group demonstrates its potential for
use among this population and is similar to previous findings
where participants tended to express satisfaction with DFRs
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[19,26,29]. Photodocumentation is less intensive and
burdensome than completing 24-hour dietary recalls or
completing daily diet diaries [26] and can be particularly
accessible for those with lower levels of literacy [17-19].

Our DFR tool collected data in real-time, providing an
opportunity to provide real-time feedback to community
members. Participants in the focus group were open and eager
to receive feedback regarding their diets.. Previous work has
examined the effect of daily feedback messages on changesin
diet among obese adults, finding favorable effects [41]. While
many participants expressed interest in receiving feedback, the
preferred delivery method (eg, in-person vs electronically) and
preferred time frame (eg, real-time vs twice a month) varied
across participants. Interventions with DFRs might consider
designing feedback options that can be tailored according to
participants' preferences or determining which method and
dosage areoptimal for the behavioral change. Overall, thisstudy
suggeststhat thistool would be awell-accepted delivery method
for dietary interventions among community populations.

Barrierstothe Use of Digital Food Recordsin
Community Settings

As far as can be determined, this feasibility pilot study is the
first to use qualitative datato identify barriersto the use of DFRs
within a community setting. One prominent theme within the
qualitative data was technology literacy and prior device
knowledge. While participants were trained to use the app, they
likely began the study with varying levels of experience with
technology. Of note, 2 participants cited their age stating that
they had difficulty in using the technology, and 1 mentioned he
had his daughter demonstrate how to operate some features of
the device and app. It may be useful for future studies using
DFRs to measure eHealth literacy [42] and include advanced
training sessions for those participants who might have lower
technology literacy or request additional training.

Participants expressed difficulty in remembering to take “ before”
and “after” meal pictures, particularly with taking “after” meal
pictures. The willingness of participants to devise strategiesto
improve their documentation and the photodocumentation rates
of “after” meal photos suggests that participants might benefit
from a tailored system of before or after meal reminders.
Previous studies have addressed this barrier by sending either
standard or customized EMA prompts to participants’ mobile
phones reminding them to photodocument [24] or by eliminating
the burden of photodocumentation with wearable, automated
cameras [15,43]. However, more research is warranted to
completely understand issues involved with wearable cameras
for capturing thefood intake, especially in community settings.
Another potential strategy to improve photodocumentation rates
would involve greater articulation of study goalsby theresearch
team during participant training. Some participants expressed
uncertainty about the purpose of the photodocumentation part
of the food record. It is possible that the utility of photos was
underemphasized, thereby resulting in less documentation. It
is also possible that the participants might not have taken the
after picture becausethey did not understand the point of taking
a picture of an empty plate. In this case, the inclusion of a
checkbox that can be used to indicate that the entire meal was
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consumed could be beneficial for both participants and
researchers.

Thispilot study revealed that the quality of images captured by
participants could be improved. It might be necessary to
introduce photo quality control methods to the app, such as
those proposed by the Remote Food Photography Method [24],
whereby computer software surveysimage datato detect missing
or poor quality imagery and sends tailored prompts to
participantsto improve the overall dataquality. In addition, the
software could require participants to retake the poor quality
photograph to enable all contents to be distinguishable, and
food recognition software could identify and estimate the energy
and nutrient content of any other detected food items in the
image [44].

In addition, participants might have changed their eating
behavior merely because of participating in this study and
monitoring and recording their food intake, as described by the
Hawthorne effect. Diet self-monitoring is a common
theoretically based behavioral change strategy [45], and areview
of self-monitoring in weight loss research found consistent
positive effects of adherence to diet self-monitoring [46],
particularly when using mobile technology [40]. Hawthorne
effects might not have been all positive in this study. For
example, the purposeful omission of certain meals, snacks, or
drinks that are associated with socially undesirable outcomes
is possible. This is, however, a weakness of all self-reported
dietary measures. Although Hawthorne effects could have
contributed to errors in reporting or changes in the eating
behavior of participants, they do not affect the conclusions of
this study. A rigorous study design will prevent Hawthorne
effects from weakening tests of intervention efficacy and
effectiveness with future use of DFRs. In fact, the
self-monitoring aspect of recording data in real-time inherent
in DFRs enhances their value in intervention research by
allowing them to serve as both an assessment tool and a
behavioral change strategy [47].

Limitations

Participation in DFR was extremely variable. Indeed, the data
collected show that 2 participantsfailed to take any photographs
over the study period. While this could be from participants
nonresponse, it could also be a result of technological issues
(eg, participants had issueswith the device). However, gathering
qualitative data alowed us to examine rich accounts of
participants experienceswith DFR and to hypothesize strategies
to decrease participants’ nonresponse. In addition, this study
allowed usto examine participation rates outside of alaboratory
setting in the participants’ natural environments, where life
pressures can detract from consistent recording. Furthermore,
this study is limited by its inclusion of one focus group, and
future studies should include multiple focus groups.

This study did not examine the validity of the food records.
Future studies should involve larger sample sizes and test the
psychometric properties of DFRsto examinethereliability and
validity of these dietary assessment methods within CBPR, as
well as compare DFRs to a standard measure of dietary intake,
such asa24-hour diet recall [48] or objectively measured energy
expenditure (doubly labeled water) [12,14,20]. Furthermore,
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conclusions regarding the longer-term use of DFR cannot be
drawn. Futurework should use alonger study period to examine
engagement, adherence, attrition, and retention.

Finally, the FitNinja app was available for participants to use
and log their food intake over Wi-Fi. Notably, data collection
is not feasible in Wi-Fi-limited regions. Reliance on Wi-Fi for
documentation may, therefore, not beideal in some populations.

Conclusions and Recommendations

To the best of our knowledge, this study is one of the first to
demonstrate the feasibility and acceptability of DFRs in a
faith-based community setting. The participation rates were
fair, leaving room for improvement. This study identified many
barriersto the use of digital food tracking tools (eg, inconsi stent
use and indi stinguishable pictures), providing opportunities for
future research to address these barriers. For instance, it might
be useful for future studies to develop, implement, and test the
efficacy of techniques to increase the adherence to DFR
instructions, such as implementing a tailored system of
reminderstoincrease before or after meal photodocumentation.
In addition, future work could aim to decrease ambiguity and
increase motivation or participation by improving the
communication of project goalsand the utility of digital records.
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To address technological and app literacy issues, follow-up
studies using DFR might wish to provide several community
participants with additional, extensive training and designate
these “super-users’ as expert resources within the community
who can provide assistance to other usersif issues or questions
arise.. Furthermore, future interventions could use our DFR to
deliver timely feedback to individuals about their diet. Finally,
higher consideration should be given to identifying potential
barriers to the use of digital food tracking apps across diverse
populations, particularly if these tools are to be suggested for
useininterventionsor clinical settingsto promoteimprovement
indiet.
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assessment methods and to address barriers to their use. Until
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novel technologies among at-risk and vulnerable populations,
where interventions are most vital. Increasing the knowledge
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Abstract

Background: Prevention of mother-to-child HIV transmission (PMTCT) relies on long-term adherence to antiretroviral therapy
(ART). Mobile health approaches, such astext messaging (short message service, SMS), may improve adherencein someclinical
contexts, but it is unclear what SM S content is desired to improve PMTCT-ART adherence.

Objective:  We aimed to explore the SMS content preferences related to engagement in PMTCT care among women, male
partners, and health care workers. The message content was used to inform an ongoing randomized trial to enhancethe PMTCT-ART
adherence.

Methods: We conducted 10 focus group discussions with 87 HIV-infected pregnant or postpartum women and semistructured
individual interviews with 15 male partners of HIV-infected women and 30 health care workers from HIV and maternal child
health clinicsin Kenya. All interviews were recorded, trandated, and transcribed. We analyzed transcripts using deductive and
inductive approaches to characterize women'’s, partners’, and health care workers' perceptions of text message content.

Results: All women and male partners, and most health care workers viewed text messages as a useful strategy to improve
engagement in PMTCT care. Women desired messages spanning 3 distinct content domains: (1) educational messageson PMTCT
and maternal child health, (2) reminder messages regarding clinic visits and adherence, and (3) encouraging messagesthat provide
emotional support. While all groups valued reminder and educational messages, women highlighted emotional support more than
the other groups (partners or health care workers). In addition, women felt that encouraging messages would assist with acceptance
of their HIV status, support disclosure, improve patient-provider relationship, and provide support for HIV-related challenges.
All 3 groups valued not only messages to support PMTCT or HIV care but also messages that addressed general maternal child
health topics, stressing that both HIV- and maternal child health—related messages should be part of an SM S system for PMTCT.
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Conclusions:  Women, male partners, and health care workers endorsed SM S text messaging as a strategy to improve PMTCT
and maternal child health outcomes. Our results highlight the specific ways in which text messaging can encourage and support
HIV-infected women in PMTCT to remain in care, adhere to trestment, and care for themselves and their children.

Trial Registration: ClinicaTrials.gov NCT02400671; https://clinicaltrials.gov/ct2/show/NCT02400671 (Archived by WebCite

at http://lwww.webcitation.org/70W7SVIV J)

(JMIR Mhealth Uhealth 2018;6(7):€10671) doi:10.2196/10671

KEYWORDS

HIV; ART; PMTCT,; SMS text messaging; adherence; retention

Introduction

Globally, over 90% of pediatric HIV infections are attributed
to mother-to-child HIV transmission (MTCT), with 160,000
children newly infected with HIV in 2016 [1]. Lifelong
antiretroviral therapy (ART; known as Option B+) is
recommended for prevention of MTCT (PMTCT), but it depends
on consistent retention in care and adherence to ART during
pregnancy, postpartum, and beyond. Waning ART adherence
and poor retentionin care, particularly postpartum after therisk
of MTCT diminishes, hinder the effectiveness of Option B+
[2-4]. Barriers to ART adherence in Option B+ stem from an
interplay of sociocultural and structural factors [5-7]. Thus,
identifying and addressing these barriersisimportant to improve
PMTCT.

There is evidence from some randomized controlled trias
(RCTs) and meta-analyses that short message service (SMS)
text messages sent to individuals on ART may improve
retention, adherence, and viral suppression in nonpregnant adults
[8-10]. These findings, combined with the growing ubiquity
and low cost of mobile phone technology in regions most
affected by HIV, have led the World Health Organization to
include SM S text message reminders as a recommendation for
promoting adherenceto ART as part of a package of adherence
interventions [11].

Thereislimited understanding of the message content desired
by text message reci pients, or the mechanism by which messages
may impact ART adherence, especidly in the context of
pregnancy and the postpartum period. While the design of text
messaging interventions for ART adherence for PMTCT may
draw on lessons learned from studies in other HIV-infected
populations, the unique context of pregnancy and postpartum
may influence ART adherence, and text messaging may need
to be adapted accordingly. Few previous studies have explored
the desired text message content to support women's uptake of
PMTCT services [12-15]. These studies reported a desire for
polite, encouraging SM Stext messagesthat provideinformation
and reminders to take ART, attend postnatal visits, and engage
partners. While health care workers (HCWSs) and male partners
are have been shown to play important roles in influencing
peripartum women's health behaviors and health care utilization
[16-19], only two studies, to date, have included these
stakeholder groups in evaluating the acceptability and desired
content of text messages [12,15].

In this study, we examined the preferred SMS text message
content and perceived text message function to support Option

http://mhealth.jmir.org/2018/7/e10671/

B+ PMTCT. Weincorporated the perspectives of HIV-infected
pregnhant and postpartum women, male partners and HCWs.

Methods

Study Design and Population

We conducted a qualitative study to inform the text message
content for the Maobile WACh-X study (NCT02400671), a
triple-arm, placebo-controlled, unblinded RCT designed to
assess the impact of unidirectional and bidirectional SMS text
messaging on maternal adherence, retention, and clinical
outcomes in PMTCT-ART programs in Kenya [20]. Using
purposive sampling, we recruited women, male partners, and
HCWsfrom three sites; two in rural Western Kenyaand onein
periurban Nairobi. Focus group discussions (FGDs) were
conducted with HIV-infected pregnant women seeking antenatal
care (ANC) services or HIV-infected postpartum women who
had an uninfected child aged <2 years. Women were purposively
recruited during routine visits to ANC clinics, comprehensive
HIV care clinics, and maternal child health (MCH) clinics. To
provide a range of experiences and perspectives, we selected
pregnant and postpartum women based on the following
experiences with ART: using ART in the peripartum period
only; using ART within and outside of the peripartum period;
and no ART experience. Women were eligible to participate if
they were aged >14 years, were HIV-infected and pregnant or
postpartum, had daily access to a mobile phone, and were
willing to receive SM S text messages.

We conducted semistructured individual interviews with male
partners and HCWs. Both HIV-infected and -uninfected male
partners were recruited for participation. We recruited
HIV-infected men in concordant relationships during their
routine HIV clinic visits. In addition, HI'V-uninfected men were
referred to the study by HIV-infected femal e partners attending
MCH clinics, female partnerswere given areferral forminviting
male partnersto the clinic to learn more about the study. Eligible
men were aged >18 years and had an HIV-infected female
partner who was pregnant or had a child aged <2 years and was
accessing ANC or MCH services. We purposively recruited
providers aged >18 years from ANC and MCH clinics where
they worked. Men were €ligible to participate if they were
directly involved in caring for HIV-infected pregnant women
or HIV-exposed infants. Overall, 87 women participated in 10
FGDs (6-10 women per FGD); 15 men and 30 HCWs
participated in semistructured individual interviews.
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Data Collection

We conducted two rounds of data collection between January
and June 2015. In thefirst round, 6 FGDs were conducted with
HIV-infected women, 15 individual interviewswere conducted
with male partners, and 30 individual interviewswere conducted
with HCWs. The objectives of thefirst round of data collection
wereto explore general opinions about health-related SM Stext
messages, determine comprehension and acceptability of
predeveloped text messages, and elicit ideas for additional
messaging themes in order to refine the message content. A
second round of 4 FGDs elicited women's feedback on the
refined message content.

Both FGDs and interviews were conducted using a
semistructured discussion guide including open-ended questions
exploring three main topic areas. (1) challenges and resources
for attending a clinic and adhering to ART, (2) perspectives on
using SMS text messaging to support adherence, and (3)
perceptions of specific message content to guide message
refinement. We asked participants to provide feedback on
messagesin four content areas. general support, breastfeeding,
family planning, and ART adherence. All messages shared a
common format: they opened with a greeting to the recipient
from anurse (“[Name], thisis [nurse name] at [clinic name]”),
followed by a message addressing one of the content areas
(Supplementary Material 1) [20]. Interviews and FGDs were
conducted by a trained Kenyan social scientist who was not
involved in providing clinical care for participants. Pilot
messages were read aoud by the discussion facilitator, and
participants were probed for additional message content they
would like to receive, beyond what was included in initial pilot
messages. Sociodemographic information for al participants
was collected via atabl et-based questionnaire using Open Data
Kit. Interviews and FGDswere conducted in English, Kiswahili,
and Dholuo, depending on participants preference. FGDs
ranged from 90 to 130 minutesin length, and interviews ranged
from 19 to 49 minutes. All interviews and FGDs were
audiorecorded, transcribed, and trandated into English, if
necessary, by the interviewer, who was fluent in al three
languages.

Ethical Considerations

This study was reviewed and approved by the University of
Washington Ingtitutional Review Board and Kenyatta National
Hospital and University of Nairobi Ethics and Research
Committee. All study participants provided written informed
consent.

Statistical Analysis

We performed a descriptive content analysis to identify key
concepts emerging between and across groups of women, male
partners, and HCWSs. Dedoose software (version 7.6.6,
Sociocultural Research Consultants LLC, Los Angeles, CA)
was used for datamanagement and analysis. Aninitial codebook
was deductively and inductively generated by JF, KBS, and KR
after reviewing the literature and reading a subset of FGD and
interview transcripts. Next, the codebook was refined iteratively
by reviewing additional transcripts and revising initial codes.
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We used the final codebook to perform consensus coding and
facilitate discussion until reaching an agreement on the code
application. All transcripts were coded independently by one
team member (JF, KBS, or KR) and reviewed by another team
member. All disagreements in code application were resolved
through group discussion with all three coders. The analytic
framework focused on challenges living with HIV, current
resources or strategies used to engagein HIV care, preferences
and perceived utility of the specific SM S text message content,
and benefits or challenges to using SMS text messaging to
engage in care. Furthermore, we identified themes related to
the analytic framework categories and combined them into a
conceptual diagram.

Results

Participant Characteristics

Demographic characteristics of women, male partners, and
HCWs are summarized in Table 1. Femal e participants (N=87)
were young (median age, 26 years), most (64/87, 74%) had
completed at least primary education, and about one-third
(30/87, 34.5%) were pregnant. The majority (60/87, 69%) had
experience with ART during and outside of the peripartum
period, and alittle over half (48/87, 55%) were Dholuo speakers.
Male participants (N=15) were older than female participants
(median age, 37 years) and had similar levels of education
(12/15, 80%, had completed at least primary education); most
(12/15, 80%) were HIV-infected and had experience with ART.
The median age of HCWswas 36 years, and they had amedian
experience of 6 years in their current profession. Providers
included clinicdl officers (n=7), nurses (n=13), counsdlors (n=6),
apeer counselor (n=1), and others (n=3).

SM S Text Messaging is Acceptable but Design
Requirements and Challenges Exist

Overall, participants in al stakeholder groups (women, mae
partners, and HCWs) were supportive of using SMS text
messages to overcome HIV-related chalenges. Women
generally found SM S text messaging acceptable and discussed
its many potential benefits, including enabling remote
connection to HCWs and providing anonymity that facilitates
open communi cation about sensitive or potentially embarrassing
topics.

It is ead[ier] to share information about shameful
diseases by SMSthan telling the doctor face-to-face.
For instance, when | have a wound in my private
parts...I can send him a message and he gives me a
response immediately to use a particular medicine.
[Postpartum woman]

[The SMS messages] keep records of treatment and
conversations for future reference for the patients,
and also helps you to identify your patients
individually and that creates a bond between you and
your patients; they feel that you have them at heart,
and then they feel that you are concerned about their
health. [Clinical officer, 4 yearsin profession]
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Table 1. Focus group and interview participant characteristics.

Participant characteristics Value

Female FGD? participants (N=87)
Age (years), median (IQR?) 26 (23-32)
Pregnant (vs postpartum), n (%) 30(35)

ARTC experience, n (%)

Peripartum only 19 (22)
Peripartum and nonperipartum 60 (69)
None 8(9)

Education, n (%)

Less than primary 23 (26)
Primary completed 43 (49)
Secondary completed 18 (21)
Above secondary 33

Language, n (%)
Dholuo 48 (55)
Kiswahili 39 (45)
Maleinterview participants (N=15)
Age (years), median (IQR) 37 (32-44)

Education, n (%)

Less than primary 3(20)
Primary completed 8 (53)
Secondary completed 2(13)
Above secondary 2(13)
HIV-infected, n (%) 12 (80)
ART experienced, n (%) 12 (80)
Provider interview participants (N=30)
Age (years), median (IQR) 35.5(31.0-44.0)
Yearsin profession, median (IQR) 6 (4.0-15.5)

Profession, n (%)

Clinical officer 7(23)
MCHY nurse 6 (20)
Other nurse 5(17)
Family planning nurse 2(7)

Counselor 6 (20)
Peer counselor 1(3)

Other 3(10)

3FGD: focus group discussion.
bIQR: interquartile range.
CART: antiretroviral therapy.
dMCH: maternal child health.
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Figure 1. Summary of themes discussed in focus group discussions and interviews. PMTCT: prevention of mother-to-child HIV transmission. SMS:

short message service.
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However, afew providers expressed concerns about the ability
to reach patients using SM S text messaging, specifically noting
inability to confirm message receipt and challenges related to
requirements for patients to have a phone, be literate, and have
access to electricity.

| don’'t know whether the SMS can work, but maybe
a phone call [isbetter] so that you are very sure that
the message has reached the client...comparing the
two, | prefer the phone call. However, automated
messages has worked in several occasions, in other
fields, but what | am saying that it depends on the
people or rather the region you are dealing with. If
they have phone and [are] staying in a powered
house, it iswell and good, but in villages that may be
a setback. [Nurse, 8 yearsin profession]

While many participants were supportive of delivering health
education on HIV care, several women and HCW's expressed
concerns about SMS text message privacy and risks of HIV
status disclosure if messages were read by people other than
the intended recipient. All 3 stakeholder groups commented
that the risk of inadvertent disclosure by other individuals
reading SMS text messages should be minimized and the
phrasing of HIV-related health education should be tailored
based on the recipients’ disclosure status and desires. These
concerns are discussed in detail in another publication [21].

Figure 1 summarizestopic areasincluded in theinterview guides
and related themes that emerged during FGDs and interviews.
The figure shows the challenges that participants identified for
women receiving PMTCT care, potentia rolesfor text messages
to address these challenges, and possible pathways through
which text messaging may impact clinica outcomes.
Discussions on the desired text message content highlighted
three types of messages with different perceived functions: (1)
reminders for medication and clinic attendance; (2) health
education messages; and (3) encouragement to remain in care,
seek support, and live positively.

SM S Text Messages May Serve as Adherence
Reminders During the Stressful Peripartum Period
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Women identified forgetting to take medication or attend clinic
asamajor challengein ART adherence and believed that SMS
text message reminders could hel p overcomethisobstacle. They
attributed forgetfulness to various stressors, including some
stressors unique to or heightened during pregnancy or
postpartum, such as caring for newborns.

There are..those who take...medicine, but
considering how busy they are, she is the
breadwinner, so sometimes sheis occupied until time
passes. She forgets, so when you send her a message
she will remember “tomorrow | am to go to the
hospital” Like here...some of us go to work on the
rice farms, others to the farm, others casual labor,
maybe that iswhat she depends on because sheisthe
mother and the father. So when she receives a
message, it will alert her. [Postpartum woman]

Women aso described negative interactions with HCWSs,
including feeling stigmatized and being treated harshly, if they
missed appointments or delayed seeking HIV care. Women and
providers suggested that text message reminders to attend
scheduled appointments could help prevent conflict with
providers.

| think that SMS is better than the card that we are
given because sometimes you leave out the card
somewhere and you forget and by the time you
remember it has passed by one day, and if you are
reminded you will be quarreled [with] at the hospital,
yet it is just forgetfulness that makes you to default.
[Postpartum woman]

Providers concurred with the sentiments expressed by women,
noting that text messages could reduce missed visits due to
forgetfulness and ensure timely follow-up for women.

I think for SMS...it's good for them because some
they tend to forget, others...they say | didn't know
when to attend the clinic, [it's] when | have seen my
bottleis empty, or | have seen my child...is 10 months
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already (you know at 9 months that is the time when

you have to bring the child for [HIV] antibody

[testing])...So when the SMS is there, the services

will be at the right time and evaluation will be done

early. [Nurse, 4 yearsin profession]
Both women and their partners noted that male partners had an
important role in reminding women to take medication and
attend clinic if women disclosed their status to them. Indeed,
mal e partnersthought that text messages could complement the
role they played in reminding their partners, especially when
they could not be physically present.

Just like sometimes someone may forget, so you send
a message to alert her that on a particular day she
should be going to the clinic. So that would help her,
it would also help me because | may not be at home
to remind her that she should go for medicine or to
the clinic. [HIV-infected male partner]

SM S Text Messaging May Provide Health Education

About PMTCT-ART, Information on Clinical Status,

Answersto Questions, and May Catalyze Discussions
With Others

Women expressed adesire for educational messagesto fill gaps
intheir knowledge and understanding about HIV care, including
obtaining information about common ART side effects, modes
of MTCT, and effective PMTCT strategies. Women believed
that educational SM S text messages could inform them about
PMTCT and the ability to have healthy, HIV-uninfected babies
even if they are HIV-infected and that improved knowledge
would increase motivation to engage in care throughout
pregnancy and breastfeeding.

What | would like to know, | thought that if you are
sick then you cannot give birth to a healthy baby, but
| hear that if you are on HIV care and treatment, then
you can give hirth to a healthy baby who is HIV
negative. [Postpartum woman)]

Women frequently stated that they wanted to receive SM S text
message advice on how to discuss HIV and ART with partners.
Some women believed that SMS text messages containing
credible information could be shared with their partners and
served as a catalyst to engage in conversation.

| can say that [SMY can help. My husband has
refused to accept [being tested], but he helps me
financially when | have hospital appointments. So |
think that the SMS can help: if | give himto read he
can be encouraged and he may decide to come out
and know his status. [Postpartum woman]

Additionally, several participants viewed SMS text messages
as aplatform to receive updates on their viral load, CD4 count,
and treatment status. Delivery of test results through SM S text
messages was seen as away to remove physical barriersto the
clinic and prevent delay in information that women could use
to make personal health choicesin real time.

Sometimes | go to do CD4 test, and | will get the
result later...so | can ask by SMS before my clinic
date and get the results, so when the time for clinic
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reaches if the doctors asks me if | know my CD4
results | will say that it [ig] like this and this.
[Postpartum woman]

Both male partnersand HCWsfound it acceptable and beneficial
to deliver educational content to women via SMS and
highlighted theimportance of delivering thisinformation quickly
and efficiently since traveling to a clinic for basic health
information was often burdensome. Some participants suggested
that using SM Stext messages to address minor health questions
could enable triaging and avert unnecessary clinic visits.

[SMY is good, it is one-on-one. If you have any
problems [the provider] can help you, you can ask
guestions, and you just handle it then when you are
at home without going to the hospital. It might be
small issues like rashes you handle and need not go
to the hospital. [HIV-uninfected male partner]

Similarly, HCWs commented that delivering educational
information via SMS text messages would be beneficial not
only to women but also to themselves, as it would ease their
workload.

To me, | think...use of SIS it will be good. It will be
good [be] cause sometimes...mothers come to flock
here, [ be] cause of even minor illnessesthat you could
have just given advice...S0 in order to decongest
MCH, such minor cases maybe if we can use SMS it
will be of a great [help] to us... [Nurse, 20 yearsin
profession]

SM S Text Messages May Provide General
Encouragement to | mprove Self-Acceptance and
Combat Stigma, Which, in Turn, Could Motivate ART
Adherence

Many women thought that text messages could provide
encouragement and motivation to help engage in HIV care,
adhere to ART, and accept their status. Although women
reported that encouraging text messaging would help them
engage in HIV care, they did not fed this required language
directly addressing HIV-related topics. Rather, many women
expressed desire for text messages providing encouragement to
live a healthy and positive life while pregnant or postpartum,
to stay strong and have a positive outlook on life for themselves
and their children, and to not lose hope. Women frequently
mentioned that they would feel happy and encouraged if they
received an SMS text message from their provider, even if it
was simply to ask about potential challengesthey may befacing
(related or unrelated to their HIV care). In addition, many
women commented on the potential of text messagesto provide
a sense of connection and acceptance from the sender during
times of hopelessness or isolation, highlighting that this
connection would lift their morale and improve their ability to
engagein HIV care.

If you receive the message...you will not feel lonely,
you will know that thereis someonewho is concerned
about you and that despite being HIV positive you
are not alone. [Postpartum woman]

Indeed, some participants indicated that their sense of feeling
cared for grew out of the knowledge that the sender had invested
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time to send atext message, rather than the use of encouraging
language per se in the message.

[SMS] will help to encourage me that someone was
concerned about me by taking their time to send the
messages. It costsyou, and | get help. So, | think that
it helps to encourage knowing that someone
somewhere is concerned and has accepted me.
[Pregnant woman]

Similarly, some male partnersindicated that text messages could
encourage and support women struggling with status acceptance
and help them identify other sources of support.

The messages...should be sent to let [ people] know
that they are not alone. So many people are
undergoing what they are going through so they are
not left alone, and there are people who are always
there to assist them...[§o they should accept the
situation and try as much as they can to maybe look
for peoplewho...can betherefor them. [HIV-infected
mal e partner]

HCWs placed a stronger emphasis on using text messages to
provide reminders and health education than on their use for
emotional support. However, some providers noted that text
messages had the potential to serve asan encouragement system,
working beyond “tracing defaulters”

| think [SMSY will be really good for the newly
diagnosed mothers to give them that psychosocial
support that they lack. Because we usually see them
after 2 weeks—you know [in] 2 weeksthereisso much
that can happen—so that by the time she is coming
back after 2 weeks, she is really happy. [Nurse, 25
yearsin profession]

General MCH SM S Text M essage Content Was Felt
to Be Useful in Addition to PMTCT Content

Although discussions with all participants were framed as
addressing experiences of HIV-infected women with PMTCT,
women, men, and HCW repeatedly expressed a desire for text
messagesto support general MCH carein addition to supporting
HIV care. The topics requested included breastfeeding
instructions, challengesto exclusive breastfeeding, and maternal
nutrition. Functionally, the MCH-related messages that
participants suggested were mostly educationa rather than
reminders or supportive messages.

[Please include messages] about nutrition during
pregnancy: what a woman can eat so that at the time
of birth she has enough strength to deliver and enough
milk to breastfeed the baby. [ Pregnant woman)]

How can we help a baby who is not feeding? Because
you cannot tell it to breastfeed, yet when you give it
breastmilk it does not suckle, yet thisfirst milk iswhat
it must take, so the doctor should help us with that
because we don’'t know. [HIV-infected male partner]
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Discussion

Principal Results

In this study, HIV-infected women, male partners, and HCWs
in Kenya endorsed SMS text messaging as a way to optimize
retention and adherenceto PMTCT-ART. Participants proposed
the following three text message content areas that could serve
complementary  functions: reminders, education, and
encouragement. In addition, all participants endorsed text
messages as a useful mechanism for reminding women to take
medication and return for clinic visits. Text message reminders
werereported to be particularly useful in the peripartum period,
when the stresses of delivery and newborn care increase
forgetfulness. Additionally, women and HCWs indicated that
difficult interactions following missed visits could be avoided
with reminder text messages. Health education was al so val ued,
including reinforcement of the importance of ART to prevent
infant HIV and the likelihood of success in having a healthy
baby. Women desired timely access to their clinical data and
to interactive messaging to ask questions without the need for
an in-person clinic visit or embarrassing face-to-face
conversation. Additionally, text messaging was viewed as a
promising intervention to engage and inform partners, if
disclosed, to leverage their influence on materna ART
adherence [18,19,22]. Text messaging was also viewed as an
important enabler of emotional support and encouragement.
Women perceived text messages as providing aconnection with
HCWs and validating that they were worthy of care, which
improved their mental health, helped them overcome
internalized stigma, and increased their motivation to adhere to
treatment. Importantly, in addition to HIV-related topics,
women, partners, and HCWs were interested in SMS text
messages that supported women’s general MCH care, for
example, breastfeeding, maternal nutrition, and facility delivery.

Comparison With Prior Work

Previous qualitative studies have explored the acceptability and
content preferences of SMS text messaging interventions to
improve ART adherencein the genera HIV-infected population,
reporting desired content prior to text messaging interventions
[23,24], or postintervention perspectives [25]. Four studies
focused on text message content preferencesto support PMTCT
[12-15]. Of these, two were conducted in Kenyaprior to roll-out
of Option B+ PMTCT, when PMTCT involved short-term
antiretroviral regimens during the period of highest risk of
MTCT [12,13]. One study interviewed postpartum women,
male partners, and HCWs and reported that all were supportive
of SMS text messages as appointment reminders and as
education providers regarding ANC, facility delivery, and
partner engagement [12]. The other study only involved
peripartum women and reported that they desired encouraging,
educational messages about postpartum visit attendance and
infant HIV testing [13]. Our findings were similar to those of
these studiesin that participants desired text messagesregarding
genera MCH topics as well as HIV-related information.
Additionally, we found that women desired text messages for
emotional support in the face of isolation and internalized
stigma. Two studies were conducted after Option B+ roll-out:
one interviewed pregnant women in South Africa[14] and the
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other interviewed women, partners, and HCWsin Kenya [15].
These studies reported a desire for text messages as reminders,
information, and encouragement, but did not identify aneed for
messaging about general MCH topics beyond HIV care. Our
findings are consistent with those of these studies as well and
provide additional insightsregarding the need for encouragement
and messaging related to MCH.

One potential implication of the differences between our
findings and those of previous studies may be that the need and
perceived utility of text messages for emotional support are
greater in the context of long-term ART adherence than in
short-course PMTCT. Indeed, the ability of SM S text messages
to serve a supportive, caring function regardless of the message
content has been suggested by previous studies on SMS text
messaging for long-term adherence support in the general
HIV-infected population. A qualitative evaluation of the
experiences of recipients of real-time adherence monitoring and
SM Stext message reminders showed that recipientsinterpreted
simple reminder messages as a sign of caring from the health
system [25]. Similarly, results from the Wel Tel trial, one of the
first studies to report that an SM'S text messaging intervention
improved ART adherence, suggested that participants viewed
a sense of support and caring as an important function of text
messages [26-28]. These findings are consistent with the
association of depression and low social support with poor ART
adherence reported in some studies [29-31].

PMTCT is HIV care in the context of pregnancy, childbirth,
and postpartum. Many women receiving PMTCT perceivethese
life events as at least asimportant, if not more important, than
their HIV infection. Thus, addressing HIV without
acknowledging concerns about pregnancy, delivery, and infant
health in text messages does not address women’s needs for
holistic care. In this study, women desired text messages on
MCH topics such as breastfeeding, infant health, and maternal
nutrition. It is perhaps unsurprising that women’s experiences
and needs as peripartum women were not fully defined by their
HIV status, but this observation highlights the demand and
untapped potential for SMS-based interventions to provide
comprehensive care to peripartum women. An important
question for future investigation is whether in addressing both
MCH and ART adherence, SM S text messages lose focus and
effectiveness to improve ART adherence.

Fairbanks et d

Strengthsand Limitations

Thisstudy has severa strengthsand limitations. The qualitative
design alowed for in-depth understanding of SM Stext message
perceptions and content preferences among HIV-infected
pregnant and postpartum women. We purposively sampled both
pregnant and postpartum women with a range of ART
experiences to capture a wide array of perspectives.
Additionally, the incluson of HCW and mae partner
perspectives provided complementary insights into how text
messages may improve the delivery of Option B+ and fit into
the broader context of influences on women receiving care.
Study limitations include the possibility that participants felt
uncomfortable discussing personal experiencesif they perceived
these as criticisms of the health carefacility. Thiswas mitigated
by having interviewers who were unrelated to the facility and
conducting interviewsin aprivate room. Furthermore, the study
population was drawn from women engaged in care and may
not be generalizable to women out of care. Similarly, the
recruitment of men by referral from their female partnerslikely
excluded men who were unaware or unsupportive of their
partners’ care; these men may have different views about their
partnersreceiving SMS text messages. Finally, the desired text
messages are not necessarily effective, and it will beimportant
to further examine not only whether text messaging improves
outcomes but al so which text messages are specifically helpful.
Nevertheless, inputs from women, partners, and HCWs are
essential to design messages that address a felt need and have
relevance.

Conclusions

In summary, our findings support the use of SM Stext messaging
to enhance PMTCT and general MCH care. SM Stext messages
may meet women's desires for medication and appointment
reminders, health education, and emotional support and may
complement partners supportive roles and enable efficiencies
in HCWs' care provision. Moreover, our findings shed light on
the unique needs of HIV-infected peripartum women and
indicate that these women desire support for not only HIV and
PMTCT care but also their general health and their children’s
health. In addressing these desires, text messaging approaches
can provide comprehensive PMTCT and MCH support, but
may face challenges in balancing and focusing effective
messaging strategies to improve ART adherence.
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Abstract

Background: Cardiovascular diseases (CVD) are the leading cause of morbidity and mortality worldwide. Early diagnosisis
of pivotal importancefor patientswith cardiac arrhythmias and ischemiato minimize the consequences like strokes and myocardial
infarctions. The chance of capturing signals of arrhythmias or ischemia is substantially high when a 12-lead electrocardiogram
(ECG) can berecorded at the moment when a patient experiencesthe symptoms. However, until now, available diagnostic systems
(Holter monitors and other wearable ECG sensors) have not enabled patients to record areliable 12-lead ECG at home.

Objective: The objective of this project was to develop a user-friendly system that enables persons with cardiac complaints to
record areliable 12-lead ECG at home to improve the diagnostic process and, consequently, reduce the time between the onset
of symptoms and adequate treatment.

Methods: Using an iterative design approach, ECGraph was devel oped. The system consists of an ECG measurement system
and a mobile app, which were developed with the help of several concept tests. To evaluate the design, a prototype of the final
design was built and afinal technical performance test and usability test were executed.

Results: The ECG measurement system consists of a belt and 4 limb straps. Ten wet Ag/AgCI electrodes are placed in the belt
to optimize skin-electrode contact. The product is controlled viaan app on the mobile phone of the user. Once aperson experiences
symptoms, he or she can put on the belt and record ECGs within afew minutes. Short instructions, supported by visualizations,
offer guidance during use. ECGs are sent wirelessly to the caregiver, and the designated expert can quickly interpret the results.
Usahility testswith the final prototype (n=6) showed that the participants were able to put on the product within 8 minutes during
first-time use. However, we expect that the placement of the product can be executed faster when the user becomes more familiar
with the product. Areas of improvement focus mainly on confidence during product use. In the technical performance test, a
12-lead ECG was made and reproduced 6 times.

Conclusions:  We developed a new 12-lead ECG system for home use. The product is expected to be more user-friendly than
current hospital ECG systems and is designed to record more reliable data than current ECG systems for home use, which makes
it suitable for expert interpretation. The system has great potential to beincorporated into an outpatient practice, so that arrhythmias
and ischemia can be diagnosed and treated as early as possible.

(IMIR Mhealth Uhealth 2018;6(7):€10126) doi:10.2196/10126
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Introduction

Background

According to the World Health Organization, cardiovascular
diseases (CVD) were the leading cause of morbidity and
mortality worldwide in 2015 [1]. An estimated 17.7 million
peopledied from CVDsin 2015, representing 32% of all global
deaths. Around 7 million peoplein this group died of ischemic
heart disease. Cardiac ischemiarefers to decreased blood flow
to the heart muscle, resulting in a shortage of oxygen. This can
cause damage to or death of a part of the heart muscle known
asamyocardial infarction.

Acute ischemic heart disease and myocardia infarction are
diagnosed, among others, with the help of a pivotal test: the
registration of an electrocardiogram (ECG). The test is
performed when a patient presents with acute chest pain, after
which the treatment and prognosis can be determined
immediately.

A standard ECG measures the depol arization of cardiac muscle
tissue [2] and consists of 12 leads, recorded from 10 electrodes
that are placed on the skin (Figure 1). The leads gather
information from different sides of the heart. To obtain a
complete and reliable overview of heart activity, al 10
electrodes need to be placed at the prescribed locations shown
inFigure1[3].

Itisestimated that 1.5 millionto 3 million ECGsare performed
worldwide every day, making it one of the most commonly used
cardiovascular diagnostic procedures and afundamental tool in
clinical practice[4,5]. For patientswith ischemia, early diagnosis
is of great importance because cardiac hypoxemia can lead to
irreversible damage to the heart muscle known as myocardial
infarction. In 2015, there were an estimated 7.29 million acute
myocardial infarctions worldwide [6]. Myocardial ischemiais

often indicated by chest pain. However, most of the affected
individuals are unfamiliar or unaware of the typical symptoms.
Consequently, they ignore the symptoms, resulting in adelayed
diagnosis and treatment. Another reason for a delay in
diagnosing myocardial ischemia is the availability of 12-lead
ECG systems, which are limited to hospital settings or
specialized health care facilities. Taken together, these
circumstances often lead to asubstantial delay between the onset
of symptoms and the moment a medical doctor can make a
correct diagnosis, thereby delaying appropriate treatment, which
leads to aworse prognosis.

Apart from assisting in the diagnosis of myocardial ischemia,
a12-lead ECG can help accurately establish cardiac arrhythmias.
Atrid fibrillation is the most common arrhythmia. Globally,
there were an estimated 33.3 million prevalent cases of atrial
fibrillation in 2015 [6]. Untreated atrial fibrillation causes up
to 26% of all strokes [7], which can be prevented in 64% of
patientswith oral antithrombotic prophylactic therapy [8]. This
shows that early diagnosisis of great importance.

Individuals with arrhythmias often have symptoms for a short
period of time. These symptoms often subside when the affected
individual visits the outpatient clinic, thus, severely reducing
the sensitivity of a12-lead ECG for establishing adiagnosis of
transient ischemic heart disease. Therefore, the patients are often
advised to wear a Holter monitor, which continuously records
ECGs, for 24 or 48 hours. However, symptoms often do not
occur during thisrelatively short monitoring period, which can
result in adelayed diagnosis and treatment and can dlicit feelings
of insecurity within the affected individual. The abovementioned
problems underscore the need to perform an ECG as soon as
symptomsarise. Thisaccel erates the diagnostic process, so that
the patient can be treated faster, which will eventually limit the
consequences of the disease.

Figure 1. Placement of the electrodes of the standard 12-lead electrocardiographic system; LA: left arm; LL: left leg; RA: right arm; RL: right leg; V1

to V6: the 6 precordial electrodes.
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Existing Solutions and Their Limitations

With the rising number of CVD patients, the demand for home
monitoring productsthat improve cardiac careisincreasing. At
present, two groups of ECG products are available for home
monitoring.

The first group comprises products that are applied by health
care professionals. This group includes Holter monitors that
record very reliable information and are a key tool for
diagnosing arrhythmias [9]. These systems are too complex to
be used by laymen, and they are uncomfortable to wear. The
sensor wiresrestrict the daily movements and interfere with the
sleep of the wearer, and the el ectrode patches may damage the
skin when removed. Therefore, from auser point of view, these
systems are not ideal.

The second group comprises handheld ECG systems that are
applied and used by patients themselves. These systems are, in
contrast to the Holter systems, very easy to use and understand.
Although these systems can, in some cases, support the
diagnostic process of arrhythmias, they are not suitable for the
detection and diagnosis of ischemiasincetheinformationisnot
as complete and reliable as the recordings of the standard
12-lead systems.

A short overview of the existing handheld ECG systems for
consumer use follows. Note that well-being and fitness
wearables, which measure heart rate, like the Fithit, were not
included in this overview since these are not classified as
medical devices and are not suitable for diagnosing heart
diseases [10,11].

Handheld ECG systems for consumer use generally consist of
a measuring device that is controlled via an app on a mobile
phone. The measuring equi pment can be integrated into apatch
[12] or a belt [13] for measurement on the chest. Alivecor
developed Kardia, which, instead of using electrodes that are
placed on the chest, requires the user to place his or her fingers
onto two sensor pads, so that ECG data can be collected [14].

The aforementioned systems, having just a few leads, record
too little information for diagnosing ischemia. The Smartheart
Pro from SHL Telemedicine [15,16] is a system with multiple
electrodes from which 12 leads are calculated. Electrodes are
placed on astrap, which can betied around the chest. However,
synthesized ECGs from a reduced number of leads can
approximate, but not duplicate, the tracings obtained using the
standard leads [4]. This makes this system less reliable for
ischemia detection compared with the standard 12-lead ECG
systems.

In the past few years, research has been performed to integrate
ECG sensors into textiles. Several 12-lead ECG shirts were
developed for continuous health monitoring [17-19]. In these
products, dry electrodes are integrated into the shirts.
Unfortunately, dry electrodes are less robust and the
signal-to-noise ratio is too low for diagnosing myocardial
ischemia.

Design Gap

To conclude, current ECG solutions for home monitoring are
either easy to use but not reliable enough for diagnosing

http://mhealth.jmir.org/2018/7/€10126/
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arrhythmias and ischemia or they are very reliable but too
complex to be used by laymen. This shows that thereis a need
to design anovel 12-lead ECG device for home use that can be
incorporated into daily medical protocols to speed up the
diagnostic process. This new product-service system should
enable patients themselves to make reliable 12-lead ECGs as
soon as symptoms arise at home. By creating an easy-to-use
product-service system, patients will be empowered to record
essential data for diagnosing arrhythmias and ischemia.

This paper describes the development of a novel 12-lead ECG
system for home use. The new system consists of a physical
product, which includes the measurement system, and aservice,
which givesfeedback during use. In this paper, we have focused
on the embodiment of the physical product. The serviceisbriefly
explained. In addition, we have discussed the results of arecent
technical performance study and a usability study that were
conducted with a prototype of the new product to evaluate the
design.

Methods

Development Process

During the design phase, the design methodology written by
Roozenburg and Eekels[20] provided guidanceto deal with all
potential design problemsin a systematic way. As can be seen
in Figure 2, the process was split into 3 phases. We started the
project with an analysis phase, resulting in adesign vision and
list of criteria. Thisphase wasfollowed by adesign phase where
three concepts were developed and one of them was chosen.
The chosen concept was developed further and designed in
detail. In the third phase, a final prototype was created and
several tests were performed to evaluate the product.

Phase 1. Analysis. Design Vision and List of Criteria

We conducted a literature study and field research during the
analysis phase of the project. We interviewed participants with
arrhythmias or ischemia, cardiologists, and specialized nurses
and observed standard ECG procedures. Then, we mapped out
the insights from the literature study and the field research and
defined alist of design criteriaand a design vision.

Phase 2. Design: Process and Prototypes

The two core values that were highlighted in the design vision
arereliability and ease of use. These values served as a guide
through the design process. For each core value, the most
important tests and subsequent decisions are mentioned in the
next paragraphs. Note that, in reality, the mentioned activities
formed an iterative process together with the design steps. The
design vision served as a start of the design process. More than
60 ideas were generated, and the most promising ideas were
devel oped into three concepts[20]. Prototypes of these concepts
were made, which were evaluated with users on usability and
comfort. Paralld to this, we performed technical performance
tests with different electrode-skin contact designs. We further
devel oped the best scoring concept into afinal design proposal.
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Figure 2. Visualization of the process.
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Designing an Easy-To-Use Electrocardiographic System
During the whole process, we used a user-centered design
approach [21]. Potential users of the ECG system wereinvolved
throughout the process to ensure that the product fits the needs
and expectations of the user group. In order to evaluate the
comfort and usability of the different concepts, we made simple
mock-ups of the three concepts. We asked 5 participants to use
the mock-ups and assess them on device comfort and usability
inastructured interview. All participants gave informed consent
before participating.

Asshown by the empirical studiesdiscussed by Kanis[22], this
user trialing can be seen as an obvious way to enable designers
to accommodate prospective user activitiesin everyday product
design.

The participants were on average 65.6 (SD 16.2) years old. Of
them, 3 were women and 4 participants had experienced an
ECG test before. None of the participants had a heart disease.

First, the project goa and the procedure were explained to the
participants. Second, each participant was asked to try to put
on each mock-up with the help of simple visualizations that
show how the device is worn. We measured the time of the
actions and observed the actions. After the use of the mock-ups,
the participants were interviewed.

Designing a Reliable Electrocardiographic System

To design afeasible solution for laymen to record reliable ECGs
at home, we took several main steps. First, correct placement
of the electrodes needed to be facilitated for people with
different shapes and sizes. To identify the difference in the
distance between the electrodes, we retrieved the
three-dimensional (3D) body scan data of approximately 1250
peoplefrom the Delft University of Technology database WEAR
[23] and calculated P5 (5th percentile) and P95 (95th percentile)
of the circumference under the bust (for the Dutch population,
only measured for females). The electrodes were positioned at
a P5 and P95 3D scan following the anatomic guidelines of
electrode placement of a standard 12-lead system. After this,
the difference was cal cul ated.

Second, optimal skin-electrode contact is needed to ensure that
the signal can be captured without recording too much noise.
The aim of the electrode-skin contact testswasto find out which
concepts ensured the best skin-electrode contact on the chest.

http://mhealth.jmir.org/2018/7/€10126/
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Phase 3.
Evaluation
Usability Test
Technical Performance
Test

o

Recommendations

Design
Proposal

We gathered several electrode samples that enhanced
electrode-skin contact. 3M Red Dot Electrodes[24], two types
of reusable electrodes of PLUX Wireless Biosignals [25], and
electrodes with foam from Somnomedics [26] were used. To
compare the different electrodes, we made an ECG with a
three-electrode bipolar lead system [27]. To check how well
the electrodes were connected to the skin, we measured the
electrode impedance and interpreted the ECG recordings. By
comparing the ECG results, we identified the best performing
electrode.

Phase 3. Evaluation: Usability Study and Technical
Perfor mance Study

Based on the different test results, we selected one concept for
further development in detail, which resulted in afinal design
proposal. To evaluate the proposal, we created a prototype for
the final usahility study and technical performance study.
Usability Study

We peformed the final user tests to evaluate the
user-friendliness of the newly designed device and to identify
the bottlenecks in its use. Six participants from the potential
target group were invited to use and assess the prototype. All
participants were older than 60 years with a mean age of 73.7
(SD 7.8) years. The user group included 4 femalesand 2 males.
Five participants had experienced an ECG test in the past, but

no one had seen the new design before. All participants gave
informed consent.

First, the project goa and the procedure were explained to the
participants. Second, a preliminary version of the manual was
presented to each participant on a laptop. We asked each
participant to try to put on the prototype with the help of the
manual while the researchers timed and observed the users
actions. After the use of the device, the participants completed
structured interviews. We asked questions about the perceived
usefulness and ease of use since these factors greatly influence
the users’ decision about how and when to use the new product
[28].

Technical Performance Study

Following the usability test, a first technical performance test
was performed. In this test, we checked whether al the
electrodes in the final prototype made good contact with the
skin of one female participant. We also checked whether the
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belt fitted well and investigated which parameters needed to be
adjusted.

At the outpatient clinic in the hospital in Zaandam (Zaans
Medisch Centrum), thewires of astandard 12-lead resting ECG
monitor were connected to the electrodes on the prototype of
the belt. A series of ECGs using the standard equipment of the
12-lead resting ECG system were made first as a reference.
Subsequently, a 12-lead ECG was made with one prototype 6
times. After each recording, the belt and straps were taken off
and the electrodes were replaced. The test was performed
multiple times to check whether the results were reproducible.

Results

Phase 1. Analysis: Design Vision and List of Criteria

Based on the literature study and field research, design criteria
were formulated. The most important design criteria are
described below:

1. Theproduct-service system should enabl e a patient without
experience in electrocardiography to make an ECG of
medical quality himself or herself.

2. The product should contain 10 electrodes, from which 12
leads can be derived.

3. Theproduct-service system should contain acommunication
channel for quick interpretation of the ECGs by a health
care professional.

4. Thelocation of the precordial el ectrodes should never differ
more than 3 cm from the anatomically defined locationsin
the body [29].

5. Theproduct should be put on and used by the person whose
ECG needs to be recorded.

6. ECGs should be recorded with the patient in a supine
position.

7. Users should be able to make an ECG within 10 minutes.
Somerville et a reported that the average time to perform
aconventional 12-lead ECG is 10.6 minutes [30].

8. The patient should be able to communicate his or her
complaints together with the recordings to the health care
specialist in asimple way.

9. Theresults of the test should be clearly communicated to
the patient.

The design vision was stated as follows: “We want to design a
product-service system that enables subjectsto make areliable
12-lead ECG at the moment they have complaints at home.
With the help of an easy-to-use product-service system, patients
are empowered to record essential data for diagnosing
arrhythmias and ischemia.” Two core values can be highlighted
in this vision: reliability and ease of use. The product should
enable the user to make 12-lead ECGs of good quality, suitable
for interpretation by a cardiologist; at the same time, the
product-service system should be very easy to use and
understand.

Phase 2. Design: Process and Prototypes

In this section, the preliminary design concepts are presented
first, followed by an explanation of the final design. Figure 3
shows the sketches of the three design concepts and the three
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mock-ups that were used in the concept user tests. Concept 1,
from now on caled ECGraph was chosen for further
development. This system consists of a belt and 4 limb straps.
When placed around the chest, the belt will stretch and the
electrodes will move with respect to each other. In this way,
the electrodes will automatically be placed at theright location
on the body and would not heed to be placed at theright location
one by one, like in the conventional systems. Positioning the
middle part of the product in the middle of the body and above
the nipples is sufficient. This makes the product very
user-friendly. Note that the limb electrodes are placed on the
actual limbs like in the current hospital procedures, which
increases the acceptance of the product by cardiologists.

We chose the design of the electrodes with the help of
electrode-skin contact tests. The samples that were tested are
shown in Figure 4. The test results showed that the
Ag/AgCl-gelled disposable electrodes (samples 1, 2) made the
best contact with the skin. If usershaveto add the gel manually,
like for sample 3, good contact cannot be guaranteed.

Final Design

Figures 5 and 6 illustrate the final design. ECGraph is a
stretching belt (see#1 in Figure 5) that is placed under the bust.
The belt is connected to 4 straps (see #2 in Figure 5) that need
to be placed around the limbs and contain the limb electrodes.
The 6 electrodes of the precordial leads are integrated into the
belt, and with a simple closure system, the belt can be placed
around the chest.

The limb electrodes are integrated into the 4 straps. The straps
are preformed so that they can be wrapped around the limb with
one hand. They are connected to the belt through rolling
mechanisms to ensure that the wires do not get entangled. The
limb straps need to be connected to the belt through wires
because al the electrodes and the associated readout circuit
need to have a common ground. In case awireless connection
without a ground cable is used, the ECG measurement will be
significantly deteriorated due to noise and interference (Dr J
Xu, personal communication, December 8, 2016).

Standard disposable Ag/AgCl electrodes (sample 1) are
integrated into the final design because they ensure good
electrode-skin contact. The adhesive part of these electrodesis
removed because the belt will keep the electrodesin place during
the recording, enhancing comfort. Figure 7 shows how the
electrodes are placed on the belt using a commonly used press
stud system. For ease of use, the precordia electrodes are
already positioned on one sticker sheet that can be easily pulled
off.

Figure 8 shows how the electrode system is integrated into the
belt. The belt will be availablein two sizesto minimize pressure
on the body for larger individuals, once again enhancing
comfort. Figure 9 presents an overview of the product-service
system. The user can record the ECGs by putting on the belt
and the straps. The user’s phone can connect to the belt via
Bluetooth. Once the Bluetooth connection is made and the user
turns on the device, the system automatically checks whether
the el ectrodes have made good contact with the skin. Afterwards,
the user can record the ECGs.
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Figure 3. Concept design and mock-ups.

Concept Prototype
1. The Stretch Belt

Concept 1 consists of a
stretching belt with six
integrated precordial
electrodes and limb straps
including the limb electrodes,
that are placed around the
wrists and ankles.

2. The Tailored Vest

Concept 2 consists of an
upper vest with precordial
electrodes and two limb
electrodes. The two other
electrodes are placed in the
belt around the hips. The
product can be adjusted to
your circumference with a
knob.

3. The Preformed System

Concept 3 consists of a rigid
part that is placed around the
chest with a strap. Limb
electrodes are placed in the
shoulder strap and three
foldable limb straps.

Figure 4. Samples used in electrode-skin contact tests.

Sample 3: Electrodes and electrolyte paste at elastic strap

Sample 2: Foam pads at elastic strap Sample 4: Sticky reusable clectrodes at clastic strap
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Figure5. Positioning of the final design.

Steijlen et a

Figure 6. Fina design: main belt connected with the limb straps through rolling mechanisms.

The user can store the ECGs and send them, together with a
description of his or her complaints, to the hospital database
via Wi-Fi or a 4G network. The nurses or medical assistants
examine the ECGs. When excessive noise is detected by the
nurses and when the ECGs are uninterpretable, the patient is
asked to repeat the process. When the ECGs are of good quality,
they are electronically forwarded to the cardiologist. The
cardiologist interpretsthe ECGs and formul ates an advice based
ontheresults. The adviceis sent to the patient in atext message
via the app. It lets the patient know whether direct action is
required. To envision the service, a more detailed service
blueprint was made and some screens of the app were created
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RenderX

(see Multimedia Appendix 1) [3]. To make the user feel
confident about recording the ECGs and to ensure that he or
she can record ECGs of good quality, the user isasked to record
a“test ECG” at the moment he or shereceivesthe product. After
opening the app, the user first makes a connection with his
cardiologist. After the cardiologist confirmsthe connection, the
user is asked to record atest ECG with the help of the app. The
ECGsare checked by the cardiologist, and the user getsfeedback
on theresults. Last, during product use, the user is guided by a
visual manual that is shown in the app. Some important steps
from thismanual are shown in Figure 10. Inthismanual, al the
important requirements of use are highlighted.
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Figure 7. The electrodes are preplaced on a sticker sheet and connected to the belt using press studs. When the electrodes are connected, the sheet can
be pulled off.

_ — 2. Sticker sheet

1. Press stud

Figure 8. The electrode system is sandwiched between two layers of cast rubber, one of which is perforated to create alarger strain.

Figure 9. Overview of the product-service system.

User Mobile device Computer Nurse Cardiologist
T 2 &
v
\'J

AR,

BN

é Database

Home Belt Computer Hospital
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Figure 10. A selection of steps from the manual.

A

4. Place the belt around your chest.

connection with the app.

Phase 3. Evaluation: Usability Study and Technical
Perfor mance Study

In this section, the results of the final usability study and
technica performance study are presented. We used these results
to evaluate the final design.

Usability Study
The user tests proceeded smoothly. All users were able to put

on the prototype within 8 minutes. Table 1 shows the main
issues that were identified during the usability study (n=6).

All participants placed the limb straps at the correct locations
during the test. Concerning the placement of the belt, one
participant had the tendency to place the belt on the chest at a
level lower than that in the picture (Issue 1). All participants
had the tendency to ask questions about whether they were using
the prototypein theright way. They did not fed confident during
handling the device, although they were actually doing it very
well. Besides, they explained in the interviews that they would
feel even less confident using the device when they were
experiencing symptoms of a heart disease. On the other hand,
all participants assented that they would feel more confident if
they had used the product before.

Table 1. Major issuesidentified during the usability study.

5. Turn on the product and wait for it to make a

Steijlenet a

3. Tear off the sticker sheet.

6. Place your arms next to your body and try to relax. The
recording starts after 30 seconds. You will liear a start
beep. Affer the second beep, the recording is completed.

Technical Performance Study

Figures 11 and 12 show the set-up during the technical
performance test. A series of ECGs using the standard
equipment of the 12-lead resting ECG system, were made first
as a reference. Subsequently, a 12-lead ECG was made using
the prototype 6 times. Figure 13 depicts a standard recording,
and Figure 14 shows an ECG recording made using the
prototype. The ECG results were compared by a cardiologist,
who confirmed a good reproducibility of the ECGs made with
the prototype.

Second, the standard ECG was compared with the ECGs made
with the prototype. It was noticed from the graphs that the
placements of V4 till V6 were dightly different when the
prototype was used. As indicated by the arrows in Figure 14,
the T-waves of V4 till V6 were larger than those in Figure 13.

This can be explained by the fact that in the test with the
standard ECG system, the patches were placed a little lower
because the participant was wearing a bra. Although the
signal-to-noise ratio appeared to be lower when the prototype
was used, this did not influence the diagnostic characteristics
of the ECG.

Issue#  Participants Task Issue

1 P4 Placement of the belt The belt was placed too low around the chest.

2 P1, P2, P5, P6  Placement of thelimbstraps Although every participant placed the straps around the right limb, the majority of them
were not sure about which strap should be placed around which limb.

3 P3, P6 Placement of thelimb straps  Some parti cipants were not sure about the location of the electrode on each limb. They
were not informed that this was not important for measurement reliability aslong asthe
electrode was placed on the correct limb.

4 P2, P4, P6 Check before recording Several participantswere not sure whether they will feel confident enough to usethe system

when they have real complaints.
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Figure 11. The standard 12-lead monitoring equipment connected to the prototype.

Figure 12. Detailed picture of the prototype (blue) connected to the standard electrocardiogram monitoring equipment. Note that in the final design,
the electrode wires will be integrated into the belt.
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Figure 13. Standard electrocardiogram recording made using adhesive patches. Limb electrodes were placed on the limbs.
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Discussion

Principal Findings

In this paper, we described the design and development of
ECGraph, whichisthefirst product-service system that enables
individuals to record reliable standard 12-lead ECGs at home
a the moment they have complaints. The design vision
contained two core values. First, the novel 12-lead ECG system
must record ECGs of clinical quality. The measurements must
be reliable and suitable for clinical interpretation. Second,
individual s using the system need to be ableto record the ECGs
themselves. Therefore, an easy-to-use product-service system
had to be made. We have discussed whether the designed
product-service system (ECGraph) adheresto these core values.
Recommendations to improve these key aspects are presented
aswell.

Technical Performance

Several design aspects contribute to the reliability of the system.
First, the new ECG system makes use of 10 electrodes, just like
the standard 12-lead ECG systems. In contrast to many
competitors who use measurement systems with fewer leads,
we designed afull 12-lead system, which has been shown to be
morereliable [4]. Disposable wet el ectrodes, which ensure good
skin contact, are placed in the belt and straps. These features
offer an advantage over the existing products for home use,
namely that the product can be used in clinical practice for
diagnosing infarctions and arrhythmias.

A first technical performance test with the final prototype was
performed to find out whether the new design alowed the
electrodes to make agood contact with the skin. From thistest,
we concluded that ECGsof clinical quality could be made. Five
repetitive ECG measurements confirmed the system’s good
reproducibility.

Usability

In the design phase, ease of use was prioritized. Several user
tests were performed to eval uate the ease of use and to improve
the design. Thisled to alot of design elements that contributed
to the ease of use of the device. The precordial electrodes were
integrated into a belt; the replacement of the patches was
facilitated by a sticker sheet, which contains the precordial
electrodes; preformed arm straps were made; and rolling
mechanisms for the wires were used. Besides, the product has
very simple interface buttons, and an app supports the user
during product use.

In the final usability test, all the users were able to put on the
product correctly within 8 minutes. We expect that the product
can be used much faster once the users familiarize themselves
with it. One participant placed the belt slightly lower on the
chest than pictured in the manual. This would influence the
ECG results, but it can be solved by adding an extra remark to
the digital manual in the app stating that the top electrodes need
to be placed between the breasts, above the nipples.

From the final usability test, we discovered that lack of
confidence among the users during the procedure was a major
issue. To make the usersfeel more confident, the manual should
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be improved, and it should contain some extra remarks and
check points. We found that the participants wanted more
information about whether they were handling the product
correctly. This emphasizes the importance of making a “test
ECG” that will be checked by the cardiologist when a user
receives the product for the first time. An instruction video or
demonstration in the hospital can also increase confidence
during use.

Last, somedesign elementsled to ease of usefor the health care
professional. The use of atraditional, 12-1ead system facilitates
implementation in the current health care system. On top of
that, the effort required from the cardiologist is minimal since
he or she only has to send a message with the outcome of the
test to the user.

Limitations

Because of the short time span of this project, there are severa
limitations that warrant discussion. First, during the usability
test, the participants were wearing clothes. Thus, the available
wet electrodes were not placed in the prototype during the test.
In the next phase, anew user test needs to be performed where
the participants will have to take off their clothes and the wet
electrodes will be placed in the prototype to simulate the real
user scenario.

Second, the prototype was made from laser-cut segments of
polychloroprene and latex because there was insufficient time
to create amold and fabricate abelt by casting. These segments
were glued together, which made the belt less robust than the
intended product. The fragility of the prototype may have
influenced the perception of the product and, therefore, the
results of the user tests.

Third, during the technical performance test, ECGs of aperson
with asmall thoracic circumference (700 mm) were made. We
currently have no data on the quality of ECGs in persons with
a relatively large thoracic circumference; this should also be
tested in the future.

Last, in this paper, we described the first step, namely thedesign
phase, of creating a 12-lead ECG system for home use that can
be incorporated into clinical practice. The system has not yet
been put into test on patients who are suffering from a cardiac
disease. A clinica study to test whether the new device can
speed up the diagnostic process of patients with a cardiac
pathology has been planned as the next step.

Conclusions

In this project, a new 12-lead ECG system for home use was
developed. The product (ECGraph) is designed to be more
user-friendly than current hospital ECG systems, and the product
architecture enables integration of ECG components that have
asuperior sensitivity for diagnosing cardiac pathology compared
with outpatient surrogate ECG devices. By performing a
thorough context and user research, we have tried to create an
accessible product for both patients and health care
professionals. We believe that ECGraph has great potential to
be incorporated into current clinical practice models and is a
step forward toward faster diagnosis and treatment of patients
with cardiac pathology.
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Abstract

Background: Rural areas and refugee camps are characterized by poor access of patients to needed noncommunicabl e disease
(NCD)-related health services, including diabetes and hypertension. Employing low-cost innovative eHealth interventions, such
as mobile health (mHealth), may help improve NCDs prevention and control among disadvantaged populations.

Objective: The aim of this study was to assess the effect of employing low-cost mHealth tools on the accessibility to health
services and improvement of health indicators of individuals with NCDs in rural areas and refugee campsin Lebanon.

Methods: Thisis arandomized controlled trial study in which centers were alocated randomly into control and intervention
sites. The effect of an employed mHealth intervention is assessed through selected quality indicators examined in both control
and intervention groups. Sixteen primary health care centers (eight controls, eight interventions) located in rura areas and
Palestinian refugee camps across L ebanon were included in this study. Data on diabetic and hypertensive patients—1433 in the
intervention group and 926 in the control group—was extracted from patient files in the pre and postintervention periods. The
intervention entailed weekly short message service messages, including medical information, importance of compliance, and
reminders of appointments or regular physician follow-up. Internationally established care indicators were utilized in this study.
Descriptive analysis of baseline characteristics of participants, bivariate analysis, logistic and linear regression were conducted
using SPSS (IBM Caorp).

Results: Bivariate analysisof quality indicatorsindicated that the intervention group had a significant increase in blood pressure
control (P=.03), aswell asasignificant decrease in the mean systolic blood pressure (P=.02), mean glycated hemoglobin (HbA ;;
P<.01), and in the proportion of HbA ;. poor control (P=.02). Separate regression models controlling for age, gender, and setting
showed a 28% increase in the odds of blood pressure control (P=.05) and a 38% decrease in the odds of HbA ;. poor control
(P=.04) among the intervention group in the posttest period. Females were at lower odds of HbA ;. poor control (P=.01), and age
was statistically associated with annua HbA . testing (P<.01). Regression model s for mean systolic blood pressure, mean diastolic
blood pressure, and mean HbA ;. showed that a mean decrease in HbA . of 0.87% (P<.01) pretest to posttest period was observed
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among the intervention group. Patientsin rural areas belonging to the intervention group had alower HbA ;. score as compared
with those in refugee camps (P<.01).

Conclusions: This study underlines the importance of employing integrative approaches of diseases prevention and control in
which existing NCD programs in underserved communities (ie, rural and refugee camps settings) are coupled with innovative,
low-cost approaches such as mHealth to provide an effective and amplified effect of traditional NCD-targeted care that can be
reflected by improved NCD-related health indicators among the popul ation.

Trial Registration: ClinicaTrials.gov NCT03580330; https://clinicaltrials.gov/ct2/show/NCT03580330 (Archived by WebCite

at http://lwww.webcitation.org/70mhV EUwWQ)

(JMIR Mhealth Uhealth 2018;6(7):€137) doi:10.2196/mhealth.8146
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Introduction

Prevalence of Noncommunicable Diseases

Noncommunicable diseases (NCDs) and its associated risk
factors, including diabetes mellitus and hypertension (HTN),
have become the leading cause of death and disability globally
[1]. In 2015, NCDs accounted for 70% of the estimated 56.4
million deathsin theworld [2]. Around 80% of deaths associated
with NCDs occur inlow- and middle-income countries (LMIC),
with disproportional effects on underprivileged populations
[3-5].

In the Eastern Mediterranean Region (EMR), the burden of
NCDsisgrowing at an alarming rate, with approximately 57%
of deathsin the region attributed to NCDs, an equivalent of 2.2
million death per year [6]. Around 51% of these deaths are
premature (ie, below the age of 70 years) [6-8]. Unhedlthy diets,
physical inactivity, hyperglycemia, hyperlipidemia, elevated
blood pressure (BP), and obesity are among the most preval ent
underlying risk factors; linked to 65% of NCDs-related deaths
[7,9,10].

Limited Accessto Health Carein Rural Settingsand
Refugee Camps

Despite the rising burden of NCDs, health care systems of the
majority of LMIC remain focused on treatment with minimal
unsustainable investment in primary health care (PHC) [11].
Different economic, sociocultural, and geographic factorswere
alsofound to limit access of patientsto NCDs preventive health
care services in these settings [12,13]. Lack of essential
knowledge and awareness on NCDs prevention, especially
among underserved populations, often results in poor
management of their disease, manifested in substandard
health-related indicators manifested in poor glycemic or BP
control and other preventable morbidities [14-22]. For refugees
in specific, the situation isfurther aggravated by their restricted
access to hedlth care services because of a range of factors,
including financial barriers, geographic attainability, safety, as
well as cultural and language impediments [14]. NCD-specific
care requires a systematic approach ranging from case finding
and early detection, to identification of unhealthy behaviors,
and compliance to regular long-term follow-up [23]. Such an
approach is constrained by the limited health facility-based
resourcesin rural and refugee settings, which hindersthe ability

http://mhealth.jmir.org/2018/7/e137/

toimplement proper NCD preventive measuresin those settings.
Further compounding the situation isthe ongoing displacement
of Palestinian and Syrian refugees and the protracted crisesin
the EMR, adding burden to already fragmented health systems
of refugee-hosting countries regionally [7,18].

Use of Mobile Health as an Effective Add-On to
Traditional Care

Despite the fact that remarkable efforts have been invested to
decreasethe burden of NCDsin EMR [21,22], acomprehensive
change in the approach to NCDs in these settings remains
necessary to meet the health needs of the displaced populations
and host communities [14,16,20]. A systematic review of
primary care models for NCDs interventions in LMIC
recommends a programmatic structure focused on monitoring
and evaluation of indicators, standardized care, and compliance
to follow-up [24].

With the spread of mobiletechnology, mobile Health (mHealth)
is regarded as a promising approach that is being increasingly
explored to improve community health outcomes. As a subset
of electronic health (eHealth), mHesalth is defined as the use of
mobile devices in health care delivery, mainly through short
message service (SMS) messaging, voice calls, mobile phone
apps, tablets, or wearable devices' apps[25]. SMSisan mHealth
tool that holds great promisein addressing NCDsthrough health
education and self-management, improving prevention and
treatment strategies, and providing appointment reminders to
improve compliance and the attendance of appointmentsin PHC
centers (PHCCs). SMSs are aso attractive because of their
potential in overcoming financial and geographic barriersfacing
hard-to-reach populations [26-33]. A number of academic
studies showed that mHealth helps improve prevention and
control of diseases, including HTN and diabetes, by providing
targeted interventions to disadvantaged populations living in
remote areas where health services are often limited [ 26,34-43].

L ebanese Context and Relevance of the Study

According to recent reports, Lebanon faces an €elevated
NCDs-related mortality reaching as high as 85% [44].
Furthermore, the country hosts alarge proportion of theworld’s
Palestinian refugees, accounting around 10% of the country’s
population [45]. The burden of NCDs, namely diabetes and
HTN, isexpanding among underprivileged popul ationsresiding
in rural areas and refugee camps primarily because of poor

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [e137 | p.58
(page number not for citation purposes)


http://dx.doi.org/10.2196/mhealth.8146
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

screening and low early detection rates [46]. Suffering from
limited availability of resources and fragmented infrastructure,
PHCCsareto alarge extent the sole convenient health facilities
serving peoplein Lebaneserural areaswhere most refugeesare
residing [47]. The 2011 assessments of the United Nations Relief
and Works Agency (UNRWA) revedled that one-third of
Pal estinian refugeesin Lebanon residing in camps face hardships
related to NCDs [48]. The refugees’ struggle is aggravated by
the unsatisfactory health services in such contexts [49].
Exploring innovative and effective strategies that can
complement existing traditional care remainsnecessary in such
settings to appropriately tackle the growing trend of NCDs in
the country.

Mobile phone useisvery common in Lebanon, reaching as high
as 92.16% in 2015 [50]. A situational assessment study on
Syrianrefugeesand digital health in Lebanon reported refugees
as frequent users of mobile communications, including SMS,
with each household having at least one mobile phone,
suggesting the likely reach that an mHealth intervention could
have in this context [51].

Despitethe proven abundance of mobile phonesin underserved
settings, the potential role that mHealth could havein enhancing
access of disadvantaged popul ations to adequate NCD care has
never been investigated in Lebanon.

This study aims to assess the effect of employing a low-cost
mHealth intervention on access to health services and
improvement of health indicators of individuals suffering from
NCDs in rura areas and refugee camps in Lebanon. The
mHealth intervention is of dual components addressing both
patients and health providers through informative health SMSs
targeting the former and online training modules and support
forums targeting the latter. This study, implemented in
collaboration with the Lebanese Ministry of Public Health
(MOPH) and UNRWA, is the first to employ a mHealth
interventionin Lebanon in rural and refugee settings. Theresults
will provide evidence that could help in restructuring existing
NCDs action plan at the systems level to optimally respond to
the needs of displaced refugees and host communities and
enhance compliance to adequate care while containing cost
through adopting an innovative preventive approach.

Methods

Study Design

This study reports on acommunity trial in which PHC centers,
along their respective catchment areas, wererandomly allocated
into control and intervention sites with the aim of assessing the
change in selected NCD care quality indicators (Qls) among
community individual sand patients. Petientsin theintervention
sites received a 1-year mHealth intervention, and their pre- and
postintervention outcomes were assessed through measurement
of Qls. The study was conducted over a period of 2 years,
covering 1 year of preintervention collection of Qlsand 1 year
of delivery of the mHedth intervention, followed by a
postintervention period of 1 month of postintervention Qls
collection (Figure 1).

http://mhealth.jmir.org/2018/7/e137/
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Participants Selection and Data Coallection

The study population comprised sixteen PHCCs in Lebanon:
tenlocated in rural areas and belonging to the L ebanese M OPH
PHC National Network [52] and six are UNRWA centers chosen
from Palestinian refugee campsin Lebanon. These centerswere
randomly assigned into intervention and control groups. Five
MOPH and three UNRWA centers were alocated to each of
the intervention and control groups for atotal of eight sitesin
each of the groups.

One QI collector was hired at each of the sixteen PHCCs
included in the study (both intervention and control) to collect
relevant Qlsfrom patients’ records at two pointsin time: (1) at
baseline period, also noted asthe preintervention period, where
Qlswere collected from records of al patientsvisiting included
PHCCsfor the 1-year preintervention period from March 2014
to March 2015 and (2) after delivery of intervention, also noted
as the postintervention period, where Qls were collected from
records of patientsvisiting the PHCCsfor the 1-year intervention
period from June 2015 to June 2016.

The inclusion criteria of the records of patients during the Qls
collection periods was based on the health status and age of the
patients. To be included in this study, patients had to be
registered at the PHCCs as diabetics or hypertensive and aged
40 years or more. Only Lebanese patients registered at the
included MOPH PHCCs in rural areas and Palestinian refugee
patients registered at the included UNRWA health centerswere
eigible for inclusion if the aforementioned criteria were met.
Records of patients whose nationality was not Lebanese nor
Palestinian and whose age was less than 40 years were not
digiblefor inclusion. No exclusion based on gender, educational
and literacy level, disability, or presence of other medical
conditions took place. Data were extracted from patients
medical records for all patients meeting the inclusion criteria.
Demographics including gender, age, and telephone number,
in addition to medical information related to the Qls such as
last result of BPR, last result of glycated hemoglobin (HbA,.),
smoking status, and dates of last visit for HbA ;. testing, for eye
check-up, or foot exam, were collected. Numerical values and
dateswere reported whenever availablewithin the corresponding
data collection period; otherwise, not reported was entered for
missing values.

Intervention

The eSahha project is a two-pronged mHealth interventional
project targeting catchment areas of PHCCslocated in Lebanese
rural areasand Palestinian refugee camps, where accessto hedth
knowledge and health servicesis known to be limited.

The overal eSahha intervention consisted of two related
components: one that is community-based and ancther that is
PHC center-based. The community-based component included
community screening for HTN and diabetes by trained
community health workers among individuals falling within
the age group at higher risk of developing NCDs—40 years or
older—in the catchment areas of the eight intervention centers.

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [e137 | p.59
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Saleh et a

Figurel. Summary of the methodology of the study. MOPH: Ministry of Public Health; PHC: primary health care; PHCC: primary health care center;
Ql: quality indicator; SMS: short message service; UNRWA: United Nations Relief and Works Agency.
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Individuals already diagnosed with or suspected of being
diabetic, hypertensive, or both were referred to the nearest
intervention PHCC for NCD-specific clinical care and were
targeted by SM S messages originating from a preexisting mobile
communication platform used for mass messaging hosted by a
Lebanese telecommunication company and scheduled for
delivery by aresearch assistant of the research team. The SMSs
were developed by a family physician based on the MOPH
guidelinesfor prevention and management of HTN and diabetes.
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A weekly educational health SMS was sent every Monday
afternoon for the intervention period of 1 year. SMS content
covered different health themes providing health information
on lifestyle, dietary habits, body weight, smoking, medications,
importance of compliance, as well as symptoms and
self-management of HTN and diabetes. Community individuals
who were diagnosed and were receiving necessary care previous
to our intervention were sent weekly informative health SMS,
as well as customized SMSs reminders to follow up on their
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scheduled medical appointments (eg, to check their HbA . levels
and have their annual foot or eye exams). The messages were
sent to mobile phones of the targeted individual s suffering from
HTN or diabetesincluded in the intervention or, in caseswhere
the targeted individuals did not own a mobile phone, messages
were sent with their consent to the cell phones of their respective
closest relatives (eg, son, daughter, or husband). Individualsin
the control group (ie, living in catchment areas of control
PHCCs) did not receive SM S messages and were thusreceiving
theusua care. The messageswereinitialy formulatedin English
and then translated to Arabic and sent using simplified Arabic
termsto match the different levels of health literacy of thetarget
lay population. The length of each message was restricted to a
maximum of 70 characters. On the other hand, the PHC
center-based component of the intervention consisted of sending
the same weekly informative headth SMS, as well as
appointment reminders customized to the respective time for
check-ups to patients registered as diabetic or hypertensive at
baseline at the PHCCs belonging to the intervention group.
Patients receiving the SMSs were not required to reply to the
SMSs at any point in time.

The PHC center-based component of the intervention also
included training of health care providers, namely physicians
and nurses, working in the intervention PHCCs, using eHealth
tools consisting of (1) Online modules focusing on clinical
guidelines for treating diabetes and HTN and others on
provider-patient communication strategies (ie, increasing
compliance) and (2) Online forums and frequently asked
guestions mainly dedicated to peer-to-peer knowledge sharing
of treatment and communication techniques.

Salehet d

M easurements of Quality Indicators

A set of internationally recognized Qls for diabetes and HTN
were employed to monitor the effectiveness of the intervention
(Table 1). The choice of indicators was based on their wide
acceptance and use in evaluating care eff ectiveness on one hand
and on the ability of the health information system availablein
theincluded MOPH and UNRWA PHCCsto extract the needed
data on the other hand.

Statistical Analysis

Data on BP (systolic blood pressure, SBP or diastolic blood
pressure, DBP), HbA ., smoking status, as well as dates of eye
and foot check-upswere obtained and anal yzed using statistical
software package SPSS (version 24.0). Sample baseline
characteristicswere summarized for theintervention and control
groups using mean and SD for numerical variables and
frequency and percentage for categorica variables. Annual
check-ups, including eye and foot exams, as well as HbA ;.
testing were considered acceptable if done according to
recommended guideline periods, while a 30-days grace period
wasallowed. Pearson chi-squaretest (x2) and independent t test
were used to assess the difference in quality indicators before
and after the intervention. Logistic regression was used to
eva uate the impact of the intervention on HbA . poor control,
BP control, and annual HbA ;. testing, while controlling for age,
gender, and setting. Similarly, linear regression was used to
assess the impact on mean SBR, DBP, and HbA,., while
controlling for age, gender, and setting. All analyses were
carried at a.05 significance level.

Table 1. Selected quality indicators to monitor the effectiveness of the intervention.

Domain and Measure Measure description

Hypertension

Mean blood pressure
terms of SBP or DBP

Blood pressure control

Annual eye check-up

Means SBP? and DBP® were assessed after collecti ng the most recent result of each patient’s blood pressurein

Percentage of patients with most recent blood pressure <140/90 mmHg
Percentage of patients receiving at least one eye check-up annually as per recommended guideline (date within

the data collection period, while a 30-day grace period was allowed)

Diabetes

Annual HbA° testing

Percentage of patients with one or more HbA 1 tests annually as per recommended guideline (date within the

data collection period, while a 30-day grace period was allowed)

Mean HbA 1.
HDbA 1 poor control

Annual smoking status check

Annual foot exam

Mean HbA 1 was assessed after collecting each patient’s most recent result of HbA ¢
Percentage of patients with most recent HbA . level >9.0% (poor control); Mean HbA ;. is also assessed

Percentage of patients whose smoking status was ascertained and documented annually

Percentage of patientsreceiving at least one foot exam annually as per recommended guideline (date within the

data collection period, while a 30-day grace period was allowed)

Annual eye check-up

Percentage of patients receiving at least one eye check-up annually as per recommended guideline (date within

the data collection period, while a 30-day grace period was allowed)

8SBP: systolic blood pressure.
PDBP: diastolic blood pressure.
®HbA ¢ glycated hemoglobin.
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Ethical Consider ations

Ethical approval was obtained from the American University
of Beirut Institutional Review Board before conducting the
study. As per the approved protocol, approval of participation
and informed consent were obtained from PHC centers
directors. Directorsand QI collectorsrecruited from the centers
in the two groups were informed about the purpose of the study
and its expected outcomes. Confidential handling of all data
collected was ensured throughout the study period. In addition,
SM'S messages were sent to patients in the intervention group
after obtaining their consent. In case the targeted patients did
not own amobile phone, their consent was received to send the
messages to the phone of their selected closest relatives (eg,
son, daughter, or husband). Those relatives in turn had to also
consent to receiving those messages and passing them to the
patients.

Results

Participants Demographic Characteristics

Table 2 presents the baseline demographic and clinical
characteristics of patientsin theintervention and control groups.
The data of 1433 patients in the intervention groups and 926
patientsin the control groups were included in the analysis. At
baseline, more than half of patients were females, 56.3%
(454/807) in theintervention group and 56.2% (292/520) in the
control group. Asfor age distribution, a higher proportion was
inthe age range of 56 to 70 years, representing 44.1% (353/800)

Salehet d

of thosein theintervention group and 40.1% (200/499) of those
in the control. Mgjority of patients in both groups were living
in Lebaneserural areas (61.97%, 888/1433 and 60.8%, 563/926
respectively). In the intervention group, 64.27% (921/1433) of
patients were hypertensive, and 35.73% (512/1433) were
diabetic. On the other hand, 67.6% (626/926) of patientsin the
control group were hypertensive, and 32.4% (300/926) were
diabetic. There was no statistical difference between the two
groups except for age (P=.003; Table 2).

Hypertension Quality Indicators

Bivariate analyses of quality indicators are shown in Table 3.
All dates are considered acceptable if done within the
recommended guideline periods, while a 30-day grace period
was allowed (refer to Table 1). A significant increase in BP
control was observed in theintervention group between the pre-
and the posttest periods (58.2%, 530/911 to 63.6%, 426/670,
P=.03), which was not replicated in the control group (P=.37).
Similarly, a significant drop in the mean SBP was observed
among the intervention group (133.7 mmHg, SD 16.1 pretest
and 131.8 mmHg, SD 15.8 posttest, P=.02) but not in the control
group (P=.65). In both study groups, a lower proportion of
annual eye check-up was observed in the post test as compared
with the pretest (48.4%, 446/921 to 38.9%, 268/689 in
intervention group and 27.8%, 174/626 to 21.1%, 133/630 in
the control group, P<.01 for both). No statistical significance
was found in the pre- or posttest difference in the mean DBP
in either groups (P=.14 and P=.81, respectively).

Table 2. Baseline demographic and clinical characteristics of participants by study group. No significant differences between gender, setting, and
disease category across the two groups were identified using chi-square test; the difference in age groups between intervention and control at baseline
isstatistically significant (P=.003). Bonferroni post-hoc test reveas that the differenceisin the age group =71 years.

Variable

Intervention, n (%) Control, n (%)

Total number of participants®
Gender

Male

Female
Agegroup (years)

40-55

56-70

271
Setting

Rural areas

Palestinian refugee camps
Disease category

Diabetes

Hypertension

1433 (100.0) 926 (100.0)
353 (43.7) 228 (43.8)
454 (56.3) 292 (56.2)
252 (31.5) 134 (26.9)
353 (44.1) 200 (40.1)
195 (24.4) 165 (33.1)
888 (62.0) 563 (60.8)
545 (38.0) 363 (39.2)
512 (35.7) 300 (32.4)
921 (64.3) 626 (67.6)

3350me numbers under some categories may not add up to the total because of missing values.
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Table 3. Bivariate analysis of hypertension (HTN) and diabetes mellitus quality indicators by study group.

Type of quality indicators Intervention Control
Pretest Posttest P vaue Pretest Posttest P value
HTN quality indicators
BP? controlled, n (%) 530 (58.2) 426 (63.6) o3® 316 (60.9) 362 (58.4) 37
SBP®, mean mmHg (SD) 133.69(16.10)  131.80(15.79)  .02° 13324 (17.08)  133.68(16.91) .65
DBP, mean mmHg (SD) 79.16 (9.13) 78.47 (9.09) 14 78.24 (9.41) 78.09 (8.97) 81
Annual eye check-up, n (%) 446 (48.4) 268 (38.9) <.01P 174 (27.8) 133 (21.1) <.01°
Diabetes mellitus quality indicators
Annual HbA;® testing, n (%) 264 (51.6) 397 (74.1) <01° 100 (33.3) 208 (71.2) <01P
HbA 1 poor control, n (%) 75 (28.2) 82 (20.3) 02° 22 (21.8) 46 (22.2) .93
HbA ¢, mean % (SD) 8.00 (1.89) 7.20 (2.06) <.01° 7.73(1.72) 7.69 (1.84) .88
Proportion of smokers, n (%) 159 (35.0) 169 (31.8) .29 60 (36.1) 64 (31.4) .33
Annual foot exam, n (%) 224 (43.8) 227 (42.4) 65 118 (39.3) 105 (36.0) 40
Annual eye check-up, n (%) 266 (52.0) 183 (34.1) <.01P 111 (37.0) 68 (23.3) <.01°

3BP: blood pressure.

b ndicates to statistical significance at .05 Cl.
CSBP: systolic blood pressure.

4DBP: diastolic blood pressure.

®HbA 1¢: glycated hemoglobin.

Diabetes Quality Indicators

In the intervention group, glycemic control resultsimproved in
the intervention group but not in the control group. The
proportion of HbA ;. poor control decreased significantly in the
intervention group from 28.2% to 20.3% (P=.02), whereas it
remained unchanged in the control group (21.8% vs 22.2%,
P=.93). Likewise, a significant reduction in the mean HbA
was noted in the intervention group (8.00%, SD 1.9 to 7.2%,
SD 21, P<.01) but not in the control group (P=.88).
Furthermore, the proportion of annual HbA ;. testing donewithin
recommended guideline period increased for both groups
(51.6%-74.1% in the intervention and 33.3%-71.2% in the
control, P<.01 for both). However, the proportion of annual eye
check-up done within recommended guideline period decreased
significantly in both groups (52.0% down to 34.1% in
intervention and 37.0% down to 23.3% in control, P<.01 for
both). Differences in proportions of smoking and annual foot
exam within recommended guideline period were not
statistically significant in either group.

Regression Models

Separate regression models were run to gauge the intervention
impact on the study groups while controlling for baseline
characteristics. age, gender, and setting. Table 4 shows the
results of the logistic regressions, where BP control, HbA ;. poor
control, and annual HbA ;. testing act asthe dependent variables
(consecutively). Annua HbA . testing is within recommended
guideline: dates are considered acceptable if done within the

http://mhealth.jmir.org/2018/7/e137/

recommended guideline period, while a 30-day grace period
was allowed (refer to Table 1). When considering BP contral,
Table 4 indicates that for the intervention group, there was a
28% increase in the odds of BP control in the posttest period
as compared with the pretest period (odds ratio, OR 1.28, 95%
Cl 1.00-1.64, P=.05), independent of age, gender, and setting.
The OR for study period was not statistically significant in the
control group (P=.11). Rural areas reported lower odds of BP
control as compared with refugee camps in both study groups
(OR 0.31, 95% CI 0.24-0.40 intervention group; OR 0.22, 95%
Cl 0.15-0.30 control group; P<.01 for both). A 38% decrease
inthe oddsof HbA ;. poor control among theintervention group
from the pretest to the posttest study periods was observed (OR
0.62, 95% CI 0.39-0.97; P=.04), independent of age, gender,
and setting. The study period OR was not statistically significant
among the control group (P=.26). Females were at lower odds
of HbA . poor control among the intervention group (OR 0.59,
95% CI 0.39-0.89; P=.01), whereas age ORs were statistically
significant for both study groups (OR 0.97 for both, P<.01 and
P=.03, respectively). With regard to annual HbA .. testing, the
results reveal that both groups had an increase in the odds of
doing the test with recommended guideline period (OR 2.52,
95% CI 1.81-3.49 for intervention and OR 4.26, 95% ClI
2.79-6.49 for control; P<.01 for both). Age was statistically
associated with annual HbA ;; testing (OR 0.98, P<.01) for the
intervention group, and rural settings were at higher odds of
conforming with HbA ;. testing guidelinesin both study groups
as compared with refugee camps participants (OR 4.43 for
intervention and OR 2.22 for control; P<.01 for both).
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Table 4. Logistic regression model of blood pressure (BP) control, glycated hemoglobin (HbA 1) poor control, and annual HbA 1 testing by study

group.

Indicator

Intervention

OR?(95% Cl)

P vaue

Control

OR (95% Cl)

P value

BP control

Study period

Posttest
Pretest

Gender
Female

Mae

Age (continuous)

Setting

Rural areas
Palestinian refugee camps
HbA ¢ poor control

Study period

Posttest
Pretest

Gender

Female

Mae

Age (continuous)

Setting

Rural areas
Palestinian refugee camps
Annual HbA . testing

Study period

Posttest
Pretest
Gender
Female
Mae

Age (continuous)

Setting

Rural areas

Palestinian refugee camps

1.28 (1.00-1.64)

C

1.12 (0.88-1.44)

0.99 (0.98-1.00)

0.31 (0.24-0.40)

0.62 (0.39-0.97)

0.59 (0.39-0.89)

0.97 (0.96-0.99)

0.71 (0.45-1.11)

2.52 (1.82-3.49)

1.17 (0.85-1.61)

0.98 (0.97-0.99)

443 (3.20-6.13)

.05P

.36

.06

<.01P

.01P

<.01P

A3

<.01°

<.01°

<.01?

1.28 (0.95-1.72)

0.97 (0.74-1.29)

0.99 (0.98-1.00)

0.22 (0.15-0.30)

0.68 (0.35-1.33)

0.84 (0.47-1.49)

0.97 (0.95-1.00)

0.81 (0.43-1.51)

4.26 (2.79-6.49)

1.04 (0.69-1.56)

1.01 (0.99-1.03)

2.22 (1.46-3.39)

A1

.85

03P

<.01P

.26

.56

03P

51

<.01P

.87

37

<.01P

%0OR: odds ratio.

CIndicates to statistical significance of .05 Cl.
CReference category.
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Table 5. Linear regression model of the means systolic blood pressure (SBP), diastolic blood pressure (DBP), and glycated hemoglobin (HbA 1) by

study group.
Indicator Intervention Control
Beta SE P value Beta SE P value
Mean SBP
Study period
Posttest -1.12 0.90 21 -1.83 1.18 12
Pretest —a — — — — —
Gender
Female -.59 0.90 51 .30 111 .79
Male — — — — — —
Age (continuous) .08 0.04 .03° A2 0.04 .01°
Setting
Rural areas 7.98 0.92 <01P 9.07 121 <01P
Palestinian refugee camps — — — — — —
Mean DBP
Study period
Posttest -.49 0.53 .36 -.90 0.65 .16
Pretest — — — — — —
Gender
Female -1.89 053 <01P -73 061 23
Mae — — — — — —
Age (continuous) -.02 0.02 .26 -.07 0.02 <.01P
Setting
Rural aress 1.66 054 <01P 217 0.67 <01P
Palestinian refugee camps — — — — — —
Mean HbA
Study period
Posttest -.87 0.19 <.01° -.22 0.27 41
Pretest — — — — — —
Gender
Female -42 0.17 01 -21 0.22 35
Male — — — — — —
Age (continuous) -.01 0.01 12 -.03 0.01 <.01°
Setting
Rural areas -.65 0.19 <01P 07 0.25 76

Pal estinian refugee camps — — — — — —

Refers to reference category.
bRefers to statistical significance at .05 Cl.

Table 5 summarizesthe regression modelsfor mean SBP, mean  0.90, P=.21 for mean SBP intervention group; beta=—1.83
DBP, and mean HbA .. After controlling for age, gender, and mmHg, SD 1.18, P=.12 for mean SBP control group; beta=—.49
setting, the mean changes in SBP and DBP across the study mMmHg, SD 0.53, P=.36 for mean for DBP intervention group;
period were not statistically significant (beta=-1.12 mmHg, SD ~ and beta=—90 mmHg, SD 0.65, P=.16 for mean DBP control
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group). Only mean HbA ;. retained statistical significanceinthe
multivariate analysis. A mean decreasein HbA ;; of 0.87 pretest
to posttest period was observed among the intervention group
(beta=—.87, SD 0.19, P<.01) but not in the control group
(P=.41). This change was independent of age, gender, and
setting. On average, females in the intervention group had a
lower HbA,. score compared with their male counterparts
(beta=—.42, SD 0.17, P=.01). Age was associated with a
decrease in HbA ;, which was seen in the control group only
(beta=-.03, SD 0.01, P<.01), and patients in rural areas
belonging to the intervention group had a lower HbA . score
as compared with refugee camps (beta=-.65, SD 0.19, P<.01).

Discussion

Principal Findings

First of its kind in the country, the study revealed promising
findingsin regard to the use of mobile phone SM S technology
to improve the management of NCDs among individualsliving
in rural areas and Palestinian refugee camps in Lebanon.
Postintervention measurements of quality health indicators in
the intervention group showed remarkable improvement in
comparison with preintervention assessments through enhanced
BP control, reduced mean SBP, as well as decrease in HbA
levels and HbA,. poor control. Comparison across the two
settings (ie, rura areas vs refugee camps) showed differential
improvements in diabetes and HTN quality indicators where
patientsliving in refugee camps exhibited improved BP control
and lower means of SBP and DBP compared with patientsfrom
rural areas. Patients in rural areas had comparatively lower
HDbA ;. scores and were at higher odds of conforming to HbA ;.
testing. No clear direct effect of the implemented mHealth
intervention on change in smoking habits, patients' utilization
of PHC services, and compliance with visitsfor HbA ;. testing,
eye check-ups, and foot exams were noted.

Our findings of a considerable increase in BP control only in
patients receiving the mHealth intervention are in agreement
with those of similar studies conducted in Spain, South Korea,
and Russia[40,53,54]. In contrast, Wald et a and Orsamaet &
had findings showing no statistically significant patterns for
amelioration neither in BP control nor in means SBP and DBP
in the SMS intervention group [55,56]. After controlling for
age, gender, and setting, only BP control retained statistical
significance in the regression model, with a 28% increase in
the odds of BP control in the posttest period as compared with
the pretest period. No significant difference for BP control was
found across age and gender. There is a paucity of datain the
literature with regard to differences in intervention outcomes
among hypertensive patients based on age, gender, or setting
[40,53,54].

The group that received SMS messages had a clinicaly
important and statistically significant change in glycemic
control. More specifically, the intervention group showed a
significant decrease both in HbA ;. level s (from 8.00%, SD 1.89

to 7.2%, SD 2.06) and in HbA,. poor control (from
28.2%-20.3%) after a 1-year SMS intervention. The control

http://mhealth.jmir.org/2018/7/e137/
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group, on the other hand, showed a slight increase in HbA .
poor control within the same period. The 38% decrease in the
odds of HbA ;. poor control among the intervention group from
the pretest to the posttest study periods wasindependent of age,
gender, and setting in the multivariate analysis. The same
applied for the reported changein HbA ;. (drop by 0.8%) in the
intervention group. This finding concurs with those of a study
from Bangladesh, where HbA . levels dropped by a mean of
0.85% after the SMS intervention [38]. Furthermore, this
reported changeis higher than those from previous studies, such
asa0.7% reduction in HbA ;. posttest in Irag [57], 0.4% in Saudi
Arabia[58], 0.53% in ameta-analysisby Arambepolaet a [26],
and 0.39% in a meta-analysis by Liu and Ogwu [59]. Other
studies have shown a higher reductions in HbA,. posttest
ranging from 0.89% to 2.76% [60-63]. In this study, it was
shown that HbA,. levels and HbA,. poor control differed
significantly across gender, with females in the intervention
group having a lower HbA . score and alower odds of HbA
poor control compared with their male counterparts. One
explanation relates to females being more attentive to SMS
messages[38]. However, such explanation requires confirmation
in future studies. On the other hand, in an Iragi study [57] and
asystematic review of 17 articles[64], changesin HbA . levels
following SMS intervention were not related to any of the
demographic factors including age, gender, and nationality.
Similarly, age was not associated with a decrease in HbA . in
our study’s intervention group, yet the odds of having HbA ;.
poor control decreased with age for both study groups.

Differencein Quality Indicators Across Setting

The logistic regression model revealed that participants living
inrural areas reported lower odds of BP control compared with
patientsliving in refugee campsin both study groups. Thiswas
aso apparent in the linear regression model, where the means
SBP and DBP were higher among participantsin rural areas as
compared with their refugee camps counterparts. In contrast,
patients living in rural areas had a lower HbA,. score in
intervention group and were also at higher odds of conforming
to HbA ;. testing guidelines in both study groups as compared
with Palestinian refugee camps participants. The fact that the
improvement in diabetes and HTN quality indicators do not
align across the two settings flags an improvement opportunity
in the mHealth program design and in the NCD care
configurations across the two settings. It also highlights an
opportunity for learning across the two settings. The fact that
BP control was better among patients living in refugee camps
in both study groups might reflect the role of the UNRWA's
NCD program integrated in theintervention and control centers
and entailing primary, secondary, and tertiary NCDSs' prevention
[10]. The presence of such a program at UNRWA may have
enhanced the effectiveness of the mHealth interventions and
facilitated improved access to services. However, as our study
revedls, further efforts are needed to improve diabetes prevention
and care for Palestinian refugees in regards to improving their
glycemic control and treatment compliance [65]. Furthermore,
thefinding that patients’ conforming to HbA ;. testing guidelines
was better among patientsfrom rural areasin both study groups
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echoes that the MOPH NCD program was more effective in
diabetes management and control as compared with HTN [66].
The presence of an advanced diabetes control program may
have enhanced the effectiveness of the mHealth interventions
employed in this study. Our study reveals that the success and
effectiveness of mHealth interventions is contingent on the
service configurations and care programs employed at PHCCs.
Despite the best efforts of the research team to ensure
comparabl e service configuration at both rural PHCCsand those
at UNRWA refugee camps, it appears that the maturity of the
existing programs and the service configurations at each setting
played an important role in the care outcomes at the end of the
study. This underlines the importance of employing integrative
approaches of diseases prevention and control inwhich existing
NCD programs in underserved communities (ie, rural and
refugee camps settings) are coupled with innovative approaches
such as mHealth to provide an amplified effect of traditional
NCD-targeted care.

Changesin Smoking Habits

Our study revealed an unremarkable and insignificant reduction
in the proportion of smokersin intervention and control groups
after a 1-year SMS intervention. This is in agreement with a
study that showed that lifestyle behaviors such as smoking were
not modified throughout the self-care education intervention
whether via SMS, pamphlets or face-to-face meetings [36].
However, our finding isin contrast with other studies carried
out in Iran, United Kingdom, and New Zealand [63,67,68], the
three of which revealed a significant positive modification in
smoking cessation in the intervention group based on SMSs.
mHealth has the potentia to support smoking cessation,
especialy when considered as an add-on to other smoking
cessation services [67,69]. This again reveals that a successful
mHealth program is contingent on the presence of other
programs to support the creation of successful and sustainable
change in behavior. Yet, it is worth mentioning that achieving
actual changes in smoking habits and attaining smoking
cessation necessitate employing integrated theoretical models
of health behavioral change to design effective health behavior
interventions. Such models recognize that behavioral changeis
dependent on a number of factors that are necessary for it to
take place [70]. These factors include the individual’s strong
intention to perform this behavior; having necessary information,
skills, and capahilities required to actually perform it; and is
not faced by any environmental constraintsthat may hinder the
behaviora performance[70]. Although our mHealth intervention
may have supported one of these factorstoward the achievement
of changes in smoking habits, it may have not interfered with
other factorsthat are necessary to addressto witnessasignificant
and sustainable change.

Changesin Patients Utilization of Primary Care
Services
In this study, targeted SMSs for reminders did not generate a

clear intervention effect on patients’ utilization of primary care
services, as well as their compliance with visits for HbA .

testing, eye check-ups, and foot exams. Both bivariate and
multivariate analyses revealed that access for annual HbA ;.

testing increased significantly in both the intervention and
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control groups. This can be explained by the initiatives of the
MOPH and UNRWA's NCD programs aiming at the early
detection of NCDs, proper management of these diseases, and
the promotion of health awarenessin al MOPH and UNRWA
centers. However, the results of this study’s Qlsreveal that these
effortswere translated into measurement but not into outcomes,
except for theintervention group where patients were receiving
SM S messages. Furthermore, intervention bias could havetaken
place because QI collectors at PHCCs were aware of data
collection post intervention. As a matter of fact, the increased
percentage of recorded dates of visits to PHCCs for HbA .
testing in both the control and intervention groups may be the
result of improved documentation rather than an actual enhanced
access to PHC services. Nonetheless, clinical measurements of
Qls, such as HbA . levels, as well as SBP and DBP levels,
reflect the general centers' performance asthey represent actual
results rather than recorded dates. In addition, age was found
to be statistically associated with annual HbA . testing for the
intervention group, reflecting a better compliance. Similarly,
in New Jersey, ol der age seemed to have contributed to enhanced
access to health services as older individuals may have
conditionswhich necessitate a closer follow-upin PHCCs[71].

Studies have shown that SM Sreminders considerably ameliorate
the prospect of attending clinical appointments in genera
[33,72,73]. However, thereisanotable gap in theliterature with
regard to whether SM S reminders sent to patients’ mobiles are
successful and effective in decreasing nonattendance and
increasing compliance to eye check-ups and foot exams among
diabetic and hypertensive patients. In this study, there was a
decrease in the access for annual eye check-up and foot exam
among patientsin both groups, in the posttest as compared with
the pretest. This decrease was significant only for annual eye
check-up among both hypertensive and diabetic patients.
Intervention and control PHCCs assured that the same
ophthalmologists are still providing eye care in these centers,
and none of them quitted. Yet, the decrease in the access for
annual eye check-up and foot exam can be explained by the
considerable strain that the Syrian refugee influx in Lebanon is
putting on host communities and on the resources in PHCCs.
Consequently, the demand for chronic diseases care has
increased dramatically leading to long waiting timesin PHCCs
and causing providers to practice in more than one center.
Hence, L ebanese patients are adversely affected by an increased
competition for accessing services. Although this was less
evident in the general care for chronic diseases because of the
presence of agood number of providers, competition for services
was more pronounced in referral to specialist careasinthe case
of ophthalmologistsastheir numbersin rural and refugee camps
isquite limited.

Additional efforts should be made from the providers' side to
underscore the importance of improved patients' compliance
with visits for HbA . testing, eye check-ups, and foot exams.
Providers are encouraged to utilize the integrated online
modules, one of this study’s provider-side eHealth tools,
especialy the provider-patient communication strategies to
focus on the importance of increasing compliance. Conveying
face-to-face healthy information has a beneficia effect on
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adherence. Therefore, using SM Ssasareminder can come after
face-to-face education to support it [36,42].

Limitations

A number of limitations in this study are worth mentioning.
Data on age and gender of certain participants in both the
intervention and control groups were missing. In addition, the
study is characterized by itslarge sample size, which may have
led to statistical significance without necessarily a parallel
clinical or practical significance. Our results cannot be solely
attributed to our intervention; the presence of advanced NCD
programs at both the MOPH and UNRWA PHCC networks
may have biased the findings, especiadly in the cases where a
control site showed a significant change. Given that in some
casesthe ownersof the phone numbersto which the SMSswere
sent were not the patients themsel ves but rather family members,
theinterventional SM 'S messages may have not been transmitted
to their fina recipients (ie, patients) who are the target
population of our study.

Other limitations may be embedded in the design of the
intervention itself. For example, patients of low literacy level
may have not benefitted optimally from theintervention because
of adecreased capacity of understanding its content. Thus, it is
worth bringing to attention for future research the need for pilot
testing the SM'S text messages interventions with individuals
of low literacy level, using further simplified content of
messages, and more importantly coupling SM S text messages
with voice messages to enhance equitable access of illiterate
patients to the information shared [74].

Policy and Practice Recommendations

Findings from this study should be considered by decision
makers at the MOPH and the UNRWA, asthe employed eHealth
strategies, especially SMS messages, could be easly
implemented within the PHC context and adapted to suit all
diabetic and hypertensive patients across al centers. Given that
the proposed eHealth interventions stem from the needs of the
communities served, decision makers are advised to scale-up
and use mHealth as a strategy for improving access to PHC,
especially with the ongoing influx of Syrian refugees. However,
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decision makersare reminded to ensure the presence of adequate
NCD curative and preventive services to enhance the
effectiveness of mHealth programs. The study can also serve
as aguidance in the formulation of the national eHealth policy
in Lebanon. The findings should also be of interest to primary
care providers, who should be adequately trained on accessing
the proposed eHealth tools, while emphasizing to patients the
importance of SMSs as a method to increase awareness about
diseases and complianceto treatment. AsmHealthispromising
in delivering messagesto hard-to-reach popul ations, the findings
of this study may be applicableto similar contextsin theregion.

Conclusions

Given the potential benefits of mHealth, more specificaly
SM S-based health interventionsfor the management and control
of chronic conditions, its implementation in the EMR, and
specifically Lebanon, is crucid. In this study, the statistically
significant improvements in clinica measurements of
NCD-related Qls among diabetic and hypertensive patients in
L ebanese rural areas and Palestinian refugee camps reveal that
the employment of SMSsmay make adifferencein NCDscare.
The most pronounced effect was observed in improved BP
control, mean SBP, HbA ;. poor control, and mean HbA ;. among
patients who received weekly SMSsfor 1 year. Further studies
are needed to provide concrete evidence with regard to the
effectiveness and usefulness of reminder SMSs for improving
compliance and access to services in PHC centers. Future
research is also advisable on patients perceptions and views
on the acceptability and utility of the SMS service, as well as
providers' attitudes and barrierstoward the full implementation
of clinical guidelines. A separate analysis of different activities
using this project’seHealth interventionsis currently underway
with promising results. mHesalth is a simple and a socially
acceptable technique that can be integrated into routine care at
alow cost. As maobile phones are widely accessible across the
globe, including hard to reach and underserved popul ations, the
need is underscored for additional studies to provide evidence
on the utility of SM S-based health interventions and their impact
on the care of underserved individuals and communities.
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Abstract

Background: In HIV treatment program, gaps in the “cascade of care” where patients are lost between diagnosis, laboratory
evaluation, treatment initiation, and retention in HIV care, is a well-described challenge. Growing access to internet-enabled
mobile phones has led to an interest in using the technology to improve patient engagement with health care.

Objective: The objectives of thistrial were: (1) to assess whether a mobile phone—enabled app could provide HIV patients with
laboratory test results, (2) to better understand the implementation of such an intervention, and (3) to determine app effectiveness
in improving linkage to HIV care after diagnosis.

Methods: We developed and tested an app through a randomized controlled trial carried out in several primary health care
facilitiesin Johannesburg. Newly diagnosed HIV-positive patients were screened, recruited, and randomized into thetrial asthey
were giving ablood sample for initial CD4 staging. Trial eligibility included ownership of a phone compatible with the app and
accessto theinternet. Trial participants were followed for aminimum of eight monthsto determine linkageto HIV careindicated
by an HIV-related laboratory test result.

Results. The tria outcome results are being prepared for publication, but here we describe the significant operational and
technological lessons provided by the implementation. Android was identified as the most suitable operating system for the app,
due to Android functionality and communication characteristics. Android also had the most significant market share of all
smartphone operating systems in South Africa. The app was successfully developed with laboratory results sent to personal
smartphones. However, given thetrial requirements and the app itself, only 10% of screened HIV patients successfully enrolled.
We report on issues such as patient eligibility, app testing in a dynamic phone market, software installation and compatibility,
safeidentification of patients, linkage of laboratory resultsto patients lacking unique identifiers, and present lessons and potential
solutions.

Conclusions: The implementation challenges and lessons of thistrial may assist future similar mHealth interventionsto avoid
some of the pitfalls. Ensuring sufficient expertise and understanding of the programmatic needs by the software developer, as
well as in the implementation team, with adequate and rapid piloting within the target groups, could have led to better trial
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recruitment. However, the majority of screened patients were interested in the study, and the app was installed successfully in
patients with suitable smartphones, suggesting that this may be away to engage patients with their health care datain future.

Trial Registration: ClinicaTrials.gov NCT02756949; https.//clinicaltrials.gov/ct2/show/NCT02756949 (Archived by WebCite

at http://lwww.webcitation.org/6z21GTJIJCNW)

(JMIR Mhealth Uhealth 2018;6(7):€155) doi:10.2196/mhealth.8376

KEYWORDS

cell phones; app; Africa; linkage to care; HIV; patient information

Introduction

Joint United Nations Programme on HIVV/AIDS (UNAIDS) and
World Health Organi zation have driven the “ 90-90-90” initiative
since 2015, to maximize the impact of expanded antiretroviral
therapy (ART) coverage for both individual heath and for
decreasing new infections among the population. The initiative
callsfor 90% of HIV positive people to know their status, 90%
of those who are eligible for ART to be initiated on ART, and
90% of those on ART to maintain viral suppression [1].

The HIV care cascade shows significant patient attrition
between HIV diagnosisand entry into HIV care[2]. Thismeans
delayed access to ART, with avoidable illness and mortality,
aswell as unnecessary transmission of the virus. Interventions
have been tested to decrease this attrition, most involving
expediting HIV or CD4 (cluster of differentiation) T-cell staging
results by health workers [3]. In a 2015 cohort study in South
African primary hedth care facilities, only 64% of persons
newly diagnosed with HIV who had been assessed for CD4
staging returned to the clinic for the CD4 result [4]. Improved
access to the point of care CD4 counts, widely anticipated to
increase linkage to HIV care, has yielded limited success,
suggesting that other types of interventions are required, [5]
including interventions for patient empowerment and better
patient involvement in their own care.

Interest in using cell phones to facilitate health care has
increased in recent years in Africa, due to high levels of cell
phone ownership [6]. Recent evidence using short message
service (SMS) text messaging showed modest adherence benefits
[7,8,9]. Mobile apps on “smart” mobile phones, have become
amagjor part of people'slives, from providing simple access to
information (eg, Google), Globa Positioning System (GPS)
tracking and engagement with services (eg, Uber), to banking
(eg, al South African banks), social media (eg, Facebook), and
instant messaging (eg, WhatsA pp). We are unaware of any study
that has used a mobile phone app to link HIV positive patients
to care.

We conducted a randomized controlled trial in multiple
Johannesburg HIV testing sites, recruiting between October
2015 and June 2016 and following up till February 2017, to test
whether providing newly diagnosed HIV patients their
laboratory results and supporting information securely on their
mobile phones, viaan app, would improve linkageto HIV care
[10]. This article reflects on the significant operational
challenges in the project, including data linkage, software
design, tria digibility, interoperability of systemsand devices,
and general management and delivery of the intervention. The

http://mhealth.jmir.org/2018/7/e155/

results on whether the intervention was effective in improving
linkage to care will be published as soon as they become
available.

Methods

Setting

South Africa has the world's largest number of people living
with HIV, with antiretroviral care provided freely through the
state sector to over 3.5 million people [11]. The country has
formal HIV testing, staging (CD4) and care guidelines, followed
by al public health facilities, with aNational Health Laboratory
System (NHLYS) providing laboratory testing for the majority
of South Africans, including for theHIV program[12,13]. HIV
testing islargely facility-based and conducted by lay counselors,
with blood drawn for a CD4 count test after a positive HIV
diagnosis is made and the patient told to return to a health
facility. Around 350,000 people annualy are started on ART
in South Africa[11].

Thetria was conducted by Wits Reproductive Health and HIV
Ingtitute, an academic research and program implementation
organization, in partnership with the NHL S and the World Bank,
in public sector clinics and hospitalsin inner-city Johannesburg,
a densely populated urban area with a well-established HIV
testing and ART program. This inner-city location is an area
with significant levels of immigration, unemployment, alcohol
abuse, sex work, poverty, and gender violence. We were
specifically interested in sampling young people between the
age of 18 and 30 years and men, representing two key groups
under-represented in South African treatment program, and with
poorer linkage to care [1,11].

M obile Phone Variety, App Design, and Data Linkage

A preliminary assessment conducted from March-April 2015
at thelargest recruitment site found 160/373 (42.9%) of patients
had mobile phones, which matches the reported national data
statistics of 35%-50% [13]. Apps have to be designed for
different operating systems or “platforms’ (eg, Android, iOS).
It'san evolving areaas phone manufacturers upgrade and move
between platforms. The locally popular Blackberry and Nokia
phones have recently switched to an Android platform and carry
different skills regarding development. The most common
mobile phone operating system from our formative research
phase of the trial was Android 67/158 (42.4%) followed by
Blackberry OS, Windows Phone, WebOS, Firefox OS and
Symbian, each with less than 20%. The iPhone ownership was
extremely low at 4/158 (2.5%). Similar results were shown in
asurvey done by the project team in early 2016 in the Eastern
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Cape, a far more rural province, where an even greater
proportion of patients had Android devices, probably as
Blackberry and Nokia by then had stopped making less
expensive mobile phones for the local market.

The decision to use the Android platform for the app
devel opment was based on several issues beyond Android-based
phones were the most common. Android functionality allowed
for third-party “push” notifications, had secure app-based data
transmission essential for laboratory results, both of which were
a key aspect of the intervention. Additionally, resource
congtraints did not alow for development of additional
platforms, most of which had been declining in popularity for
years.

Developing the app, which was called SmartLink, consisted of
selecting the necessary features for the study, creating the app
layout and the health content, combining the features and the
health content in the app layout, and conducting field testing.
The app devel oper was selected by an existing relationship and
was identified to be suitable for the task based on experience
with asimilar project involving interfacing an Android app with
NHL Slaboratory data. The devel oper was provided with auser
interface outline devel oped by the research team.

Venter et al

App content was created by HIV clinicians and an experienced
HIV psychosocial support team, who also included graphicsto
better convey information. The app was developed to be as
compact as possible, while also being interactive, dynamic and
informative for patients. Laboratory results were color-coded,
based on red-yellow-green traffic lights, to hel p patients quickly
understand their results. Images were used to split up larger
pieces of informational text, while also providing a visual
example of relevant topics (Figures 1 and 2). Development of
the app took approximately two and a half months including
field testing. Individualswithin the study team were used to test
installation of the app on Android cell phones. Members of a
community advisory group including some living with HIV
who use public health facilities tested the app for usability.

Although field testing was done, the final app was not placed
on Google Play Store, an access point for downloadable apps
for Android devices, due to possible disclosure issues. The app
would only be downloaded by confirmed HIV positive people;
this meant any software updates needed to be done manually
on individual phones, rather than through the Google Play app
store. SmartLink had afinal installation size of 12.5 MB and
intended to work on any version of Android version 4.2 or
higher and on any phonewith at least 350 MB of random access
memory (RAM).

Figure 1. Screenshots of the SmartLink app, showing the login procedure and illustrative home screen.
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Figure 2. Screenshots of the SmartLink app, illustrating the results format and an example of advice given.
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Free internet is available in selected public urban areas within
South Africa, but this varies widely regarding geography and
reliability and is often limited in speed and time. The vast
majority of internet users usetheir mobile phonewith aprepaid
system for data usage through their mobile network provider
and are acutely aware of the costs of usage. Within the app, all
reference material, images, and contact information are built in
theinitial download. For the study, SmartLink wasinstalled by
study staff from an Android install file and Wi-Fi donglewhich
allowed accessto theinstallation file at no cost to the participant.
This meant that app users only needed to download |aboratory
results, resulting in minimal data usage, which waskey for app
acceptability. Once installed, it was calculated that throughout
the year of the study, data transfer would cost the participant
less than 1 Rand (<US $0.10). Participants received a 50 Rand
(=US $4) phone credit at recruitment to ensure all app-related
costs were covered.

Intervention

Newly diagnosed HIV-positive patients were recruited to the
study by trained study staff at five local HIV testing sites, in
and around inner-city Johannesburg. Thetesting sites consisted
of three public health clinics, a provincial community health
center, and later in the study atertiary hospital. Inclusion criteria
were: being newly diagnosed with HIV, being alocal resident,
aged 18 yearsand ol der, not pregnant on the date of recruitment,
able to read English or isiZulu (ie, the most commonly used
local language), carrying a photo identification (ID) during
prescreening, and having a data-enabled mobile phone with
Android 4.2 or higher and sufficient RAM to alow app
installation, done during screening). Staff responsible for
recruitment were provided with training on the study protocols
and the use of Research Electronic Data Capture, a data
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collection and participant randomization system, on a tablet
device.

Eligible and consenting participants were randomized to either
the app intervention arm or the standard-of-care control arm of
the trial, where participants were simply referred to their local
ART initiation site where they could collect their CD4 result
and initiate treatment if needed. Simple socio-economic and
phone ownership datawere collected from all newly diagnosed
HIV patientsduring eligibility screening. Our statistical sample
size calculation suggested 1000 participantsin each arm would
give us sufficient power to evaluate the rates of linkage to HIV
care the two subgroups (ie, men and younger participants).

Project staff assisted participants randomized to the app arm
with theinstallation of SmartLink and shown how to view their
laboratory results and access HIV related support information.
At the time of enrolment, app use was relatively low in this
population, and may not be necessary today. The app was
accessible using a password and personal information number
(PIN) system, as used by the local banks, preventing access to
confidential information by third parties with access to the
phone; initial access to the app required the user to insert both
the password and the PIN while subsequent accessjust required
the PIN. The app was set up to communicate two laboratory
results, CD4 count and vira load, in simple language which
included the date and time, a visual colored-coded scale and
“normal” values, and a short explanation of what the result
means and what action, if any, should be taken. The app also
provided participants with access to information about HIV,
ART adherence, and laboratory testsin English and isiZulu.

At the time of the study (2015-2016), the South African CD4
ART initiation threshold was 500 cells/pl; after a positive HIV
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test, patients had a blood draw for CD4 staging and were told
toreturnfor theresult, and ART started based on the CD4 count
(<500 cellg/pl), clinical status, and treatment readiness. As part
of informed consent and regardless of study arm, al participants
wereinstructed to attend their clinicswithin the next few weeks
for a follow-up, as per the instructions given to them by the
clinic staff, and not ssmply wait for results on their phone for
theintervention arm.

The trial protocol obtained approval from the University of
Witwatersrand's Medical Human Research Ethics Committee,
the City of Johannesburg and Gauteng's Department of Health
at the provincia level and was registered in Clinical Trials.gov
(NCT02756949). All participants provided written informed
consent before enrolment.

Results

The study screened over 4500 patients at five HIV testing sites,
but only randomized 353/4537 (7.78%) participants. Therewere
some diverse challenges in implementing the study, which
significantly impacted on the speed with which the study was
implemented, as well asthe number of participants recruited.

Recruitment and Eligibility

In 2015, before the trial commenced, between 40 and 90 new
HIV cases were being identified daily [14]. Based on this, the

Table 1. Recruitment cascade with reasons for ineligibility.

Venter et al

study team estimated that three months of study recruitment
would be sufficient to meet the study sample requirement. For
example, 17 individuals recruited per day for three months for
atotal of 1000 participants across all study sites.

However, when we began the study in October 2015, the number
of new HIV caseshad dropped to 10-15 per day, and recruitment
was therefore compromised. This is likely due to the
introduction of decentralized testing to numerous surrounding
facilities at the time of the trial. To increase recruitment, the
protocol was changed to add a nearby busy HIV testing site at
the tertiary hospital, but the local site negotiation and
reapplication to regulators meant this site came on very late,
contributing only 24.9% (88/353) of the participants, and thus
could not compensate for the low absol ute recruitment number.

During study recruitment, from October 12, 2015, to June 17,
2016, 4537 individuals were identified as being HIV positive
(Table 1). Of those, 3540/4537 (78.02%) were willing to
participate in the trial, were aged over 18 years, could read
English or isiZulu, had aphoto ID to confirm their identity, and
had access to a mobile phone, with 754/3540 (21.30%) having
an Android mobile phone with data access. Approximately
1.92% (87/4537) of people could not participate asthey did not
read English or IsiZulu.

Characteristics

Participants, n (%)2

Prescreened (HIV-positive)
Declined participation
Under 18 yearsold
Pregnant
Cannot read English or isiZulu

No photo identification (before requirement removed on 17 December 2015)

Passed prescreening
Screened

No working phone

No active SIMP card
No android phone

Do not use data

Insufficient RAMC

Android version lower than 4.2
Passed screening
Randomized

Intervention (mobile app)

Standard of care (control)

4537 (100.0)
90 (2.0)

12 (0.3)

269 (5.9)

87 (1.9)

539 (11.9)
3540 (78.0)
3540 (100.0)
498 (14.1)
8(0.3)

2100 (59.3)
226 (6.4)

133(3.8)
222 (6.3)
353(10.0)
353 (100.0)
181 (51.3)
172 (48.7)

#Totals might not add to 100% due to decimal rounding.
BSIM: subscriber identification module.
®RAM: random access memory.
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Table 2. Reasonsfor initial refusal to enrol in study (N=90).

Venter et al

Reason n (%)
Not interested 30(33.7)
Not ready to discuss/disclose status 18 (20.2)
Inahurry 16 (18.0)
Sick and not ableto talk 6 (6.7)
Do not feel comfortable 5(5.6)
In denia 3(34)
Other 9(9.0)
Blank/missing reason 3(34)
Figure 3. Enrolment cascade (number of participants).
Enrolment cascade
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A proportion of trial candidates did not have a working phone
or active subscriber identification module (SIM) card (506/3540,
14.29%). Not having an Android mobile phone was the single
most important factor of ineligibility for the trial (2100/3540,
59.32%), and this was compounded by related factors such as
not having the correct Android version, adequate RAM or
mobile data (581/3540, 16.41%). A small number were not
willing to participatein the study, for thereasonslisted in Table
2. The enrolment cascade by age group and gender is shown in
Figure 3. Only 44/3540 (1.24%) young men were recruited, a
key target group for the study.

Photo | dentification

Enrolment inthe study initially required verification of identity
using photo | D dueto the concern that without photo ID it would
be difficult to verify the true identity of a person and therefore
there would be a risk of disclosing confidential |aboratory
information to the wrong person. However, aimost two thirds
(529/824, 64.2%) of the patients screened did not have a photo
ID at triad screening. Therequirement for photo 1D wastherefore
removed from the study eligibility criteria, with the consent of
the Human Research Ethics Committee on 17 December 2015.
To address the aforementioned disclosure concern the study
team manually checked the NHL S database for each participant
at the time of enrolment to ensure that the participant was new

http://mhealth.jmir.org/2018/7/e155/

RenderX

to the NHLS system and therefore would not have access to
confidential laboratory results of apotentially different person.
Accessto the NHL S database was limited to preauthorised study
personnel.

App Design and Mobile Phone Platforms

The projected percentage of Android phone ownership was as
anticipated through the life of the trial. However, the features
required by the final version of the app, including security
settings, limiting access, and live notifications sent to users,
required a relatively new version of Android that was not
supported by morethan athird (222/575, 38.6%) of the Android
phones our participants used, hampering €eligibility for trial
recruitment. The research project team met or spoke with the
developer on an almost weekly basis during the design,
implementation and analysis phase of the project. Many of the
concerns regarding the app only became apparent as the study
was being implemented, and capacity to rectify these were
limited by the project timelines. Some mobile phones, despite
being modern and supporting the up-to-date Android platform,
did not have adequate RAM to allow app installation (Table 2)
and we, therefore, had to exclude an additional 133/3540 (3.76
%) patients as aresult. RAM isan expensive part of the phone,
and cheaper smartphones had smaller levelsof RAM, aproblem
we did not anticipate. The next unexpected challenge was that
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the app, despite field testing from the devel oper on one type of
tablet, did not work on Android tablet devicesthat some patients
had, again limiting recruitment, although this only affected a
small number of trial candidates (n=15).

These problems were identified after the study had started. At
that time recruitment was already severely behind schedule and
the study team therefore elected to proceed with the study. As
previously mentioned, the app was not made available through
portals such as Google Play Store, asthe study was HIV-specific
and hence a download would have violated confidentiality
around diagnosis. The Play Store has compatibility checking
algorithms that are used before products are allowed to be
released through the platform; this would likely have made
explicit the app’s minimum requirements earlier and reduced
the number of issues we encountered. Without this check, the
study team had to make the developer aware each time a
problem was identified after the study was initiated.

Data Systems and | nteroper ability

A unique cross-facility patient identifier not available in the
clinic or NHLS's patient information systems. This meant that
the investigators had to create a method to keep track of trial
participantsand their [aboratory results across multiple databases
that did not communicate directly with each other. As aresult,
any single error in patient information collection and
transcription during recruitment, clinic blood specimen
collection or blood analysisled to difficultiesin identifying that
patient in the other databases. Throughout thetrial, data quality
processes were challenging because of the manual process of
searching for participant information in NHL S's TrakCare user
interface. The investigators found that 20.4% (72/353) of
participants who had initially been identified as lost to follow
up (ie, no follow up CD4 or vira load) using the laboratory
request datawhich includes names and birth dateswere actually
linked to care at 8 months post-recruitment when a manual
search of the NHLS database was conducted that included
variations of names and dates of births. The different NHLS
and research trial REDCap data systems all relied on positive
ID of individual patients but lacked aunique patient | D between
the systems.

Full interoperability for data exchange between the relevant
systems and devices could not be achieved during the trial. A
substantial number of participantsin thetrial arm did not receive
their laboratory data through SmartLink, despite the successful
installation of the app, and despite the data being available
within the NHLS database. We are till working with the
software designer to try to understand the causes of thisproblem.
While participants were verbally instructed during tria
enrolment to attend their clinics according to the standard South
African HIV care and treatment protocol that al newly
diagnosed patients receive and not simply wait for results on
their app, the fact that some results were not received via the
app does compromise the trial assessment of the effectiveness
of the app.

http://mhealth.jmir.org/2018/7/e155/
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Discussion

Principal Findings

A mobile phone-based intervention in urban South Africa till
excludes at least 40% of newly diagnosed persons living with
HIV simply based on the fact that they do not own or have
access to a mobile phone. This combined with other trial entry
requirements, such as needing to have Android 4.2 version or
higher, app installation space and data, and the lower number
of new HIV cases due to decreasing yield and decentralization
of HIV testing made meeting the sample size requirement a
challenge. In the end, lessthan 10% of people newly diagnosed
with HIV at the study siteswho were screened for thetrial were
enrolled in the study, although interest in participating in the
study was high, with only 90/4537 (1.98%) people approached
not wanting to join. Over 4500 new HIV cases were screened
for trial participation, but only 353/4537 (7.78%) could be
randomized. Of concern, the app only worked on more
expensive or newer mobile phones, disadvantaging poorer
patients.

Creating appsis complex and requires attention to an evolving
technological environment. The software developer selected
had aprior engagement with the NHL S and came recommended.
Degspite the fact that a number of the project team members
were experienced in working in mobile health (mHealth), only
one person, working within the NHLS, had experience in app
creation—a tuberculosis (TB) app used by nurses and
specifically designed for tablets, alowing for dynamic
notifications, scheduling future notifications and matching
patient data from two databases without a unique identifier.
Additionally, the software devel opment company that was hired
to create our app had much experience with databases but very
limited experience creating Android apps.

The team’sinexperience with working with studies centralized
around Android app—based interventions, aswell asthe difficulty
in the relationship with the devel oper, meant that there waslittle
ability to manoeuvre within the tight project timelines. This
lack of experience from the project and Android software
development teams likely contributed to the multiple
app-creation challenges encountered. Having independent
mechanisms to assess software development and technical
support to the process by more expert teams would have been
helpful.

Theimplications of these challenges are that any future similar
app design or upgrade has to take the different platforms and
phone operating systems into account, based on shifting
preference for different phones. At the moment, Android apps
have the maximum market share, and this was the platform we
elected to use. Additional advantages of Android systems are
that they alow for third-party push communication, their
security systems ensure secure transmission and viewing of
personal health data, and programming is easier compared to
other operating systems. SmartLink itself has the potential to
meet all these requirementsif done by an experienced Android
app developer.
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Table 3. Study challenges and solutions.

Venter et al

Challenges Potential solutions

Phone compatibility, dataavailability especidly e
for poorer participants and feasibility of imple-

mentation across databases .
Lack of app availability across platforms .

of implementation
Poor app development and testing .

Adequate compatibility testing
Enable innovative access to data (either access to free WIFI hotspots, or vouchers)
Pilot implementation adequately with the target group

Resources available for development across common platforms, if platforms differ at the time

Ensure sufficient expertise in app development and testing within the study team

« Implement “agile” software development approaches, including field testing on *’ entry-level”’
commonly used mobile phone
«  Useof access points (eg, Google Play Store) to quality check app

Manual installation of the app, with training .

Use of access points for easier downloads

«  Improve usability to minimize instruction

Recruitment speed .

Ensure majority of the target population are eligible, through ensuring entry restrictions are

minimized (data access, phone type, etc)
«  Piloting should be done mainly on atarget group, not proxies such as staff, advisory groups
or participants within existing clinics

Lack of photo identification of potentia study
participants .

Have alternative ways of registering patients against the database
Utilise future single patient identifiers that allow for cross-database identification

Given its functionality, SmartLink’s graphics and code could
be compressed to get the install size down to under 5 MB. This
isareasonable size of an app with the functions of SmartLink,
and the code could be optimized to lower the minimum RAM
requirements. Devel opers need to ensure that software used in
lower resourced settings can be used on older and less powerful
phones.

There was a lack of availability of photo ID. In future, if a
similar intervention isbeing rolled out, it is probable that some
verifiable ID will be required for people to have routine access
to their laboratory results. Educating health care clients that
they need to bring this form of 1D with them will be required
at scale. Ideally, aunique clinic ID that links to both the NHL S
database and the app would be available.

In line with the Department of Health’s mHealth Strategy and
National Adherence Guidelines, which advocatesfor the use of
cell phone technol ogy to improve patient experienceswith health
systems and adherence to medication and visit schedules, we
had planned to expand the use of the app beyond HIV testing
and linkageto care; initial expansion of the app was planned to
ART clinics, where patients are stable on ART, to communicate
routine monitoring results; in future, it was to be used to
communicate follow up actions and medication availability
[15,16]. There were also plans to extend the service to TB and
diabetic patients and increase the app’s functionality to allow
doctors and nurses at a clinic level to send messages to
individual patientsif laboratory results are unexpected. Finally,
we planned to use the app to support research participants,
allowing communication between the site and the participant,
possibly alowing us to assess self-testing devices used by
patientsto monitor their own chronic condition. Whileall these
aspirations still stand, the current app will require substantial
upgrading and operational testing before being deployedin such
avariety of situations.

http://mhealth.jmir.org/2018/7/e155/

A large number of operational issues encountered suggest that
far more care at a project management level and sufficient
software expertise are required before an expansion of this
approach to improving linkage to care (Table 3). The research
team is looking at new approaches that would be accessible to
agreater proportion of the population.

Conclusion

This study was trying to demonstrate something
fundamental—that empowering patientswith information would
lead to more engagement in care, not that a specific technology
works. Thefact that the technology and operational issueswere
significant obstacles meanswe were not ableto test our starting
hypothesis.

Formal conventional scientific studies that evaluate mHealth
interventions aiming to improve health outcomes suffer from
thefact that the design and execution of these studies often take
years, in an environment where changesin technology and social
media are often measured in months. This project was far more
complex than we anticipated, with multiple unanticipated
challenges. Only asmall minority of patientswere ableto access
our intervention; those without mobile phones were excluded,
and alternative methods may be required for these patients.

The importance of understanding health clients' needs and
preferences to design systems from a client perspective cannot
be overemphasi zed. Conducting market research among clients
with less access to health services and lower adherence should
be prioritized. Learning from commercial sector systems
especially mobile banking, which satisfy compliance standards
and are widely used across socio-economic strata, may also be
beneficial, as well as understanding the user experiences with
such systems. Gradually building a module based mHealth
system might work best, commencing with a component like
client accessto laboratory results, asin thistrial, and expanding

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [e155 | p.81
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Venter et a

to the challenging and interlinked areas of laboratory Mobile health approaches are exciting, with the potential to
results-dependent rescripting and drug refill schemes with  engage patientsintheir own carein away that’s unprecedented.
participating pharmacies and clinics. If functional, these could However, thereis substantial work to be done on how to do this
relieve pressure from clinics and make long-term treatment most effectively, and expertise in multiple areas of
more convenient to patients. implementation is required.
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Abstract

Background: Inappropriate feeding practices, inadequate nutrition knowledge, and insufficient access to food are major risk
factors for maternal and child undernutrition. There is evidence to suggest that the combination of cash transfer and nutrition
education improves child growth. However, a cost-effective ddlivery platform is needed to achieve complete, population-wide
coverage of these interventions.

Objective: This study aimed to assess the feasibility, acceptability, and perceived appropriateness of an intervention package
consisting of voi ce messaging, direct counseling, and unconditional cash transfersall on amobile platform for changing perceptions
on nutrition during pregnancy and the first year of a child'slife in apoor rural community in Bangladesh.

Methods: We conducted a mixed-methods pilot study. We recruited 340 pregnant or recently delivered, lactating women from
rural Bangladesh. Theintervention consisted of an unconditional cash transfer combined with nutrition counseling, both delivered
on amobile platform. The participants received a mobile phone and BDT 787 per month (US $10). We used a voice messaging
service to deliver nutrition-related messages. We provided additional nutrition counseling through a nutrition counselor from a
call center. We carried out cross-sectional surveys at baseline and at the end of the study, focus group discussions, and in-depth
interviews with participants and their family members.

Results: Approximately 89% (245/275) of participants reported that they were able to operate the mobile phones without much
trouble. Charging of the mobile handsets posed some challenges since only approximately 45% (124/275) households in our
study had electricity at home. Approximately 26% (72/275) women reported they had charged their mobile phones at their
neighbor’s house, while 34% (94/275) reported that they charged it at amarketplace. L essthan 10% (22/275) of women reported
difficulties understanding the voice messages or direct counseling through mobile phones, while only 3% (8/275) of women
reported they had some problems withdrawing cash from the mobile bank agent. Approximately 87% (236/275) women reported
spending the cash to purchase food for themselves and their children.

Conclusions: The nature of our study precludes any conclusion about the effectiveness of the intervention package. However,
the high coverage of our intervention and the positive feedback from the mothers were encouraging and support the feasibility,
acceptability, and appropriateness of this program. Further research is needed to determine the efficacy and cost-effectiveness of
mobile-based nutrition counseling and unconditional cash transfersin improving maternal and child nutrition in Bangladesh.

(JMIR Mhealth Uhealth 2018;6(7):€156) doi:10.2196/mhealth.8832
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Introduction

Maternal and child undernutrition remains one of the most
serious health problems in low- and middle-income countries
[1,2]. Maternal and child undernutrition together cause 35% of
child deaths annually [2,3]and account for approximately 11%
of disahility-adjusted life years lost each year globaly [3]. A
global review of childhood undernutrition in 2012 revealed that
Bangladesh was one of the top 20 countries, with a very high
prevalence of stunted growth among children [4].

In recent years, Bangladesh has achieved asignificant reduction
in maternal and child undernutrition [5]. However, persistent
socioeconomic inequality means that the overall prevalence of
undernutrition has increased [6]. A recent paper reported that
the prevalence of stunted growth is considerably higher in
children from lower socioeconomic households than children
from higher socioeconomic households [6]. Over the last two
decades, the government has made substantial investments in
the nutrition sector and implemented several large nutrition
programs|[7]. However, access and utilization of health services
are still determined by income, education, and other social
determinants of health, and frequently, the poor do not receive
desired benefits from such programs [8,9].

Behavioral risk factors at the household level including,
inappropriate maternal and infant feeding practices, insufficient
access to food, and poor water and sanitation facilities lead to
maternal and child undernutrition [3]. The current strategy of
counseling for improved maternal diets and appropriate infant
and young child feeding may not be enough to ensure reductions
inmaternal and child undernutrition without providing additional
resources to the family, especially in poor and food-insecure
households [10]. In Bangladesh and other low- and
middle-income countries, nutrition education and counseling
have been delivered in person by health workers and local
volunteers through community-based platforms [1]. However,
an insufficient number of health workers and low utilization of
antenatal care by women from lower socioeconomic households
challenges high-coverage delivery of nutrition education and
counseling, especially among poor households [5,7].

Mobile phones are useful tools for sharing information. There
iswide coverage of mobile phonesin Bangladesh. In 2017, the
number of active maobile phone subscribers in the country was
129.6 million [11]. With such high community penetration of
mobile phones, messages through interactive voice response
(IVR) systems or direct counseling via call centers could be a
viable solution for the dissemination of nutritional behavior
change messages in Bangladesh and other resource-poor
settings. Direct counseling over mabile phones can also reach
a larger population more cost-effectively than face-to-face
counseling [12,13].

Cash transfers are increasingly being used, in both
developmental and emergency contexts, to reduce poverty, to
improve accessto food and health and education outcomes. The
provision of conditional cash transfers to poor households
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positively impacts overall health [14] and nutrition outcomes
[15-17]. These programs can improve food consumption, food
security, and dietary diversity, all of which are part of the causal
pathway for child undernutrition. Compared to conditional cash
transfers, there has been less research on unconditional cash
transfers. However, a meta-analysis examining cash transfers
on nutrition outcomes found small but nonsignificant impacts
on height-for-age and also found that conditional programs had
similar effects on unconditional cash transfers [18]. The
argumentsin favor of unconditional cash transfer programsare
that the poor are rational actors and will invest some of their
cash transfer on nutrition and health. Some also say that
conditionality interferes with an individual’s right to choose
[19]. Cash transfer programs are often associated with high
administrative costs and require strong monitoring mechanisms
to avert fraud. These pose significant barriersfor implementing
such interventions in low-resource settings.

We envisaged that combining unconditional cash transferswith
mobile-based nutrition education and counseling would be a
cost-effective intervention for reducing maternal and child
undernutrition in poor househol ds, with the potential for scale-up
in Bangladesh and other resource-poor settings. This study
sought to assess the feasibility, acceptability, and perceived
appropriateness of an intervention package consisting of voice
messaging, direct counseling, and unconditional cash transfers,
all on amabile platform, for changing perceptions on nutrition
during pregnancy and the first year of a child’s life in a poor
rural community in Bangladesh.

Methods

Study Design

We conducted a mixed-methods pil ot study. The study received
approval from the research review committee and the ethical
review committee of the International Center for Diarrhed
Disease Research, Bangladesh (icddr,b). We obtained written
consent from al study participants before enrollment, household
surveys, and qualitative interviews. We conducted the study in
selected villages of two unions (local administrative unit) in
Kendua Upazilla (subdistrict) under the Netrokona district. We
purposively selected the villages and unions because of their
overall low socioeconomic conditions. During the study period,
more than 50% of the population was classified as poor and
approximately 35% were classified as extremely poor [16].
According to the Bangladesh Bureau of Statistics definition,
extremely poor households are those households whose total
expenditures are less than or equal to the lower poverty line,
which is commensurate with 1805 calories per person per day.
The poor are those householdswhose total expendituresare less
than or equal to the upper poverty line, which is commensurate
with 2125 calories per person per day [20]. The study health
workers made door-to-door visits across the study areacovering
5429 households and identified pregnant women or recently
delivered, lactating women. We recruited all women in our
study area who were pregnant or had had a birth in the last 6
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months and were currently lactating and expressed their
willingness to participate in the assessment procedures. We
followed up all participants for at least 6 months.

Brief Description of the Intervention

Free Mobile Phone

Once registered, each woman received a mobile phone
(Micromax X248 handset) with a standard connection from
Banglalink, one of the largest mobile connection providersin
the country. We also provided them with limited mobile credit
of BDT 70 per month (US $0.89) for approximately 10 callsto
the call center.

Prerecorded Mobile Voice Messages

We used life cycle stage-appropriate, prescheduled, voice
messages from an IVR system called “Aponjon” for nutrition
behavior change communication. Aponjon is a maobile-based
mHealth service for expecting and new mothersin Bangladesh
under the sponsorship of Mobile Alliance for Maternal Action.
The Ministry of Health and Family Welfare has approved the
content of Aponjon messagesfor wider distribution. A previous
study, which assessed the efficacy of Aponjon messages, found
no significant association between Aponjon messages and
maternal healthcare behaviors. However, the study had
inadequate power to detect any meaningful associations [21].
Aponjon covers topics like diet and care during pregnancy,
breastfeeding, complementary feeding, care during child
illnesses, and basic hygiene. We recorded all messages in
Bangla, using afemalevoice. Theduration of the messageswas
between 40 and 55 seconds. The Aponjon IVR system sent 2
Voice messages per week to every participant for 24 weeks.

Direct Nutrition Counseling Through Mobile Phones

Trained nutrition counselors also provided nutrition support
and information through a call center set up at theicddr,b. The
counselors made hiweekly calls to every participant for 24
weeks. The counselorslistened to the women’s experience with
their diet and feeding their children and offered suggestionsand
support. The call center provided nutrition-specific educational
messages to al participants, depending on the women's
gestational age or age of the child. The counselorsalso regularly
checked if the woman had been listening to and understood the
Voice messages sent to them through A ponjon, enquiring about
the last message sent to the mother during their biweekly calls.
Direct counseling focused on appropriate nutrition (amount of
food, frequency of food) for pregnant and lactating women,
exclusive breast feeding, complementary feeding, dietary
diversity, appropriate care, health care seeking in pregnancy,
hand washing, personal hygiene, sanitation, and other relevant
topics.

Unconditional Cash Transfer Through Mobile Banking

We planned cash transfersof BDT 787 per month (US $10) and
delivered them to the participants’ mobile phone. This amount
represents approximately 17% of the average monthly income
of the poorest 40% of rural households (approximately US $60
per month) [17]. Although we intended to make monthly
transfers, we disbursed the total cash amount in 3 installments
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over 6 months due to logistical issues. Cash was transferred
directly to the women's bKash, mobile bank accounts, which
greatly reduced the chance of illegal practices and aso
empowered the participating women. The study staff trained
the participants about basic phone maintenance, receiving and
listening to voice messages, and bK ash mobile banking.

Quantitative Data Collection

We used a single-arm experimental pre-post design. We
conducted the baseline survey before we delivered the
intervention. Then, after 8 months of implementing the
intervention, a further end-line survey was conducted. We
enrolled and interviewed 340 women in the pilot study during
the baseline survey. However, we were able to interview only
275 (81%) women at the end of the project, mainly due to
out-migration. We collected detail ed information on household
socioeconomic conditions, the use and usability of voice
messaging and direct counseling, perceptions of theimportance
and usefulness of nutrition education, willingness to pay for
such information services in future, understanding the content
and knowledge retention, expenditure patterns of the project
cash, compliance, barriers to mobile banking and nutrition
education, and other related topics.

Qualitative Data Collection

The qualitative study was conducted 8 months after the start of
theintervention, between February and March 2016. Qualitative
assessment included in-depth interviews, key informant
interviews, and focus group discussions (FGD). For the
qualitativeinterviews, we applied a purposive sampling strategy.
Table 1 describes the methods and number of participants in
the qualitative assessment. We developed separate
semistructured guidelines for each type of respondent to guide
the in-depth interviews and FGD. The guidelines were later
trandated into Bangla, in consultation with the local researchers,
and were pretested with pregnant women, men, and a key
informant. Based on the results of the pretest, the guidelines
were adjusted.

Data Analysis

Data captured during the househol d surveyswere analyzed using
Stata (StataCorp, 2015. Stata Statistical Software: Release 14.
College Station, TX: StataCorp LP). We mostly used frequency
analyses for all quantitative data. To measure the average time
or willingness to pay, we cal culated both the median and mean
with SD. We used principal components analysis to construct
awealth index from available information on assets. We used
information on ownership of household assets (such as TVs,
radios, bicycles, motorcycles/scooters, tables, chairs, and
wardrobes), housing materials (floor, wall, and roof materials),
accessto utilities (electricity, safe water, and clean energy), and
house and land ownership to construct the household wealth
index [22]. We later grouped the wealth index score into
quintiles, with quintile 1 representing the poorest segment of
the population and quintile 5, the wealthiest. To measure
household food security, we used the Household Food I nsecurity
Access Scale, developed by the Food and Nutrition Technical
Assistance Project [23].
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Table 1. Methods, numbers, and types of respondents for the qualitative information.

Method and type of respondent

Number (N=21)

In-depth interview
Enrolled pregnant women
Enrolled recently delivered mothers
Husbands of enrolled women
Focus group discussion

Mothers-in-law of enrolled women

For qualitative data, all interviews were recorded using digital
audio recorders. Audio recordings of all interviews and group
discussions were transcribed verbatim in Bangla, the local
language, by the research team. A qualitative expert (AA), who
speaks Bangla, randomly checked the transcriptions against the
audio recordings to ensure the quality of the interviews and
transcription. We conducted thematic coding based on the data
collection guidelines, but since our study was explorative, we
were open to including any important themes that emerged in
the transcript. We then discussed and summarized the text
supporting each thematic code and have presented the findings
using quotes and text tables.

Results

Quantitative Findings

Demographic Characteristics of the Women

We recruited 340 pregnant or recently delivered, lactating
women between March 2015 and April 2015. Table 2 presents
the baseline characteristics of all 340 participants who were
recruited in the study, as well as of the 275 participants for
whom we had compl ete information. Approximately half of the
women were 15-24 years old. About one-third of the women
had minimal education (ie, no education or incomplete primary
level) but approximately two-thirds had completed the primary
level of education. More than half of the women belonged to
food-insecure households, with one-fifth belonging to severely
food-insecure households. About 20% (65/340) of women were
lost to follow-up in the end-line survey due to out-migration.
However, we found no differences regarding sociodemographic
characteristics between women who migrated out and women
who remained in the study area.

Barriersto Using the Mobile Platform for Nutrition
Counseling and Cash Transfer

Approximately 11% (30/275) of the women reported that they
had faced some difficulty operating their mobile phones. Almost
half the participants either had to go to their neighbor’s house
or to amarketplace to charge their mobile phones. The median
time duration when a mobile phone was switched off due to a
dead battery was 2 days (Table 3).

Feasibility and Perceived Appropriateness of Nutrition
Education Through Mobile Voice Messaging

About 2 out of 3 women reported missing at least one voice
message from the Aponjon service over the 6-month study
period. The mean and median number of missed voice messages
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was 3.1 (SD 2.4) and 2.0, respectively. Most women cited
household responsibilities and dead batteries asthe main reasons
for failing to receive some of the voice message calls. Also,
about a third of the participants reported having difficulty
hearing the voice messages due to poor mobile network
connections. Approximately 96% (263/275) of women reported
that they did not know how to replay earlier messages they had
received. Most women had no difficulties understanding the
content of the messages. Nearly all of the mothers reported that
they found the messagesrel evant to the stage of their pregnancy
or the age of their child, and a similar percentage said the
amount of information provided in each message was
appropriate. They also found the frequency of messages (2 per
week) adequate for their needs (Table 4).

Feasibility and Perceived Appropriateness of Direct
Nutrition Counseling Through Mobile Phone

During the 6 month study period, the call center made a total
of 4290 attempts (daily average of 32) and was successful in
reaching the mothersin 81% (3475/4290) of cases. Each woman
was scheduled to receive at least 12 calls from the call center,
but approximately two-thirds of the women reported missing
at least 1 call. The mean and median number of missed calls
was 2.7 (SD 1.7) and 2 respectively. Being busy with household
chores was cited as the most common reason for missing calls
from the call center. About half of our participants reported
making at least one call to the counselor, and the mean number
of callsfrom the participantswas 2.5 (SD 1.5). Approximately
95% (221/232) of our participants reported that they were
satisfied with the counseling and the answers provided to their
queries. However, unlike the voice message service,
approximately 22% (60/275) of women said that biweekly calls
were not sufficient. Thewomen were asked to tell their preferred
medium for nutrition communication. Approximately 62%
(171/275) said they liked both communication channels, while
one-third of women said they preferred direct counseling (Table
5).

Feasibility and Acceptability of Cash Transfers Through
the Mobile Banking System

We also assessed the feasibility of transferring unconditional
cash through the bK ash mobile banking system. Morethan hal f
of the participants opened their bKash mobile bank account in
their name, while 35.6% (98/275) of the women had their
account in their husband’'s name (Table 6). The mean and
median number of days to open a bkash account was 7.5 (SD
8.9) and 6 days, respectively.
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Table 2. Characteristics of study participants at baseline and the end of the study.

Characteristic Baseline (n=340), n (%) End of study (n=275), n (%)
Age (years)
15-24 179 (52.9) 140 (50.9)
25-34 144 (42.4) 120 (43.6)
35-44 16 (4.7) 14 (5.1)
Women'’s education
No education 42 (12.4) 35(12.7)
Primary incomplete 84 (24.7) 69 (25.1)
Primary complete 59 (17.4) 49 (17.8)
Secondary incomplete 118 (34.7) 95 (34.5)
Secondary or higher 36 (10.6) 26 (9.5)
Husband’s education
No education 107 (31.5) 90 (32.7)
Primary incomplete 76 (22.4) 63 (22.9)
Primary complete 43 (12.7) 35(12.7)
Secondary incomplete 72 (21.2) 54 (19.6)
Secondary or higher 42 (12.4) 32(11.6)
Husband'’s occupation
Unskilled laborer 102 (30.0) 89 (32.4)
Skilled worker 59 (17.4) 47 (17.1)
Business/Trade 57 (16.8) 46 (16.7)
Service holder 41 (12.1) 28 (10.2)
Others 79(23.2) 64 (23.3)
Household wealth index
Poorest 69 (20.5) 58 (21.1)
Second 66 (19.6) 56 (20.4)
Middle 68(20.2) 56 (20.4)
Fourth 67 (19.90) 51 (18.5)
Richest 67 (19.9) 53(19.3)
Household had at |east one mobile 303 (89.1) 243 (88.4)
Household had electricity 158 (46.5) 124 (45.1)
Household food security
Secure 164 (48.7) 138 (50.2)
Mildly food-insecure 9(2.7) 5(1.8)
Moderately food-insecure 93 (27.6) 81 (29.5)
Severely food-insecure 71(21.1) 50 (18.2)
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Table 3. Barriersin using mobile platform for nutrition counseling and cash transfer (n=275).

Barrier n (%)

Quality of the mobile set

Very good 87 (31.6)
Good 140 (50.9)
Average 37 (13.4)
Not good 11 (4.0
Had difficulties receiving calls 16 (5.8)
Had difficulties making calls 30(10.9)
Place of mobile charging
Home 142 (51.64)
Neighbor’s house 72 (26.18)
Marketplace 94 (34.18)

Table 4. Feasibility and perceived appropriateness of nutrition education through mobile voice messaging (n=275).

\oice message outcomes n (%)
Received all voice messages® 101 (36.8)
Missed at least one voice message 173 (63.1)

Reasons for failing to receive voice mes%g&b

Was busy with household chores 119 (66.5)
Mobile was out of charge 60 (33.5)
Family members received messages (at |east once) 87 (32.8)
Had difficultiesin hearing the messages (at least once) 95 (34.7)
Due to poor network 86 (90.5)
Due to too much ambient noise 9(9.5)

Knew how to listen to an old message

Yes 11 (4.0)

No 263 (96.0)
Had difficulties understanding the messages (at |east once) 22 (8.0)
Received text message mistakenly (at least once) 30(10.9)
M essages were appropriate as per pregnancy and child age 265 (96.0)
The frequency of messages was appropriate 230 (78.8)
Amount of information in each message was appropriate 263 (96.0)

#The total number of voice messages was 48.
ba mong women who reported missing at least 1 message.
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Table5. Feasibility and perceived appropriateness of direct nutrition counseling through mobile phone (n=275).

Call center outcomes n (%)
Received all calls from the call center® 92 (33.4)
Ever missed any call from the call center 183 (66.5)
Reasons for failing to receive a voice message

Was busy with household chores 108 (59.0)

Mobile was out of charge 61 (33.3)
Other family members spoke to the counselor (at |east once) 80 (29.1)
Called the call center on her own (at least once) 151 (50.9)
Reasons for not calling the call center

Didn't feel the need 114 (84.5)

Satisfied with the counseling and response to queries 221 (95.2)
Counseling was appropriate as per pregnancy and child age 270(98.2)
Frequency of counseling was appropriate 215(78.2)
Direct counseling should be more frequent 60 (21.9)
Amount of information in each counseling was appropriate 270(98.2)
Preference for nutrition communication medium

\/oice messaging 14 (5.1)

Direct counseling from the call center 90 (32.7)

Both 171 (62.2)

#The total number of counseling calls was 12.

In amost two-thirds of cases the women's husbands were
responsible for collecting the money. The mean and median
times to go to the nearest bKash agent were approximately 24
(SD 14.7) and 20 minutes, respectively. Approximately 97%
(264/272) of the participants reported having faced no problem
withdrawing the money (Table 6). The mean and median times
between the debit and withdrawal of cash were approximately
4 days (SD 6.8) and 2 days, respectively.

Willingnessto Participate and Pay for Similar Services
in the Future

We asked the participants whether or not they would be
interested in receiving similar servicesin their next pregnancy
and if they would be willing to pay for such services.
Approximately 93% (255/275) and 92% (252/275) of thewomen
expressed their willingness to receive voice message services
and direct counseling in the future, respectively, and a similar
percentage of women showed their willingnessto pay and even
join using their own mobile phones. On average they were
willing to pay BDT 3 (US $0.04) for each voice message
(median) and BDT 5 (US $0.06) for each counseling (median)
call from the call center (Table 7).

Qualitative Findings

Several significant themes emerged from our analyses, reveaing
the feasibility and acceptability of our intervention. We have
illustrated the emergent themes with exemplary quotations.
Many of the qualitative findings supported the quantitative
findings presented above. Most participants referred to the voice

http://mhealth.jmir.org/2018/7/e156/

messaging asacall from “Daktar Apa” (Doctor Sister) and the
direct counseling from the call center as a call from “Pushti
Apa’ (Nutrition Sister).

Barriersto Operating Mobile Phones

Most participating women stated that they had no difficulties
operating their mabile phones, even though some of them had
no previous experience using mobile phones. Most women
reported that on only afew occasions, they failed to receive the
call, which supports our findings from the quantitative analysis.
Most participants identified household responsibilities as a
major factor related to missing calls. However, the majority
successfully overcome this barrier by implementing their own,
specific strategies, including organizing time and getting support
from their families.

| used to keep myself free and wait on Monday and
Wednesday around 8 in the morning for Daktar Apa’s
call (voice message). [A pregnant woman|

| told my mother about this program, and she would
always make surethat | never missacall. [A pregnant
woman]

Perceived Appropriateness of Voice Messaging and
Direct Counseling

Women and family membersfelt theinformation provided was
very important and beneficial for both mother and child. The
majority perceived that they learned many new things. Some
women believed they also experienced positive outcomes due
to thisintervention.
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Table 6. Feasibility and acceptability of cash transfer through mobile banking from the end of study survey (n=275).

Cash transfer and mobile banking outcomes n (%)
A mobile bank account in the participant’s name 150 (54.6)
A mobile bank account in the name of participant’s husband 98 (35.6)
A mobile bank account in the name of another family member 27 (9.8)
Difficulties understanding the cash transfer notification 73(24.91)
Reason for failing to understand the notification
Failed to read or understand the short message service (SMS) 37 (50.68)
Could not check the balance 34 (46.58)
Per son responsible for withdrawing the cash in the family
Husband 169 (61.5)
Self 70 (25.5)
Other family members 36 (13.0)
Main reasons for not going to withdraw cash by her self
Restriction from the family 97 (48.0)
Mobile agent office was too far 64 (31.7)
Did not know where to withdraw cash 34 (16.8)
No bank account on her name 19 (9.4)
Difficulties withdrawing cash 8(2.9)
Per son responsible for deciding how to spend the cash
Herself 165 (60.6)
Husband 56 (20.6)
Both 40 (14.7)
Expenditure pattern
Purchase food for mother and child 236 (86.8)
Purchased food for the family 42 (15.4)
Used for another family purpose 14 (5.2
Used to buy livestock 11 (4.0
Savings 44 (16.2)

Table 7. Willing to participate and pay for similar servicesin future from the end of study survey (n=275).

Willingness to participate and pay n (%)
Willing to receive nutrition education via voice message service in future 255(93.1)
Willing to pay for voice messaging 234 (91.8)
Amount to pay for voice message, mean (SD); median 5.3(6.5); 3.0
Willing to receive counseling via call center in future 252 (91.6)
Willing to pay for counseling 241 (95.6)
Amount to pay for each counseling, mean (SD); median 6.2 (6.1); 5.0
Willing to join similar services even if no phoneis given 251 (91.2)
Will use my old phone 108 (43.0)
Would buy a new phone 64 (25.5)
Husband’s phone 71(28.3)
Others 8(3.2
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My babu (child) used to throw-up everything after
feeding. Pushti Apa told me to tap on the back after
each feeding. Now he does not throw up anymore. [A
| actating woman]

Now;, | don’'t have to go to Netrokona (district town)
to seek consultations with doctors. Pushti Apa is
fulfilling all her needs over the telephone. [Husband
of a pregnant woman|

| used to be skinny; now | have gained weight. | have
eaten everything that they have advised meto eat. [A
pregnant woman|

The women understood the information provided through both
voice messaging and direct counseling. Almost all the women
reported that they did not have any problem understanding the
language, the accent of the recorded voice, or the voice of the
live counselor. The majority of women felt that both voice
messaging and direct counseling were delivered in an easy to
understand language.

| loved to listen to the messages, they spoke in such

a nice language. [A pregnant woman]
In response to the prompted question about the content of the
last voice message or counseling from a nutrition counselor,
the mgjority of women were ableto recall the message's content.

Daktar Apa told me (in the last call) that during
diarrhoea we should not stop feeding our children
and also continue the breastfeeding. They also told
us to give oral saline and another medicine. [A
| actating woman]

Daktar Apa told me not to use any oil or water on
newborn umbilicus. If the umbilicus (child’s) remain
wet after 15 days, we should go and see a doctor. [A
pregnant woman|
Regarding appropriateness of message frequency, the majority
felt 2 voice messages per week were sufficient, but the frequency
of callsfrom the call center was inadequate.

A call after 15 or 20 daysis sometimetoo late. There
was an occasion when my child was vomiting, but |
could not inform Apa (referring to the Counselor)
before another two weeks. [A lactating woman]

Preference Between Voice Messaging and Direct
Counseling

Most women and family members liked the combination of
voice messages and counseling by direct phone calls, and the
opportunity to call the nutrition counselor when needed. They
said each had a unique advantage. However, when asked to
choose the best communications channel the majority chose
direct counseling.

| liked the direct one (call), | could talk to Pushti Apa
and ask for her adviceif | have any problemwith my
child. [A lactating woman]

| liked the direct call better; sometimes my wife
doesn’'t understand the voice message. [Husband of
alactating woman|

http://mhealth.jmir.org/2018/7/e156/
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But, there were a few participants who preferred the voice
messages as they contained a wider range of topics and more
detailed information.

The one that comes twice a week (voice message) is
more useful. It provides information on different
subjects. [A lactating woman]

Barriersto Using Mobile Banking

Most women reported that the process of opening a bKash
account was not complicated. However, the mandatory
requirement of showing anational ID as a proof of identity did
provide a barrier for some women.

My mother-in-law opened the bKash account for me,
and she used my sister-in-law’sNID card as| had no
NID card at that time. [A pregnant woman]

In most cases, the participant’s husband went to the bK ash agent
to withdraw the mobile money. The majority said during
pregnancy or immediately after childbirth, it is not customary
for awoman to go outside, especially to the marketplace, which
is far from the house. Also due to the women's physical
conditions, it might have been difficult to walk for long
distances.

Use of Cash

Our findings revealed that for most families the cash received
from the project was used for purchasing food, and on some
occasions for treatments or medicines. The majority of women
said they bought fruit, milk, eggs, vegetables, iron or calcium
supplements, and suji (semolina) for themselves or their
children, as advised by the nutrition counselor.

My husband bought me five egg-laying chickens. |
can now eat eggs every day. [A pregnant woman]

She used most of the money for herself like she bought
banana, milk, and eggs for her. [Husband of a
pregnant woman|

A few families al'so used some of the money for other urgent
needs, such ashealth carefor their ill child and ill-mother. Some
women invested some of the money in income-generating
activities, such as buying poultry or saving money.

I have enough food in my house, so | spent the money
for buying medicines and other household items. [A
participating woman]

| have saved around 1000 taka (US $12) and bought
some poultries. [A participating woman]

| consider the cash asa saving; if | can’t manage to
get something for her from my own income, | will use
the cash from the project. [Husband of a pregnant
woman]

I nvolvement of the Family

There was provision for providing a second number to the
Aponjon voice message system, and many women provided
their husband’'s mobile number as the secondary number.
However, very few of them reported receiving any voice
messages on the secondary number. Some of the pregnant and
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lactating women tried to engage other family members in
listening to the messages on their own.

My father-in-law, mother-in-law, sister-in-law — all
appreciated this project. They are from old days and
didn't know a lot of things. They also have learnt
many things from Daktar and Pushti Apa. [A lactating
woman]

| have learnt that my “abu” (grandchild) requires
more nutritious food. It isimportant that we give him
green leafy vegetables, chicken liver, khichuri (rice
and lentil mixture). We didn’t know much about the
importance of these foods. [Mother-in-law of a
|actating woman]

Our findings revealed widespread cooperation from the
participating women’'s husbands, who contributed to the
decision-making regarding the spending of the money. No
women reported any problems in using the money as they
intended.

Since the family belongs to both husband and wife, it
is wise to take decision together and spend
accordingly. [A lactating woman)]

Discussion

We found that our intervention of using mobile phones for
nutrition counseling and cash transfer was a feasible and
acceptable option for changing perceptions on nutrition during
pregnancy and thefirst year of achild’slife among low-income
familiesinrural Bangladesh. Thewomenintherural community
found that this intervention was appropriate given their needs.
Their willingness to participate and pay for the services further
supportsthe acceptability of our intervention. Thewomen were
interested both in listening to the voice messages and in
interacting with the nutrition counselor, which indicates that
the combination of structured voice messaging and direct phone
counseling could be the most effective communication strategy.

The current study also highlights the potential reach of
mobile-based nutrition interventions in resource-constrained
environments. Despite recruiting our study participants from a
poor community and with one-third of our participants having
no education or minimal education, we found that only a few
of the study participants faced barriers to the use of mobile
phones. Poor network or lack of mobile signal posed some
difficultiesin transmitting voice messages. However, themaobile
networks in Bangladesh have grown significantly over recent
years. Bangladesh currently has over 130 million mobile
subscribers. Currently, mobile networks cover more than 99%
of the country. Charging of the mobile phone also posed a
barrier since amost half of the families did not have electricity
at home. But most families were able to find a solution either
by charging the phone at aneighbor’s house or taking the phone
to the marketplace where there were commercial outlets for
mobile charging.

We aso found that cash transfer through the mobile banking
system was afeasible means of distributing cash. Inthe mgjority
of cases, women opened the account in their names. However,
due to cultural and physical barriers (eg, distance) husbands
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were primarily responsible for withdrawing the money. The
majority of the participants reported having faced no problem
withdrawing the money. Regarding the use of cash, our study
reported that one of the highest priorities for low-income
families was purchasing food, although some families used the
money for other urgent needs, such as healthcare for their ill
child. Women from poor, but slightly better off, familiestended
to save some money to meet future needs or invest in
income-generating activities, such as buying chickens.

Our results should be interpreted in the light of some of the
limitations of our study. First, we used an existing voice
messaging service, which was primarily developed for maternal
health. However, we mitigated this by focusing on nutrition
during the direct counseling. Second, we could not disbursethe
cash monthly as originally planned. There were some delaysin
the disbursement. lcddr,b is a research organization and not
structured as a service-providing organization. There was no
system in place to ensure regular monthly payments to alarge
number of participants outside the organization. Thisisunlikely
to happen in program settings with organizations that have
appropriate financial systems and experience to make regular
cash transfer payments. The reduced frequency might have
reduced the barriers; for example, it would have been a much
higher opportunity cost for the familiesif they had to withdraw
the money every month. Also, we do not know if the use of the
cash would have been different if they received monthly
payments, as originally planned. Third, the follow-up rate was
not very high. We failed to follow up with 20% of the study
participants at the end of the study. However, we did not find
any differences between women who migrated from our study
area and women who continued to reside there. Finally, in this
study we did not aim to compare mobile counseling versus
face-to-face counseling or to assesstheimpact of the of different
communication strategies, and hence, there was no comparison

group.

In Bangladesh, the government and different development
organizations are showing strong interest in using nutrition
counseling and cash transfer astoolsto fight maternal and child
undernutrition. Since we originally developed the concept of
cash and counseling on amobile platform, thereis new evidence
from Bangladesh supporting the combination of counseling and
cash transfer as an intervention to reduce child undernutrition.
A recently completed cluster-randomized controlled trial in
rural Bangladesh, which followed the participantsfor 24 months,
reported that the combination of cash transfers and nutrition
behavior change communication decreased the rate of stunted
growth by 7.3 percentage points, which is aimost three times
the average national decline [24]. The Government of
Bangladesh, with assistance from World Bank, has recently
launched a large program (Income Support Program for the
Poorest, 1SPP), which aims to reach 600,000 of the poorest
households across Bangladesh with an objective to reduce
poverty and improve child nutrition. The program will provide
cash to the mothers, on the condition that they attend school
and monthly nutrition sessions for mothers, including growth
monitoring of the children [25]. However, a key limitation of
theseinterventionsistheintensity and level of human resources
needed for face-to-face nutrition counseling, which makes it
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unlikely to be translated into large-scale programs. Also, most
of the programs in Bangladesh, and elsawhere, especially in
Latin America, use conditionsfor the cash transfer. The common
conditions used in the programsinclude medical check-upsand
school attendance [26-31]. However, health conditions only
work best where the health system isready to cater to the needs
of an additional population who otherwisewould not have come
to the health center. With high community penetration of mobile
phones, nutrition communication on maobile platformsis one of
the most viable solutions for attaining high coverage for many
low- and middle-income countries.  Mobile-based
communications can reach alarger popul ation and help maintain
the standard of counseling with simpler monitoring mechanisms
[32]. Our pilot intervention of providing nutrition counseling
through mobile platform thus provides an aternative approach
that has the potential for upscale to reach across the country.

In Bangladesh, most cash transfer programs hand out cash
directly to participants. In the | SPP program, the participating
mothers will receive cash transfers into their post office
accounts. We used mobile banking to disburse cash in our
project. Mobile banking has been found to play a key role in
financial inclusivenessfor low-valuetransactions. Use of mobile
cash transfers significantly reduces the costs to participants for
obtaining the cash transfers and al so reduces the implementing
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agency’s variable implementation costs [33]. In Bangladesh,
mobile financial services are increasingly used across the
country, and the daily transaction amount across all maobile
banks was over BDT 47 million (US $603,000) in 2015 [34].

Although there is a great deal of interest and excitement
surrounding nutrition counseling and cash transfer in
Bangladesh, there is insufficient evidence documenting their
effectiveness. Using the lessons learned in the pilot study for
establishing a mobile-based system to send voice messages,
provide direct counseling, and deliver cash transfer, we now
plan to investigate the impact of this intervention on stunted
growthin childrenin alarger randomized trial. We have already
developed one such large study using a cluster-randomized
controlled trial design where we aim to assess the effectiveness
of mobile phonesand nutrition behavior change communication,
combined with unconditional cash transfers, for reducing the
prevalence of stunted growth in children at 24 months. We will
commence this 4-year study in 2018. The proposed trial will
provide high-level evidence of the efficacy and
cost-effectiveness of mobile phones and nutrition behavior
change communication, combined with unconditional cash
transfers, in reducing child undernutrition in alow-income and
food-insecure population.
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Abstract

Background: Mobile health (mHealth) apps have recently demonstrated the potential to engage and empower peopleto improve
their own health. Although the availability of health-related appsisincreasing, their adoption rate in Taiwan is exceptionally low
mainly dueto the preponderance of Western culture-based app designsthat are challenging for non-English-speaking individuals.
To our knowledge, no mHealth app is available in Taiwan that is culturally tailored for Chinese-speaking users and that applies
a patient-centered approach to self-manage medication and health.

Objective: The purpose of this study wasto design and deploy aculturally tailored mHealth system that could be easily integrated
into current clinical practice and to evaluate how this mHealth system could support the continuity of patient care in Taiwan.

Methods: An mHealth information system and a mobile app were designed. To promote the best patient experience, a Quick
Response (QR) code system was devel oped to enabl e efficient registration of personal medication information through the mobile
app. The app aso supported notifications for drug utilization, refills, and symptom checks. Patients were encouraged to record
medication use, symptoms, and sel f-assessmentsin the app during their treatment period. Eval uation of the novel mHealth system
was conducted from August 1, 2016 to December 31, 2016 at MacKay Memorial Hospital, Taipei, Taiwan. Population data and
app usage statistics were analyzed.

Results: During the 5--month implementation period, atotal of 25,909 users downloaded the app with an overall 7-day retention
rate of 15.4% (SD 3.9). Young male adults (range 25-44 years) were the predominant user population. Patients' feedback on app
usability and design, QR code system as drug input method, medication reminders, and linking family or friendsinto care networks
was generally positive. Physicians showed great interest in utilizing patient-generated datain their care process, and the positive
medication adherence rate was the most highly valued component of this system.

Conclusions: This pilot study demonstrated the value of a novel mHealth approach for individualized medication and health
management in Taiwan. The mHealth system shows the potential to optimize personalized careinto existing clinical servicesand
may help hospitals and health authorities perform continuous quality improvement and policy development.
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Introduction

In 2003, the World Health Organization (WHO) reported that
medication nonadherence was a global concern, especialy for
long-term therapies and resulted in increased morbidity [1],
mortality [2], and unnecessary medical expenditure [3]. In
Taiwan, unnecessary medical expenditure caused by medication
nonadherenceis a serious problem. A 2016 statistical report of
the Taiwan National Health Insurance Administration stated
that the average number of prescribed drugs per prescription of
each patient in Taiwan was 3.16, which was higher than that in
Western countries[4]. Approximately 25% of prescribed drugs
are not taken by patients (costing at least NT $30 hillion), and
2.6 tons of unused and expired drugs are discarded annually
[5]. These phenomena indicate that solving the problem of
medication nonadherence in Taiwan is acritical issue.

M edication nonadherence may be caused by patients’ intentional
or unintentional behaviors. Intentional nonadherence refers to
deciding not to take a medication based on the patient’s own
perceptions [6-8]. For instance, incomplete medication
knowledge may result in the fear of adverse side effectsand is
often the intentional reason for medication nonadherence. In
contrast, unintentional nonadherence means that the patient
intends to take a medication as prescribed but fails to do so
because of forgetfulness or carel essness. Patients’ demographic
and clinical characteristics, complicated regimens associated
with polypharmacy, and patient-physician interaction may cause
unintentional medication nonadherence[6-10]. For years, many
interventions such as reminders, counseling, reinforcement, or
education have been used to improve medication adherence by
changing patients’ behaviors[11,12]. Awarenessand appropriate
selection the elements of intentional and nonintentional
determinants for the target population are necessary for the
design and development of tailored solutions for medication
adherence.

Recently, the popularization of internet technology and mobile
health (mHealth) toolsfor public health or medical care purposes
have transformed human life significantly [13,14]. Short
message service text messages, sent by mobile phones using
reminder systems, have produced positive effects on medication
adherencein patients with chronic diseases and those requiring
health care services[15-17]. Studiesindicate that mHealth apps
have been widely applied in the medical management of patients
with cancer [18], diabetes [19,20], cardiovascular disease
[21,22], and other chronic diseases [23]. Although many
health-related apps are available in the market, the use of these
apps in Taiwan is low because most apps are designed based
on Western cultures. For instance, many medication apps,
including M edi Safe (M edisafe Project Ltd), DoseCast (Montuno
Software, LLC) and MyMeds (MyMeds, Inc), aim to help
patients improve their medication adherence [24]. However,
the English user interface of these apps poses a challenge for
non-English speaking users. The language barrier makes it

http://mhealth.jmir.org/2018/7/e154/

difficult for Chinese people to identify English drug names,
thus reducing their willingness to better understand personal
medications [25]. Also from a culture perspective, Chinese
patients less frequently use somatic symptom descriptions,
compared with Western patients, and instead use Yin-Yang
energy balanceto discussillness [26]. Compared with Western
patients, Chinese patients normally include family members as
important influencers in medical decision-making processes
[26]. To our knowledge, no app is available in Taiwan that is
culturally tailored for Chinese-speaking users and which
provides a patient-centered approach for persona health
self-management. The current mHealth Apps in Taiwan are
mainly used for operational purposes, such as appointment
scheduling, medication refill notification, patient queue
monitoring, and mobile payment [27].

The purpose of this study wasto deploy anovel mHealth system
that could help Chinese-speaking patients to self-manage their
medication and health and to understand how this mHealth
system could support the continuity of patient care in Taiwan.
The new system leverages cloud technologies to integrate with
existing hospital information systems and applies a
patient-centered design principle for culturaly tailoring to
Chinese people, with easy-to-use medication registration,
symptom tracking, drug information review, and quick health
self-assessment. This system also aims to facilitate the
coordination of care by seamless information sharing among
patients and families.

Methods

System Design and I nfor mational Framework of the
mHealth Solution

The mobile app was developed cooperatively by MacKay
Memorial Hospital (MMH), Taiwan, and HTC Corporation,
Taiwan, for useoniOS and Android platforms. Theinformation
structure and design of the mHedlth system is illustrated in
Figure 1. A simple Quick Response (QR) code system was
designed specifically to interoperate our mHealth cloud system
with the current hospital information system (HIS) in Taiwan.
Our medical prescription notes and drug packages for patients
routinely carry the information and posology of the prescribed
drugs. We integrated all this information into a QR code and
incorporated it into the present prescription notes and drug
packaging system so that personal medications could be easily
registered in the mobile app by simply scanning QR codes in
an offline environment. More information about prescription
drugs, including photos, side effects, and interaction cautions
can be synchronized with the hospital drug database, aslong as
the user’smobile phoneisonline. This2-step operational design
allowed rapid placement of new mHealth systems, to comply
with national safety and security regulations, without the need
to adjust existing HIS architecture. All usage data, including
medication utilization, symptoms, and drug-related behaviors,
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are stored in the cloud structured query language (SQL)
database. After registering the medications, userswere notified
when to take each medication. In addition to self-managing

Hsiehet a

medications, users can also share their actual medication
utilization status with family members and physicians.

Figure 1. Systemic architecture for the mHealth system. HIS: hospital information system, QR: Quick Response, SQL: structured query language.
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Introduction to the M abile App for Personal
Medication M anagement

The app features 3 main functions tailored for Chinese culture
that cover several determinants of medication adherence: (a)
medication self-management, (b) care circle, and (c) symptom
records and global self-assessment. The app operation procedure
isillustrated in detail in Figure 2a. At MMH, prescription notes
for chronic diseasesand all drug packaging are printed with QR
codesthat contain personal drug information, including thedrug
name, prescribing physician’s name, and dosage frequency and
duration of every drug. After scanning the QR code with the
app, al the above-mentioned information plus detailed
medication information in the Chinese language will be
immediately transmitted to the users’ mobile phones, and users
can share their data with their family or friends for mutual
support and better engagement, which may help to reduce the
intentional determinants of medication nonadherence (Figure
2b). To further eliminate the unintentional determinants of
medication adherence, the app aso provided a personal
notification function, according to the original prescription, as
amedication reminder to each user. For a patient’s medication
self-management, the system will establish daily, weekly, and
monthly statistical reports of each patient’s completion rates by
analyzing their medication utilization records (Figure 2c). In
addition, users were encouraged to record their symptoms or
discomforts, as well as global self-assessment, through a
user-friendly  interface design (Figure 2d). Global
self-assessment enables usersto quickly determinetheir degree
of current treatment outcomes using a 5-grade Likert scale as
aquantitative rating.
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Implementation of the Pilot Study

The deployment process of the system consisted of different
channels and activities in the hospital from August 1, 2016 to
December 31, 2016. First, for general users, the app wasinitially
launched through iOS and Google Play stores. However, we
realized that patients were the major target audiencein this pilot
study, and several promotional materials, including posters,
flyers, and videos, were widely distributed within MMH. Help
desks were also set up at several specific locations in the
hospital, such as the pharmacy and reception counter, where
in-house staff and project-recruited volunteers were able to
interact with patients and help them download and use the app.
Second, we promoted the system in some consultation rooms
and partnered with medical care providers to help deploy the
app at outpatient clinics. In this pilot study period, we selected
cardiology, cardiovascular surgery, and rheumatology clinics
as our target groups. The patients were encouraged to use the
app by their primary care physicians so that the physicians could
understand the patients’ medication usage reportson their return
visits. Third, for hospitalized patients from internal medicine
wards, instruction manuals and consultations were provided
before discharge so that they could then self-manage their
medications and to better bridge their care from in-hospital to
outpatient status.

Data Analysis

Collected Measures

Data of al participants from the pilot study were recorded by
computational backend. In our cloud, the SQL database used a
python framework (3.0) to automatically retrieve predefined
information from the cloud database. We collected the behavior,
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number, age, and gender of users, as well as the numbers of
drugs by scanning prescription note (batch) or drug packaging
(single) and count by browsing the information for each drug.
The 7-day active users were defined as those users who used

Hsiehet a

the app any time during the previous 7 days. Data were
automatically collected every week. The 7-day retention rate
was defined as the percentage of unique users who were till
using the app for 7 consecutive days after the first installation.

Figure 2. Screenshots of the (a) operation procedures for medication entry by the Quick Response (QR) code system, (b) care circle feature, (c) user

medication completion reports, and (d) symptom checker of the app.
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Analyses ks 90

IBM SPSS Statisticsversion 19 (IBM Corp, Armonk, NY, USA)
was used to analyze the data. The proportion of each scanned
drug was defined as the scanning counts of each drug divided
by the total scanning counts of al drugs. The completion rate
was defined as the doses of each medication that were taken by
the user divided by those of each medication prescribed by the
physician. The number of 7-day active users, number of daily
clicks per user, and 7-day retention rate are presented as mean
(SD). The datafor age, gender, and drugs were only accessible
from the Android platform. Feedback from the users of the
system, including Google star rating and comments, were also
assessed. Feedback taken by convenience sampling at outpatient
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Results

Evaluation of User Behaviors

The pilot test for evaluating the new mHealth system was
initially conducted at MMH from August 1, 2016 to December
31, 2016. A total of 25,909 users downloaded the app, and the
mean of 7-day active users over a 7-day interval during the
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implementation period ranged from aminimum of 253 (8; week
1, Aug 1-7) to a maximum of 638 (7; week 13, Oct 24-30)
people, with increasing numbers of users every week since
implementation (Figure 3a). | n addition to one underage person
(age<18years) who was not allowed to register the app, the age
distribution of the total user population was divided into 6
groups, including 18-24, 25-34, 35-44, 45-54, 55-64, and >65
years old. The percentages of age and gender distribution were
showed in Figure 3b. The demographic results demonstrated
that younger adults (range 25-44 years), especially males, were
the highest user population that engaged in the study in the
5-month implementation period at MMH.

The ways of registering medications were also investigated. In
the app system design, users could register their drugs by
scanning the QR code on the prescription note or drug
packaging. As shown in Figure 3c, based on statistical analysis
of the cumulative drug numbers scanned from the drug
packaging, the numbers ranged from a minimum of 118 (week
1, Aug 1-7) to amaximum of 703 (week 8, Sep 19-25). Based
on the scanning of prescription notes, the cumulative drug
numbers ranged from a minimum of 48 (week 18, Nov 28 to

http://mhealth.jmir.org/2018/7/e154/
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Dec 4) to amaximum of 712 (week 8, Sep 19-25). Thus, during
the implementation period, the number of drugs scanned from
drug packaging (single input, green bar) was higher than that
from the prescription notes (batch input, blue bar). Theseresults
indicated that the users preferred to scan the drug packaging as
ameans of registering their medicationsin the app, rather than
using the prescription notes.

Statistical analysisof browsing the drug screen, which included
drug pictures and detailed information, was used to initialy
assess whether the system could help users to enhance their
knowledge of medications. Medication information surfing
behavior via the app gradually increased over time, reaching
3445 times at the fifth month of the study (Figure 3c), which
suggested that more patients were familiar with the system as
a channel through which they could acquire their medication
knowledge. Of the 25,909 users, a 7-day retention rate of 15.4%
(SD 3.9) was observed during the implementation period.
Among daily active users, the counts of browsing the drug
screen per person, 0.13 (SD 0.15) times (data not shown), were
much lessthan daily total clicksin the app per person, 30.6 (SD
5.8) times.
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Figure3. (&) The cumulative user number and average of 7-day active users, (b) age and gender demographics, and (c) the cumulative count of browsing
drug information and the number of medication registration by scanning prescription notes or drug packaging during the 5-month pilot period illustrated

by 7-day interval (week).
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Evaluation of Feedback

The Google star rating of the app was 4.493 points out of 5,
over atotal of 64 reviews, and some of the comments from the
users are as follows:

It was very convenient that | could manage all the
drugs by scanning the QR codes on the prescription
note or drug packaging and was notified for each
scheduled drug without forgetting to take each
medication.

The App was a useful tool for me because | could
inquire about the function of my drugs and record my
symptoms when | was uncomfortable.

Feedback taken by convenience sampling from physicians at
hospital outpatient clinics was mostly positive. Physicians
generaly showed great interest in seeing the patients
medication usage reportsfor thefirst time, including medication

http://mhealth.jmir.org/2018/7/e154/

XSL-FO

RenderX

Single (drug bag)

completion rate, symptoms, and global self-assessment of the
patient at every return visit (formats of reports are shown in
step 9 of Figure 2a-C).

It does make me feel comfortable when my patient
tells me that he uses this software to remind him to
take medicine. And | know that the patient is engaged
and motivated by the intervention.

Seeing the patient in my clinic showing me the
software with the number of his personal medication
completion and symptom status really make me
understand my patients better.

Evaluation of Drug Registration

The counts of total medication accessed by scanning the
prescription notes or drug packaging were extracted from
computational backend. A total of 25,267 scanning countswere
analyzed using first-tier and second-tier drug categories based
on the American Hospital Formulary Service classification,

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |e154 | p.102
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

2017 edition, and the top 30 registered drugs are listed in
Multimedia Appendix 1. Drugs for chronic diseases, including
cardiovascular drugs (42.7%), hormones and synthetic
substitutes (18.8%), and central nervous system drugs (15.5%),
represented the three major drug categories among the top
registered drugs of the system (Figure 4a).

The medication usage status could be al so tracked and analyzed
by computational backend, and the top 10 drugs ranked by

Hsiehet a

completion rate are shown in Figure 4b and Multimedia
Appendix 2. Drugs for anti-infective agents, ophthalmic
preparations, gastrointestinal drugs, and antiallergic agents
showed the highest level of medication adherence, with
completion rates greater than 50%. It isinteresting that, although
the chronic disease medication was most highly registered, the
completion rate was low.

Figure4. (a) Categories of top 30 registered medications and (b) the top 10 drugs ranked by completion rate from the mHealth system in 5-month pilot

period.
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Discussion

Principal Findings

As the population ages and cost pressures increases, the health
care industry continues to face challenges and must find ways
to enhance the role of patients in the management of their
diseases. One of the ways by which patients can better manage
their disease is to adhere to their medication regimens. This
pilot study aimed to examine how to make patients familiar
with using anew mHealth app for their medical treatments and
to investigate the efficacy of integrating an mHealth system
into clinical practice at a Taiwan hospital. Our experience
suggests that the novel mHealth approach for personal
medication and health management in Taiwan is feasible and
that the mobile solution incorporating a QR code system and
an innovative 2-step system design can provide an integrative

http://mhealth.jmir.org/2018/7/e154/

RenderX

tool for engaging patients to encourage self-management.

Although many userswere recruited during theimplementation
period, we found that the 7-day retention rate of the new
mHealth app waslow, 15.4% (SD 3.9), compared with previous
randomized controlled trials for medication adherence [28,29].
Thismay be because our app wasinitially launched to the public
as afree download to participate in the pilot study, rather than
to perform arigorousclinical trial for aspecific population. The
finding is also consistent with previous studies showing that
frequent use of the app declined substantially within the first 2
months[30,31]. The high attrition rate for thisintervention may
reflect users’ interest in the novelty of the app, which declined
rapidly asthe novelty disappeared. Thelow 7-day retention rate
impliesthat human factors play an important rolein developing
abetter patient-centered mHealth app for better retention. Also,
awareness of the digital health experience was still low among
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usersin Taiwan, and more efforts are needed to establish greater
awareness and use of mHealth services.

In addition, the differences between daily counts of browsing
the drug screen per person, 0.13 (SD 0.15) times, and daily
clicksin the app per person, 30.6 (SD 5.8) times, demonstrated
that the users preferred to use notifications, symptom records,
global self-assessments, and statistical reports of completion
rates rather than the medication information. This suggests that
it isimperative we strengthen patients' knowledge of medication
in Taiwan.

In this study, younger adult males (range 25-44 years) were the
predominant population who volunteered to engage with the
app. Thisfinding is consistent with previous studies[30,32-34]
and demonstrates that younger adults are more likely to accept
mobile devices. Simultaneously, this finding also suggests that
a“digital divide” continues to exist between the genders, and
males are more engaged in using mobile technology than
females. Our findings also indicate that the demographic
characteristics of mobile technology in the United States and
Germany, as well asin Taiwan, follow similar trends [34,35].
Although elderly patients (>65 years) with chronic diseases are
typically considered to be a population who often needs
additional tools to address low medication adherence because
of their complicated comorbidities and polypharmacy, we
observed that in this pilot study, few elderly patients used the
mHealth app in Taiwan. Interestingly, previous studies
demonstrated differences between older adults and younger
adultsintheir perceptions, preferences, and adoption of maobile
technology [30,36,37]. The“Ambient Assisted Living Project”
reported that the older group of patients had very high
acceptance of 7-inch tablet computers used as a medication
management app [30,38]. Applying appropriate assistive devices
may be as important as devel oping well-designed mobile apps
for establishing an mHealth strategy for elderly patients.

Historically, several methods for measuring medication
adherence, such as pill counts, refill rates, patient self-reports,
biological and electronic monitoring, have been proposed
[39-41]. In this study, the Taiwanese population-based
medication usage behavior could be timely tracked for the first
time, and the results highlighted that the adherence to
medications for chronic diseases was relatively low. This
objective data has the potential to provide reference values for
quality improvement measures and policy development by
hospital and government administrations. Another advantage
of the new mHealth system isthat it allowed our patients to be
able to report the objective measures of their medication
adherence to health care providers. However, results of this
pilot study also showed fragmented completion rates of drug
usage, suggesting that even though users were notified by the
system, patients continued to forget to take medications and
some never even used the app. In addition to medication
administration reminders for patients, an alarm system may be
needed to integrate with current care circle design to ensure
patients medication intake by instantly alerting the members
of the care circle when the system detects that the patient was
not taking medication. Our results also suggest that the next
stage for improving the new mHealth system is to understand

http://mhealth.jmir.org/2018/7/e154/

Hsiehet a

how to engage Taiwanese patients to continue reporting their
medication utilization status and outcome measures.

Limitations and Solutions

During the 5-month implementation period, the pilot project
showed certain limitations worth discussing and resolving. First,
demographic results, including age and gender as well as the
drug categories ranked by completion rate, were only extracted
fromthe Android platform because our computational backend
had no access to extract the data from the iOS platform. We
tried to analyze the statistical numbers collected from the two
platforms separately and found that there was no significant
difference between the platforms, suggesting that the two
populations showed similar usage behaviors. However,
additional technical support isstill needed to solve thisproblem
in continuing updates of the new mHealth app.

Second, the patientstended to use the system in arepetitive way
(ie, drug packaging, single input) to register each drug instead
of registering al drugs just once (ie, prescription notes, batch
input). However, the QR codes were unclear because of blurry
prints, and creases caused medication registration in the app to
fall at arelatively high rate during the implementation period.
Therefore, QR codes must be printed on the prescription notes
not only for chronic diseases but also for other diseases, and
more promotion activities must be implemented to assist
patients. By encouraging patients to register their medications
through the prescription notes, we hope to avoid wasting time
and reduce registration failures.

Third, in the predefined data retrieval, we only defined clicks
either from browsing the drug screen or from other information
check, including drug notification, symptom records, global
self-assessment, and statistical reports of completion. Under
this circumstance, we are unable to provide specific data for
each function usage. We also could evaluate different periods
of retention rate, other than 7 days, in our current system. For
example, it would be interesting to know whether the 30-day
retention rate is even lower to determine if patients would not
use the app over a long term for medication compliance.
Furthermore, since we did not retrieve users' information from
the cloud database, we were unable to know the sources of users.
As a result, we cannot analyze if the behaviors are different
among users from the public, clinics, or hospitalization.

Finaly, although the physicians could search patients
medication usage reports and symptoms from the smartphone
at every return visit, this additional action still increases
physician consultation time. Therefore, the collaborative
patient-physician interaction needs to be optimized by building
an encrypted Web-based information system so that physicians
can directly access the patients medication reports and
symptomsby using HIS, thereby reducing physician consultation
time.

Future Developments

We believe that the promising achievements of this project will
lead to further improvementsfor theinnovative mHealth system.
First, we will investigate the unmet needs of patients and
physicians in their collaborative interaction and continually
expand functions of the app to further optimize the newly
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developed patient-centered mHealth system. Second, we plan
to execute aclinical trial to validate whether the mHealth app
can significantly improve patients' medication adherence after
we receive informed consent from patients, following approval
of theinstitutional review board at MMH.

Understanding the benefits of the system, physicians from
different specidties, such as cardiovascular surgeons and
pediatric rheumatologists, were especially interested in this
system astheir patients were among those with the most chronic
conditions, involving multiple and complicated medications,
with typically difficult self-management. The statistical numbers
from the active users within the 5-month period indicated that
the mHealth app would be a potential health care tool for
Taiwanese patients. Moreover, we plan to provide tailored
mHealth solutionsfor other physicianswith different specialties
and to help patients with different diseases have better
therapeutic outcomes. Finaly, we believe that the quality and
design of our digital health solution for personal medication
and health management can be easily integrated into other
hospitals and will be the foundation that allows health care
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ingtitutions to provide a more versatile and personalized
approach toward advanced health care.

Conclusion

This pilot study investigated the role of a culturally tailored
mHealth system for personal medi cation and health management
in Taiwan. Study results show that the app’'s medication
registration and notification system helped users self-manage
their complicated polypharmacy regimens. The most important
feature of the new patient-centered mHealth system was that it
reflected patients actual medication utilization status,
symptoms, and self-assessment. The information is readily
avalable to their physicians through optimization of the
patient-physician digital experience so that health care providers
and patients can function in acollaborative manner and facilitate
patients medi cation adherence. Theinnovative mHealth solution
has the potential to understand Chinese-speaking patients
medication adherence and therapeutic outcomes as well as to
engage patients and family as partners in long-term medical
care.

Thisresearch was supported by HTC Corporation, Taiwan (grant #1040004658). We thank our colleagues from Mackay Memorial
Hospital who provided expertise that greatly assisted the research.

Authors Contributions

W-TH, Y-CS, H-LH, and M-YH conceived and designed the study; W-TH and H-LH implemented the study; W-TH analyzed
the data; W-TH, Y-CS, H-LH, and M-YH contributed to the interpretation of the results; W-TH and M-YH wrote the original
draft; Y-CS and M-YH reviewed and edited the draft; M-Y H administrated the project.

Conflictsof Interest
None declared.

Multimedia Appendix 1
The top 30 registered drugs by the mHealth system.

[PDE File (Adobe PDF File), 36KB - mhealth_v6i7e154_appl.pdf ]

Multimedia Appendix 2
Top 10 drugs ranked by completion rate.

[PDE File (Adobe PDF File), 29KB - mhealth_v6i7e154_app2.pdf ]

References

1.  Chowdhury R, KhanH, Heydon E, Shroufi A, Fahimi S, MooreC, et al. Adherenceto cardiovascular therapy: ameta-analysis
of prevalence and clinical consequences. Eur Heart J 2013 Oct;34(38):2940-2948 [FREE Full text] [doi:

10.1093/eurheartj/ent295] [Medline; 23907142]

2. Rasmussen JN, Chong A, Alter DA. Relationship between adherence to evidence-based pharmacotherapy and long-term
mortality after acute myocardial infarction. JAMA 2007 Jan 10;297(2):177-186. [doi: 10.1001/jama.297.2.177] [Medline:

17213401]

3. Roebuck MC, Liberman JN, Gemmill-Toyama M, Brennan TA. Medication adherence leads to lower health care use and
costs despite increased drug spending. Health Aff (Millwood) 2011 Jan;30(1):91-99 [FREE Full text] [doi:

10.1377/hlthaff.2009.1087] [Medline: 21209444]

4. Medica Service Indicator. 2017 Apr 10. Medical Service Indicator URL: https://www.nhi.gov.tw/Resource/webdata/
20520 _2 201703 National %20Heal th%20l nsurance%204.pdf [accessed 2017-04-11] [WebCite Cache ID 6pdOskD2a]

http://mhealth.jmir.org/2018/7/e154/

IMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |e154 | p.105
(page number not for citation purposes)


mhealth_v6i7e154_app1.pdf
mhealth_v6i7e154_app1.pdf
mhealth_v6i7e154_app2.pdf
mhealth_v6i7e154_app2.pdf
http://eurheartj.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=23907142
http://dx.doi.org/10.1093/eurheartj/eht295
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23907142&dopt=Abstract
http://dx.doi.org/10.1001/jama.297.2.177
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17213401&dopt=Abstract
http://content.healthaffairs.org/cgi/pmidlookup?view=long&pmid=21209444
http://dx.doi.org/10.1377/hlthaff.2009.1087
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21209444&dopt=Abstract
https://www.nhi.gov.tw/Resource/webdata/20520_2_201703_National%20Health%20Insurance%204.pdf
https://www.nhi.gov.tw/Resource/webdata/20520_2_201703_National%20Health%20Insurance%204.pdf
http://www.webcitation.org/6pdOskD2a
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Hsiehet a

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

ChienH, Ko J, Chen Y, Weng S, Yang W, Chang Y, et a. Study of Medication Waste in Taiwan. Journal of Experimental
& Clinical Medicine 2013 Apr;5(2):69-72. [doi: 10.1016/j.jecm.2013.02.003]

Daleboudt GMN, Broadbent E, McQueen F, Kaptein AA.. Intentional and unintentional treatment nonadherence in patients
with systemic lupus erythematosus. Arthritis Care Res (Hoboken) 2011 Mar;63(3):342-350 [FREE Full text] [doi:
10.1002/acr.20411] [Medline: 21120967]

Lehane E, McCarthy G. Intentional and unintentional medication non-adherence: a comprehensive framework for clinical
research and practice? A discussion paper. Int JNurs Stud 2007 Nov;44(8):1468-1477. [doi: 10.1016/j.ijnurstu.2006.07.010]
[Medline: 16973166]

WroeAL. Intentional and unintentional nonadherence: astudy of decision making. JBehav Med 2002 Aug;25(4):355-372.
[Medline: 12136497]

Meichenbaum D, Turk DC. Facilitating treatment adherence: A practitioner's guidebook. New York: Plenum; 1987.
Osterberg L, Blaschke T. Adherenceto medication. N Engl JMed 2005 Aug 4;353(5):487-497. [doi: 10.1056/NEJMra050100]
[Medline: 16079372]

Graves MM, Raberts MC, Rapoff M, Boyer A. The efficacy of adherence interventions for chronically ill children: a
meta-analytic review. J Pediatr Psychol 2010 May;35(4):368-382 [ FREE Full text] [doi: 10.1093/jpepsy/jsp072] [Medline:
19710248]

Haynes RB, McKibbon KA, Kanani R. Systematic review of randomised trials of interventions to assist patients to follow
prescriptions for medications. Lancet 1996 Aug 10;348(9024):383-386. [Medline: 8709739]

SilvaBMC, Rodrigues JJPC, de LTDI, Lopez-Coronado M, Saleem K. Mobile-health: A review of current state in 2015.
JBiomed Inform 2015 Aug;56:265-272. [doi: 10.1016/].jbi.2015.06.003] [Medline: 26071682]

Van DBTH, Engelen LIL PG, Berben SAA, Schoonhoven L. Definition of Health 2.0 and Medicine 2.0: asystematic review.
JMed Internet Res 2010;12(2):e18 [FREE Full text] [doi: 10.2196/jmir.1350] [Medline: 20542857]

Kannisto KA, Koivunen MH, Véliméki MA. Use of mobile phone text message remindersin health care services: anarrative
literature review. JMed Internet Res 2014;16(10):€222 [FREE Full text] [doi: 10.2196/jmir.3442] [Medline: 25326646]
Thakkar J, Kurup R, LabaT, Santo K, Thiagalingam A, Rodgers A, et al. Mobile Telephone Text Messaging for Medication
Adherence in Chronic Disease: A Meta-analysis. JAMA Intern Med 2016 Mar;176(3):340-349. [doi:
10.1001/jamainternmed.2015.7667] [Medline: 26831740]

Vervlioet M, Linn AJ, van WJCM, de BDH, Bouvy ML, van DL. The effectiveness of interventions using electronic
reminders to improve adherence to chronic medication: a systematic review of the literature. JAm Med Inform Assoc
2012;19(5):696-704 [FREE Full text] [doi: 10.1136/amiajnl-2011-000748] [Medline: 22534082]

Bender JL, Yue RYK, To MJ, Deacken L, Jadad AR. A lot of action, but not in the right direction: systematic review and
content analysis of smartphone applications for the prevention, detection, and management of cancer. JMed Internet Res
2013;15(12):e287 [FREE Full text] [doi: 10.2196/jmir.2661] [Medline: 24366061]

Arnhold M, Quade M, Kirch W. Mobile applicationsfor diabetics: asystematic review and expert-based usability evaluation
considering the special requirements of diabetes patients age 50 years or older. JMed Internet Res 2014;16(4):€104 [FREE
Full text] [doi: 10.2196/jmir.2968] [Medline: 24718852]

Hood M, Wilson R, CorsicaJ, Bradley L, Chirinos D, Vivo A. What do we know about mobile applications for diabetes
self-management? A review of reviews. JBehav Med 2016 Dec;39(6):981-994. [doi: 10.1007/s10865-016-9765-3] [Medline:
27412774]

Chow CK, Ariyarathna N, ISsam SMS, Thiagalingam A, Redfern J. mHealth in Cardiovascular Health Care. Heart Lung
Circ 2016 Aug;25(8):802-807. [doi: 10.1016/].hlc.2016.04.009] [Medline: 27262389]

Neubeck L, Lowres N, Benjamin EJ, Freedman SB, Coorey G, Redfern J. The mobile revolution--using smartphone apps
to prevent cardiovascular disease. Nat Rev Cardiol 2015 Jun;12(6):350-360. [doi: 10.1038/nrcardio.2015.34] [Medline:
25801714]

Wang J, Wang Y, Wei C, Yao NA, Yuan A, Shan Y, et al. Smartphone interventions for long-term health management of
chronic diseases: an integrative review. Telemed J E Health 2014 Jun;20(6):570-583. [doi: 10.1089/tmj.2013.0243] [Medline:
24787747)

Santo K, Richtering SS, Chalmers J, Thiagalingam A, Chow CK, Redfern J. Mobile Phone Apps to Improve Medication
Adherence: A Systematic Stepwise Processto Identify High-Quality Apps. IMIR Mhealth Uhealth 2016 Dec 02;4(4):e132
[FREE Full text] [doi: 10.2196/mhealth.6742] [Medline: 27913373]

Hsu Y, Mao C, Wey M. Antihypertensive medication adherence among elderly Chinese Americans. J Transcult Nurs 2010
Oct;21(4):297-305. [doi: 10.1177/1043659609360707] [Medline: 20675538]

JinL, AcharyalL. Cultural Beliefs Underlying Medication Adherence in People of Chinese Descent in the United States.
Health Commun 2016;31(5):513-521. [doi: 10.1080/10410236.2014.974121] [Medline: 26422467]

LiuH, LeeW, SunY, Fen J, Chen T, Chou L, et al. Hospital-Owned Apps in Taiwan: Nationwide Survey. IMIR Mhealth
Uhealth 2018 Jan 16;6(1):€22 [FREE Full text] [doi: 10.2196/mhealth.8636] [Medline: 29339347]

Morawski K, Ghazinouri R, Krumme A, McDonough J, Durfee E, Oley L, et al. Rationale and design of the Medication
adherence Improvement Support App For Engagement-Blood Pressure (Medl SAFE-BP) trial. Am Heart J 2017
Apr;186:40-47. [doi: 10.1016/j.ahj.2016.11.007] [Medline: 28454831]

http://mhealth.jmir.org/2018/7/e154/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |€154 | p.106

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.jecm.2013.02.003
http://dx.doi.org/10.1002/acr.20411
http://dx.doi.org/10.1002/acr.20411
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21120967&dopt=Abstract
http://dx.doi.org/10.1016/j.ijnurstu.2006.07.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16973166&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12136497&dopt=Abstract
http://dx.doi.org/10.1056/NEJMra050100
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16079372&dopt=Abstract
http://jpepsy.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=19710248
http://dx.doi.org/10.1093/jpepsy/jsp072
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19710248&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8709739&dopt=Abstract
http://dx.doi.org/10.1016/j.jbi.2015.06.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26071682&dopt=Abstract
http://www.jmir.org/2010/2/e18/
http://dx.doi.org/10.2196/jmir.1350
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20542857&dopt=Abstract
http://www.jmir.org/2014/10/e222/
http://dx.doi.org/10.2196/jmir.3442
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25326646&dopt=Abstract
http://dx.doi.org/10.1001/jamainternmed.2015.7667
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26831740&dopt=Abstract
http://jamia.oxfordjournals.org/cgi/pmidlookup?view=long&pmid=22534082
http://dx.doi.org/10.1136/amiajnl-2011-000748
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22534082&dopt=Abstract
http://www.jmir.org/2013/12/e287/
http://dx.doi.org/10.2196/jmir.2661
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24366061&dopt=Abstract
http://www.jmir.org/2014/4/e104/
http://www.jmir.org/2014/4/e104/
http://dx.doi.org/10.2196/jmir.2968
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24718852&dopt=Abstract
http://dx.doi.org/10.1007/s10865-016-9765-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27412774&dopt=Abstract
http://dx.doi.org/10.1016/j.hlc.2016.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27262389&dopt=Abstract
http://dx.doi.org/10.1038/nrcardio.2015.34
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25801714&dopt=Abstract
http://dx.doi.org/10.1089/tmj.2013.0243
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24787747&dopt=Abstract
http://mhealth.jmir.org/2016/4/e132/
http://dx.doi.org/10.2196/mhealth.6742
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27913373&dopt=Abstract
http://dx.doi.org/10.1177/1043659609360707
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20675538&dopt=Abstract
http://dx.doi.org/10.1080/10410236.2014.974121
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26422467&dopt=Abstract
http://mhealth.jmir.org/2018/1/e22/
http://dx.doi.org/10.2196/mhealth.8636
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29339347&dopt=Abstract
http://dx.doi.org/10.1016/j.ahj.2016.11.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28454831&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Hsiehet a

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

MiraJJ, Navarro |, BotellaF, Borras F, Nufio-Solinis R, Orozco D, et a. A Spanish pillbox app for elderly patients taking
multiple medications: randomized controlled trial. JMed Internet Res 2014;16(4):€99 [FREE Full text] [doi:
10.2196/jmir.3269] [Medline: 24705022]

Becker S, Kribben A, Meister S, Diamantidis CJ, Unger N, Mitchell A. User profiles of asmartphone application to support
drug adherence--experiences from the iNephro project. PLoS One 2013;8(10):e78547 [FREE Full text] [doi:
10.1371/journal .pone.0078547] [Medline: 24194946]

BoulosMNK, Whedler S, Tavares C, Jones R. How smartphones are changing the face of maobile and participatory healthcare:
an overview, with example from eCAALY X. Biomed Eng Online 2011;10:24 [FREE Full text] [doi:
10.1186/1475-925X-10-24] [Medline: 21466669]

Becker S, Brandl C, Meister S, Nagel E, Miron-Shatz T, Mitchell A, et al. Demographic and health related data of users
of amobile application to support drug adherence is associated with usage duration and intensity. PLoS One 2015
Jan;10(1):e0116980 [FREE Full text] [doi: 10.1371/journal.pone.0116980] [Medline: 25629939]

Smith A. Pew Research Center. 2012 Mar 1. Nearly half of American adults are smartphone owners URL : http://www.
pewinternet.org/2012/03/01/nearly-hal f-of -ameri can-adul ts-are-smartphone-owners/ [accessed 2018-06-21] [WebCite
Cache ID 70L8jYOLn]

Destatis Statistisches Bundesamt. 2016 Dec 05. 81 % der Internetnutzer gehen per Handy oder Smartphone ins Internet
URL: https://www.destatis.de/DE/PresseService/Presse/Pressemitteilungen/2016/12/PD16 430 _63931.html [accessed
2018-06-21] [WebCite Cache ID 70SMZgEPs]

Jane SK. 2010 Apr 9. How smartphones are changing health care for consumers and providers URL : https.//www.chcf.org/
publication/how-smartphones-are-changing-health-care-for-consumers-and-providers/ [accessed 2018-01-30] [WebCite
Cache ID 6waitY sgi]

Fallah M, Yasini M. A Medication Reminder Mobile App: Does It Work for Different Age Ranges. Stud Health Technol
Inform 2017;235:68-72. [Medline: 28423757]

Vicente P, Lopes |. Attitudes of older mobile phone users towards mobile phones. Communications 2016;41(1):71-86.
[doi: 10.1515/commun-2015-0026]

Wojciechowski M, Ristok H, Brandes W, Lange B, Baumgarten G. Architecture of the 'Daily Care Journal’ for the Support
of Health Care Networks. In: Ambient Assisted Living. Berlin, Germany: Springer; Jan 25, 2011:3-16.

Garfield S, Clifford S, Eliasson L, Barber N, Willson A. Suitability of measures of self-reported medication adherence for
routine clinical use: a systematic review. BMC Med Res Methodol 2011 Nov 03;11:149 [EREE Full text] [doi:
10.1186/1471-2288-11-149] [Medline: 22050830]

Claxton AJ, Cramer J, Pierce C. A systematic review of the associations between dose regimens and medi cation compliance.
Clin Ther 2001 Aug;23(8):1296-1310. [Medline: 11558866]

Cramer JA, Mattson RH, Prevey ML, Scheyer RD, Ouellette VL. How often is medication taken as prescribed? A novel
assessment technique. JAMA 1989 Jun 9;261(22):3273-3277. [Medline: 2716163]

Abbreviations

HIS: hospital information system
mHealth: mobile health

MMH: MacKay Memoria Hospital
QR: Quick Response

SQL : structured query language
WHO: World Health Organization

Edited by G Eysenbach; submitted 30.01.18; peer-reviewed by A Kassavou, P Del Giudice, N Shah; comments to author 22.03.18;
revised version received 12.05.18; accepted 18.06.18; published 03.07.18.

Please cite as:

Hsieh WT, Su YC, Han HL, Huang MY

A Novel mHealth Approach for a Patient-Centered Medication and Health Management System in Taiwan: Pilot Study
JMIR Mhealth Uhealth 2018;6(7):e154

URL: http://mhealth.jmir.org/2018/7/€154/

doi: 10.2196/mhealth.9987

PMID: 29970356

©Wen-Ting Hsieh, Yung-Cheng Su, Hsin-Lien Han, Ming-Yuan Huang. Originaly published in IMIR Mhealth and Uhealth
(http://mhedlth.jmir.org), 03.07.2018. Thisisan open-access articledistributed under the terms of the Creative Commons Attribution

http://mhealth.jmir.org/2018/7/e154/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |€154 | p.107

RenderX

(page number not for citation purposes)


http://www.jmir.org/2014/4/e99/
http://dx.doi.org/10.2196/jmir.3269
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24705022&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0078547
http://dx.doi.org/10.1371/journal.pone.0078547
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24194946&dopt=Abstract
http://www.biomedcentral.com/1475-925X/10/24
http://dx.doi.org/10.1186/1475-925X-10-24
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21466669&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0116980
http://dx.doi.org/10.1371/journal.pone.0116980
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25629939&dopt=Abstract
http://www.pewinternet.org/2012/03/01/nearly-half-of-american-adults-are-smartphone-owners/
http://www.pewinternet.org/2012/03/01/nearly-half-of-american-adults-are-smartphone-owners/
http://www.webcitation.org/70L8jYOLn
http://www.webcitation.org/70L8jYOLn
https://www.destatis.de/DE/PresseService/Presse/Pressemitteilungen/2016/12/PD16_430_63931.html
http://www.webcitation.org/70SMZgEPs
https://www.chcf.org/publication/how-smartphones-are-changing-health-care-for-consumers-and-providers/
https://www.chcf.org/publication/how-smartphones-are-changing-health-care-for-consumers-and-providers/
http://www.webcitation.org/6wqitYsgi
http://www.webcitation.org/6wqitYsgi
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28423757&dopt=Abstract
http://dx.doi.org/10.1515/commun-2015-0026
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/1471-2288-11-149
http://dx.doi.org/10.1186/1471-2288-11-149
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22050830&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11558866&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2716163&dopt=Abstract
http://mhealth.jmir.org/2018/7/e154/
http://dx.doi.org/10.2196/mhealth.9987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29970356&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Hsiehet a

License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR mhealth and uhealth, is properly cited. The complete bibliographic

information, alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must
be included.

http://mhealth.jmir.org/2018/7/e154/

RenderX

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |e154 | p.108
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Wang et a

Original Paper

Diabetes Educators’ Insights Regarding Connecting Mobile
Phone— and Wearable Tracker—Collected Self-Monitoring
Information to a Nationally-Used Electronic Health Record System
for Diabetes Education: Descriptive Qualitative Study

Jing Wang', PhD, MPH, RN, FAAN; Chin-Fun Chu', MS, MPH; Chengdong Li? PhD; Laura Hayes®, RN, BSN,
CDE; Linda Siminerio®, PhD, CDE, RN, FAAN

1school of Nursi ng, University of Texas Health Science Center at San Antonio, San Antonio, TX, United States
2School of Biomedical Informatics, University of Texas Health Science Center at Houston, Houston, TX, United States
3McGovern Medical School, University of Texas Health Science Center at Houston, Houston, TX, United States
4School of Medici ne, University of Pittsburgh, Pittsburgh, PA, United States

Corresponding Author:

Jing Wang, PhD, MPH, RN, FAAN

School of Nursing

University of Texas Health Science Center at San Antonio
7703 Floyd Curl Drive

MSC 7851

San Antonio, TX, 78229-3900

United States

Phone: 1 210 450 8561

Email: jwangl0@uthscsa.edu

Abstract

Background: Diabetes educators areintegral to aclinical team in providing diabetes self-management education and support;
however, current mobile and Web-based self-management tools are not integrated into clinical diabetes care to support diabetes
educators' education efforts.

Objective: The objective of our study was to seek diabetes educators’ insights regarding the development of an interface within
the Chronicle Diabetes system, a nationally used electronic health record (EHR) system for diabetes education documentation
with behavioral goal-setting functions, to transfer mobile phone- and wearabl e tracker-coll ected self-monitoring information from
patients to diabetes educators to facilitate behavioral goal monitoring.

Methods: A descriptive qualitative study was conducted to seek educators’ perspectives on usability and interface devel opment
preferencesin devel oping a connected system. Educators can use the Chronicle Diabetes system to set behavioral goalswith their
patients. Individual and group interviews were used to seek educators’ preferences for viewing mobile phone- and wearable
tracker-collected information on diet, physical activity, and sleep in the Chronicle Diabetes system using open-ended questions.
Interview data were transcribed verbatim and analyzed for common themes.

Results:  Five common themes emerged from the discussion. First, educators expressed enthusiasm for and concerns about
viewing diet and physica activity data in Chronicle Diabetes system. Second, educators valued viewing detailed dietary
macronutrients and activity data; however, they preferred different kinds of details depending on patients' needs, conditions, and
behavioral goals and educators' training background. Third, all educators liked the integration of mobile phone-collected data
into Chronicle Diabetes system and preferably with current EHR systems. Fourth, a need for a health care team and a central
EHR system to be formed was realized for educators to share summaries of self-monitoring data with other providers. Fifth,
educators desired advanced features for the mobile app and the connected interface that can show self-monitoring data.

Conclusions: Flexihility is needed for educators to track the details of mobile phone- and wearable tracker-collected diet and
activity information, and the integration of such datainto Chronicle Diabetes and EHR systems is valuable for educators to track
patients behavioral goals, provide diabetes self-management education and support, and share data with other health care team
members to faciliate team-based carein clinical practice.
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Introduction

Research has demonstrated the effectiveness of behavioral
lifestyle interventions that focus on goal setting and diet and
physical activity self-monitoring to improve glycemic control
for patients with type 2 diabetes [1]. Recent studies have used
mobile and Web-based technologies to enhance goal-setting
and self-monitoring interventionsin diabetes care[2,3]. A recent
systematic review of the literature on technologies used for
diabetes self-management education and support revealed that
therewerefour essential elementsin effective technol ogiesthat
worked on improving glycemic control: two-way
communication, anayzed patient-generated health data (PGHD),
tailored education, and individualized feedback [4]. However,
the highlighted technologies that enabled two-way
communication and PGHD did not include the use of electronic
health record (EHR) systems that health care provider teams
use on a daily basis for care management or for connecting
PGHD to EHRs. Furthermore, previous studies have only
demonstrated the effective use of mobile [5,6] and Web-based
systems|[7,8] that were not connected with EHRsin supporting
diabetes self-management behaviors. Connected systems that
engage both patientsand clinical health care providers, including
diabeteseducators, are essential to ensure expert carefor patients
with diabetes. It is equally important to also take advantage of
mHealth technologies, including mobile phone apps and
wearable trackers, to engage patients in self-care behaviors.
Thusfar, none of the published literature on diabetes education
has explored the integration of PGHD collected via mobile
technology to EHRs to facilitate the trandation of effective
technol ogy-based interventionsinto diabetes education practice.

Diabetes educators are the frontline health care professionals
providing diabetes self-management education and support to
patients with diabetes across the United States. Diabetes
educators can be registered nurses (RNs), registered dieticians
(RDs), pharmacists, medical doctors, exercise physiologists,
etc [7]. The Chronicle Diabetes system is a nationally used
Web-based system for diabetes education documentation with
behavioral goal-setting functions, and it is available free of
chargeto all American Diabetes Association (ADA)-recognized
diabetes education programs[9]. Althoughitisacomprehensive
system for diabetes educators to set, document, and track
behavioral goals, monitoring of and following up on patient
behavioral goals can be chalenging for both patients and
diabetes educators[9]. To facilitate evidence-based goal-setting
and self-monitoring interventions into the diabetes education
process, we propose using the Chronicle Diabetes system
currently available to diabetes educators to set patient diet and
physical activity goals and connecting patient self-monitoring
information collected from mobile devices to the Chronicle
Diabetes system to facilitate educators’ monitoring of patients
adherence to their goals. To seek educators' insights regarding

http://mheal th.jmir.org/2018/7/€10206/

the development of a connected interface within the Chronicle
Diabetes system, we conducted individual and group interviews
to gain educators perspectives on usability and interface
preferences in developing such a connected system.

Methods

Design

Thiswas a descriptive qualitative study designed to answer the
research question “What are diabetes educators perspectives
onintergrating patient-monitored diet and physical activity into
the practice of diabetes self-management education and
support?’ We conducted semistructured and in-depth interviews
to elicit diabetes educators’ views on using an interface built in
the Chronicle Diabetes system to connect self-monitoring data
collected from mobile devices. To ensure data consistency, one
moderator conducted al interviews using a protocol with
open-ended questionsto obtain diabetes educators' perceptions
on mobile-collected information and their preferences for
viewing thisinformation in the Chronicle Diabetes system [10].
The moderators comprised atrained qualitative researcher who
understood both the Chronicle Diabetes and Jawbone UP24
systems and another researcher who had developed the
Chronicle Diabetes system and was involved in devel oping the
interface in this system to integrate Jawbone-collected
information. The study was approved by the Institutional Review
Boards of the University of Texas Health Science Center at
Houston and the University of Pittsburgh.

Sample and Setting

We recruited the diabetes educators from western Pennsylvania,
where the Chronicle Diabetes system was first implemented,
and Houston, TX, where the educators had little knowledge
about the system, to get a balanced sample of the educators
views on the proposed connected interface within the Chronicle
Diabetes system. Educators were informed about the study
through an email. Diabetes educators who responded to our
invitation emails were selected to participate in this study if
they were certified diabetes educators practicing in arecognized
diabetes education program. When the moderators heard
recurring but no new information from the study participants,
we stopped the study and did not further recruit study
participants. Study participants received a gift card as
compensataion for devoting their time to our study.

Data Collection Procedures

We conducted individual and group interviews in this study.
Individua interviews were conducted when study participants
could not make it to a focus group session or not enough
participants could agree upon acommon time for afocus group
session. We used a script, including an introductory statement
and primary and probe questions, in al of the individual or
group interviews. The introductory statement included general
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statements of focus group to encourage open discussion and
diverse opinions, a description of study purpose; and a
description of the mobile app, fitness tracker, and Chronicle
Diabetes system. We admini stered ademographic questionnaire
to collect diabetes educators information. For each primary
question, we first asked a genera question to prompt the
participants’ perceptions and then used “probe” questions to
explore any further new information and encourage participants
to elaborate on their experience. Our primary interview
guestions, in particular, were based on the features of the
Chronicle Diabetes system interface and the wearable device
with its companion mobile phone app. We started our primary
guestions on how educators use their current EHR system to
document diabetes education and support, and then, we asked
them to imagine if we had the ability connect mobile device
data to their system, how they would want it to look like. We
also provided visua aids (ie, PowerPoint slides) of the designs
of the Chronicle Diabetes system interface and the mobile phone
app to participants and asked them about the features of the
“connected” systems that facilitated their education sessions.
Theinterviews were recorded using a digital audio recorder.

The Electronic Health Record System for Diabetes
Education: The Chronicle Diabetes System

The Chronicle Diabetes system provides tools for diabetes
educators to document, track, and report on their patients
education process according to the National Standards for
Diabetes Self-Management Education and ADA education
recognition program (ERP) requirements. We chose the
Chronicle Diabetes system over other EHRs and other
Web-based systems in our study mainly due to the following
reasons. (1) its detailed features to support goal setting and
self-monitoring in diabetes self-management education and
support, 2) its potential to be disseminated nationaly, (3) its
capabilitiesto connect with various EHRs in the future, and (4)
its national impact on supporting diabetes education practice
documentation, which will facilitate efforts for securing
reimbursement for incorporating digital health solutions in
diabetes education practice in the future. Educators use the
Chronicle Diabetes system to record patients’ required behavior
goals at baseline and continue, modify, or discontinue them at
follow-up visits. Behavior goals are categorized as follows:
nutrition, activity, medications, monitoring, prevention and
treatment of acute complications, prevention and treatment of
chronic complications, and psychosocial adjustment or healthy
coping. Patient goal achievement at baseline and follow-up can
be scored at 0%, 25%, 50%, 75%, and 100%. In addition to goal
setting, patient education plans and program processes are
recorded. After the one-to-one or group class education session
is completed and documented, all aspects of the education
process are automati matically summarized in aformat that meets
ADA ERP documentation requirements.

Patient-M onitored Diet and Activity Data Using UP24
Jawbone Wristband and Companion M obile Phone
App

UP24 by Jawbone is a wristband that objectively tracks
individuals' physical activity and sleep; its companion mobile
phone app showsthistracked information and includesfeatures
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to search or track food intake. We compared afew commercially
available fitness trackers prior to the study and chose the
Jawbone UP24 in this study due to its feature of distingushing
between calories burned from planned exercise minutes and
resting calorie burn. This feature supports the evidence-based
self-monitoring intervention used in the Diabetes Prevention
Program that focused on tipping the calorie balance through
noting the calories burned through planned exercise. It should
be noted that this device is no longer in production or actively
supported. However, the knowledge gained from using UP24
by Jawbone can be transferred to other fitness tracker products
that are now providing the same features as this device.

Data Management and Analysis

All audiotapes were transcribed verbatim in English by a
professional transcription service company. Any information
that could refer to patient data in the transcripts was either
removed or de-idnetified. Two trained researchers analyzed the
transcribed dataand the notestaken during theinterviews using
conventional content analysis [11,12] for thematic patterns
based on the categroies derived from coded text segments.
Concepts or emerging thematic patterns were frequently
cross-checked within and across transcripts to ensure data
quality. The interpretation of the data was reviewed and refind
by theinvestigators; two coders had open discussionsto achieve
agreement when there were discrepenciesin datainterpretation.
Common themes related to the educators’ experience in using
the Chronicle Diabetes system interface and wearable devices
and example quotations are presented below in the Results
section.

Results

Sample Characteristics

We recruited 8 diabetes educators (3 RNs and 5 RDs) from
Pittsburgh, PA, and Houston, TX. They had an average of 22
years of general practice experience and an average of 13 years
of practice experience in diabetes education. On average, the
participants had approximately 1.75 years of experience using
the Chronicle Diabetes system.

Thematic Analysis Findings

Five individual interviews and one focus group session were
conducted. Each interview or focus group session lasted from
30 to 60 minutes, and all six sessions generated atotal of about
233 pages of transcribed text. The five common themes that
emerged from the interview responses are described in the
following subsections, which aso include excerpts from the
interviews or focus group sessions.

Enthusiasm and Concerns About Viewing
Self-Monitoring Data in the Chronicle Diabetes System

All diabetes educators expressed strong enthusiasm toward
viewing diet and physical activity information in the Chronicle
Diabetes system. Some educators were more enthusi astic about
certain diet and activity datathan others. Most educators were
not very enthusiatic about seeing sleep data. They did not think
monitoring sleep was necessary, unless patients had sleep
disorders; others felt that sleep data are beyond the scope of
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diabetes education practice, while one educator thought that
knowing patients total hours of seep may be helpful for
understanding their general health.

If | was visually looking at it, my number one things
would be calories, carbs, protein, and fiber...But |
work in the Weight Management Center, and protein
and fiber are all we really focus on.

Total active time..total burn calories would be
important for me...I would like to know total times
that they're active throughout the day...total burned
calorieswould beimportant so we know...their caloric
intake is matching up or negative, if they want to lose
weight.

| wouldn't exactly know what to do with all the
information (sleep). Like, if some, if somebody...dleep
apnea, you could talk about it, but it's not something
I’mas familiar with as a diabetes educator.

Some educators expressed concerns regarding how often patients
would monitor their activity. They thought that constant
self-monitoring might cause patients to feel overwhelmed.
Instead, they preferred that patients monitor themselvesfor only
afew weekdays or only on weekends, whereby educators could
still detect discernable patterns in patients self-monitoring
behaviors. The educators al so expressed concerns about patient
compliance. They questioned whether data collected on mobile
devices would exactly reflect patients' activities because some
patients may log their data based on how they would like their
providers or educators to view their behaviors. These may
impact their decisions when they view the connected
self-monitoring data during a diabetes education visit.

Don't overload them.
Don't put the expectations so high.

So there'salot of information on that page that might
bealittle bit overwhelming, even frommy perspective,
as a professional.

It would be used mainly for educational reasons, but
after a while...l think that patients would get wise to
it and put in the foods that look good...

After a couple of months, if they're seeing that they're
not pleasing their physician or whosever is looking
at this stuff, they'll start putting in the thingsthat they
know calculate to be the right thing.

Varied Preference Toward the Kinds of Details Displayed
Depending on Patients’ Needs, Conditions, and
Behavioral Goalsand Educators Training Background
The educators valued viewing detailed dietary macronutrient
and activity data from patient self-monitoring. When viewing
patient self-monitoing data, some educatorsfactored in patients
health conditions and status to select specific information that
would be more relevant to individualized diabetes education.

RDs for sure want to track food logs and carb
counting, fiber, and calories...

Fiber, protein, calories are important for weight loss
purposes...Depending on the patient i ssues, the needed
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values are different...personalize which factorsto see
individualized to each patient. For example, if the
patient has high lipids, cholesterol is important to
see. If the patient has kidney issues, protein and
sodium are important to see.

Some educators preferred viewing information about calorie
counting and carbohydrates, whereas others wanted to see
percentages of caloriesfrom fat, carbohydrates, and proteinsin
agraphical chart on adaily basis.

Most say macronutrients are more important than
percentages, while RDs may have different views.
Some want to cal culate carbs specifically from sugar
and calculate other carbs altogether...Others want
to see what percent of carbs come from sugar.

My number one things would be calories, carbs,
protein, and fiber..But | work in the Weight
Management Center, and protein and fiber are, like,
all wereally focus on

Preference for a Diabetes Education System That is
Connected to and I ntegrated | nto the Electronic Health
Record

All the participants found integrating mobile phone- and
wearable tracker-collected self-monitoring data into the
Chronicle Diabetes system extremely helpful and particularily
favored integrating the current EHR system with the Chronicle
Diabetes system. Documenting detailed  diabetes
self-management educati on and support information, along with
required information for education program recognition in the
Chronicle Diabetes system and required documentation in the
hospital or practice EHR system, should be all integrated into
one connected system.

Then we wouldn’t have to double document it. If we
could put it in there and it would automatically go,
that would be nice.

Well that'd be great because then | wouldn’t have to
chart so dang much. Like, it—all the information
would already be in the chart.

I nterprofessional Team-Based Care Using Connected
Electronic Health Record

A health careteam and acentral EHR system need to be formed
for educators to share summaries of self-monitoring diet and
physical activity data to communicate with other health care
providersin diabetes education. Most educators agreed that the
patient-monitored diet and activity information would be hel pful
for primary care providers, such as family physicians. Some
said that they would like to see all self-monitoring data, but
other educators thought that physicians would not havetimeto
use the Chronicle Diabetes system. Instead, they thought that
physicians may be able to obtain information indirectly from
other health care providers, such as an educator or a dietician.
The diabetes educators wanted a space in the Chronicle Diabetes
system to include comments and share opinions with other
health care providers. The preferences regarding the frequency
and timing of comments varied across the educators.
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Theinformation in Chronicleswill be good supporting
data.

They would develop teams. It would be the educator
on the team. If there was a team approaching a
physician practice...to collaborate and take [ it] to the
physicians...that would be very hel pful. It would have
to come from another health professional...

And you would think that they would look at using
this kind of technology, but they're being pushed in
so many different directions...'m sure they don’t
perceive that they have the time for this.

| don't know if people have time to read. | think
doctorslike to have it there and if they need to refer
toit, they really like that.

Primary care physicians or the nurse practitioners,
physician assistants (should be ableto view the data).
Whoever their primary care is and whoever is
following them through the diabetes (treatment).

No.
| wish we could say yes.

They don’t. Unless—they would develop teams. It
would be the educator on the team. If there was a
team approaching a physician practice

If Rob had this data to collaborate and take to the
physicians...Yes...that would be very hel pful. 1t would
have to come from another health
professional....Right...to the physician to pay attention
to it. The patient brought it in. They’d scan through
it. Say—pretend like they were really digesting it and
say, “ Oh. Thisisgreat! You need to exercise more”

Advanced Features for the Mobile App, Chronicle
Diabetes system, and the Display of Patient
Self-Monitoring Data

For the mobile app, educators suggested adding voice search
rather than barcode scanning or manual entry to help patients
log their foods more easily, as well as a function that
automatically records physical activity to allow more accurate
rea-time data.

If they had an app that could—if you could...talk into
your phone...and it typeswhat you say...People would
love that as opposed to choosing it on an app where
you have to go in or the one that reads the scanning
bars.

Some educators suggested adding a new function to Chronicle
Diabetes system that would allow them to mergetheir preferred
self-monitoring data at once to observe the effects of multiple
behavior interactions in diet and activity with blood sugar or
weight.

When we're talking about blood glucose...in addition
to just knowing the number or the time of day...if
they're exercising, you can track their blood sugar
level in relation to movement...And the same with
food...
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| need a place where the patient can put in their carbs,
their weight, their calories, and their glucose all in
one place and to be able to see how the amount of
carbs that they ate corresponded to their blood
sugar...

I would like the blood glucose to interact with the
exercise and the blood glucose to interact with the
nutrition.

Several educatorswanted to view avariety of data(eg, nutrition,
exercise, blood glucose) in separate tabs in Chronicle Diabetes
system and suggested different formats for daily, weekly, or
monthly summary reports.

The blood sugar level, and on the graph, show the
exercise...but | know | would want a separate tab for
exercise and a separate tab for nutrition.

| would like to have a tab that—where you can see
all the blood sugar levels no matter what time of the
day.

I would want to look at the carbs and the protein
and...I would want to look at their total fat intake as
well...

| like the summary ones the best, for the week...I'm
not liking the daily one again as much...

If they're coming to mewith a problem, | want to ook
at the past seven days more than the month because
thenit'll dilute the statistics...

Discussion

Principal Findings

Our study demonstratesthat diabetes educators are enthusiastic
about the incorporation of self-monitoring information into the
Chronicle Diabetes system to monitor patients and ensure patient
adherenceto behavioral goal s during diabetes self-management
education and support. Integrating such data into a centralized
system facilitates robust data collection, synthesis, and analysis
and has the potential for developing precision diabetes
management with context-aware, individualized guidance
presented to the patient and caregiversin a coordinated fashion
[13]. The diabetes educators insights regarding information
display, interface design, and data integration effectively show
how the wearable fitness tracker and its companion dietary
self-monitoring app can support diabetes educators clinical
work to improve diabetes self-care behaviors, care coordination,
and patient outcomes. The 2017 National Standardsfor Diabetes
Self-Management Education and Support recommend the
provision of individualized diabetes education based on the
patient’s medical history, health beliefs and attitudes, diabetes
knowledge, and self-management skills and also support the
use of evidence-based technology—based solutions for delivery
of diabetes self-management education and support [7]. A recent
study inthe United Kingdom exploring patients’ unmet diabetes
self-management education and support needs highlighted their
needs for support in behavior change, particularly in physical
activity and dietary changes, using digital technology [14]. Our
findingsindicate that diabetes educators prefer the reporting of
self-monitoring information that is closely relevant to improving
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diabetes outcomes and iswithin the scope of diabetes educators
practice. Accordingly, patients' diet and physical activity reports
werethought to be of greater rel evance than sleep activity since
the latter was deemed to be beyond the scope of diabetes
education practice. Future studies can explore whether
summarizing sleep data with actionable insightswould address
educators lack of confidence in handling sleep data. The
educators in our study also suggested that all types of
macronutrient (eg, protein, carbohydrates, calories, fat) and
activity (eg, exercise type and duration, steps) information are
needed so that educators with different training backgrounds
can always find information relevant to enhance diabetes
education and outcomes, even for patients with different health
conditions.

While the mobile app itself does not provide personalized
education or therapeutic support to patients, the integration of
mobile-based self-monitoring information into the Chronicle
Diabetes system would overcome this limitation by enabling
educatorsto focus and interpret self-monitored diet and exercise
information that is rel evant to specific patient needs, rather than
spending education time on dietary recallswith patients. Other
studies have recommended employing a health coach or a
certified diabetes educator who isnot part of ahealth care team
to provide diabetes self-management support based on mobile
phone- or wearabl e tracker-collected self-monitoring data[2,8].
Our study assessing insights from diabetes educators who are
part of a current health care team can provide some unique
perspectives. The 2017 National Standards for Diabetes
Self-Management Education and Support recommend the use
of evidence-based technology-based solutions for delivery of
diabetes self-management education and support [7].The
findings from our study not only expressed educators’ insights
regarding using mobile- and wearable tracker-collected
self-monitoring datain one diabetes education EHR system but
also provided foundational knowledge in facilitating other
evidence-based digital health solutions to be integrated into
clinical workflow through EHR integration. With theincreasing
use of digital health and wearable solutions, there is expanding
availability of PGHD to diabetes educators. The advantages of
utilizing such data are obvious; even no data or missing data
could provide meaningful information regarding patients
engagement with their self-management and lead to product
patient-educator conversations. However, potential shortcomings
deserve further research and attention. The usability of
connected digital health solutions need to be firmly addressed
to provide summarized PGHD with actionable and relevant
information to facilitate current clinical workflow, and it should
not take clinicians away from their interaction with patients.
Our educators also expressed concerns regarding patient
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compliance and data accuracy, and other matters (like patient
privacy and confidentiality, data ownership, information
overload, liabilities, efficiency and clarity of the data, lack of
reimbursement) are also potential issues that deserve further
research.

In this study, diabetes educators expressed the need to connect
the Chronicle Diabetes system with existing EHR systems for
managing patient care and expressed a desire to play a more
active role in reviewing mobile data and connecting with
physicians and other prescribing providers such as nurse
practitionersto provide team-based care. In aprevious study in
which patients were provided mobile sel f-management support,
the physicians' prescribing behaviors did not seem to change
[15]. Additional research is needed to determine whether an
integrated system with mobile data connected to the EHR system
would influence physicians' prescribing behavior through an
interprofessional team-based approach, where a diabetes
educator takestheleading roleto review the summarized PGHD.

Limitations

There are several limitations to this study. First, our study
sample was small; thus, it may not be representative of the
general diabetes educator population. Second, there may be
self-selection biasin our sample because al diabetes educators
were self-selected into the study after seeing the adverti sement.
Third, we only chose one mobile app with patient-monitored
diet and activity information to show to the diabetes educators
at theinterviews; viewing other brandswith different interfaces
may trigger different insightsfrom the diabetes educators. Future
research is needed to expand the sampl e size and representation
and to include other PGHD pertinent to diabetes
self-management education and support practice.

Conclusions

A full range of tracking details of mobile phone- and wearable
tracker-collected diet and activity information is needed to
support educators preferences, and theintegration of such data
into Chronicle Diabetes and EHR systems is valuable for
educatorstotrack patients’ behavioral goalsand provide precise
diabetes self-mangaement education and support. Diabetes
educators' perspectives need to be incorporated as we develop
future mobile and connected systems to support team-based
diabetes care and education in clinical practice. The study
findings were used to inform the development of a connected
interface in the Chronicle Diabetes system to integrate
Jawbone-collected self-monitoring diet and physical activity
information, and the connected system is currently being tested
in amultisite randomized clinical trial [16].
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ERP: education recognition program
PGHD: patient-generated health data
RD: registered dieticians

RN: registered nurses
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Abstract

Background: Web-based interventions are becoming an alternative of treatment aimed to support behavioral changes and
several advantages over traditional treatments are reported. New ways of delivering an intervention may result in new challenges
regarding monitoring of treatment fidelity (TF) whichis essential to ensure internal and external validity. Despite the importance
of the theme, only afew studiesin thisfield are reported.

Objective: To examine TF of a mobile phone delivered intervention based on Acceptance and Commitment Therapy (ACT)
with electronic diaries and written situational feedback for persons with diabetes mellitus type 2, the recommendations from the
Behavior Change Consortium (BCC) established by The National Institutes of Health (NHI) were applied. To analyze fidelity,
they recommend 5 areas to be investigated (1) design of the study, (2) provider training, (3) delivery of treatment, (4) receipt of
treatment, and (5) enactment of treatment. In the current study, these areas were examined based on the analysis of therapists
adherence to the treatment protocol and participants' and therapists’ experience with the intervention.

Methods: To investigate the therapists' adherence to the treatment protocol, atotal of 251 written feedback text messages were
divided into text segments. Qualitative thematic analyses were then performed to examine how ACT and other therapeutic
processes were used in the feedback by the therapists. For the therapists' and participants’ experience analysis, participants
answered a self-reported questionnaire and participated in 2 interviews. The therapists continuously reported their experiences
to the researcher responsible for the project.

Results: Theresults show high adherenceto the TF strategies 20/21 (95%) applicableitemsof the fidelity checklist recommended
by NHI BCC were identified in the present study. Measured provider skill acquisition post-training was the only item absent in
the fidelity checklist. The results also show high therapists’ adherence to the treatment protocol. All ACT processes (values,
committed action, acceptance, contact with the present moment, self as context and cognitive defusion) were found in the coded
text segments of the feedback in addition to communication and motivation strategies. For 336/730 (46%) of total possible text
segments coded independently by 2 researchers, the interrater reliability measured by Cohen’'s kappawas .85. The evaluation of
participants’ and therapists’ experience with the intervention was generally positive.

Conclusions. Based on the analyses of therapists' adherence to the treatment protocol grounded by ACT-principles and
participants’ and therapists’ experience with the intervention, the 5 areas of TF recommended by NHI BCC were analyzed
indicating a high level of TF. These results ensure an appropriate level of internal and external validity of the study and reliable
intervention results and facilitate a precise replication of this intervention concept. Web-based psychological interventions to
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support people with chronic conditions are becoming increasingly more common. This study supports the results from a previous
study which indicated that ACT could be reliably delivered in awritten web-based format.

Trial Registration: ClinicalTrials.gov NCT01297049; https.//clinicaltrials.gov/ct2/show/NCT01297049 (Archived by WebCite

at http://lwww.webcitation.org/70WC4Cm4T)

(JMIR Mhealth Uhealth 2018;6(7):€151) doi:10.2196/mhealth.9942

KEYWORDS
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Introduction

Overview

Internet and mobile phone technology have opened new ways
to deliver health-related counseling and therapy making health
care more accessible to people, especially for those who suffer
from chronic illness and live far from hospitals and qualified
therapists. Several advantages over face-to-face treatments such
as convenience, reduced cost, and the ability to adjust plansand
feedback to a participant’s individual needs are reported [1].
Treatments delivered by the internet can also enhance health
literacy and health-related knowledge and support people to
copewith their health problems|[2]. Challenges a so exist, such
as technological problems and absence of face-to-face
interaction. When transforming face-to-face interventions into
onlineinterventions, thereis aneed to evaluate if, and how, the
principles of theintervention are applied in the new modus, but
only afew studiesin this field are reported [3]. To avoid Type
| (ie, regject the null hypothesis) and Type I (ie, reject the false
null hypothesis) errors, due to misinterpretation of intervention
results, it is essential to plan, monitor and evaluate Treatment
Fidelity (TF). The Nationa Institutes of Health (NIH)
established a Behavior Change Consortium (BCC) and defined
TF as “the methodological strategies used to monitor and
enhancethereliability and validity of behavioral interventions”
TF is a continuous evaluation of different aspects of the
intervention essential to enhance reliability and validity of the
independent variables. A high level of TF assures that the
treatment protocol is performed as intended. Although
approaches to establish TF in Web-based interventions differ
from those used in interventions delivered in person, the same
fidelity evaluation regquirements need to be applied [4].

TheNIH BCC aso developed a TF protocol with the following
5 principal areas: (1) study design that builds on strategies to
ensure that the stated hypotheses can adequately be tested in
relation to the underlying theory and clinical processes, (2)
provider training to ensure that all treatment providers have
been satisfactorily trained to deliver the intervention, (3) delivery
of treatment that build on strategies, for example treatment
monitoring, to ensure that the intervention is delivered as
intended, (4) treatment receipt strategies that involve assessing
and optimizing the degree to which the participant understands
and demonstrates knowledge to use treatment skills, and (5)
treatment enactment that involves assessing and optimizing of
the degree to which the participant applies the skills learned in
treatment in daily life. [5,6]. According to the results of a study
performed by Eaton and colleagues[4], the NIH BCC Treatment
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Fidelity Guidelines were relevant when establishing TF for
online delivered interventions.

The purpose of this study was to investigate the therapists’
adherence [7] to the treatment protocol and participants’ and
therapists experience with the mobile phone delivered
intervention with electronic diaries (e-diaries) and written
feedback based on A cceptance and Commitment Therapy (ACT)
for persons with Diabetes Mellitus Type 2 (DMT2). Based on
thisinvestigation the 5 areas of TF recommended by NIH BCC
were evaluated.

In addition to the recommendations from the NIH BCC, it is
important to emphasize that an evaluation of TF of
technology-based behaviora interventions carries additional
challenges due to their dynamic and highly individualized
nature, and elements associated with such characteristics need
therefore to be evaluated as well [8]. By evaluating fidelity, it
is possible to investigate if theory-based processes of the
intervention are the primary mechanism of change outcomes
and if they alow for precise replication and comparison amongst
interventions [9].

Acceptance and Commitment Ther apy

ACT isreferred to asthethird generation of Cognitive Behavior
Therapy (CBT). Based on Functional Contextualism Philosophy
and Relational Frame Theory [10], the objective of ACT isto
improve patients’ functioning and quality of life by increasing
psychologica flexibility, referred to as the ability to behavein
accordance with life values and long-term goals also when
interfering thoughts, emotions, and bodily symptoms are present
[11]. Psychological flexibility can be achieved as the result of
the treatment combining the 6 processes of ACT (see Table 1).
These processes are overlapping and interrelated and can be
introduced in different orders [10-12]. In most ACT-based
treatments, exercises and metaphors are frequently used to
discuss behaviors that may appear counterintuitive [13,14].

ACT shares critical features with traditional CBT approaches,
such as behavior activation. Also, differences exist, as
acceptance and cognitive defusion strategies are relatively
unique for ACT [11,15]. The use of therapy based on theory,
such as ACT, increases the chance that interventions aiming to
support self-management in chronic illness will be effective.
Clinical psychologists and health care professionals in related
disciplines also play avita rolein the treatment of people with
long-term conditions [16]. ACT has been evaluated in severa
randomized controlled trials for persons with DM T2 and other
chronic conditions, and results confirm the utility of this
approach for improving health outcomes [14,17-20].
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Table 1. Acceptance and Commitment Therapy subprocesses.

Neset d

Subprocess Definition

Values

Committed action
on the way.

Acceptance

Contact with the present moment
without judgment.

Self as context

Cognitive defusion

The deeply meaningful elementsin aperson'slife. Values concern the ideals we have and how we want to live.

Specific and concrete action plans guided by one's val ues, which also takes into account and anticipate barriers

Openness to experience, urges, emotions, and thoughts allowing them to come and go without a struggle.

Being fully aware of the psychological and environmental events with openness, interest, receptiveness and

Allows people to be aware of psychological content without linking it to their personal identity.

A process where people learn how to gain a perspective regarding one's thoughts, and thus manage to see their

own thoughts as an outside observer and therefore avoid being affected by them.

Study Background

The intervention concept, involving the use of mobile
technology to deliver the treatment based on behavioral therapy
in a written format, was developed and tested first in the
Netherlands in persons with irritable bowel syndrome (IBS)
[21]. Later the intervention concept was refined and tested in
Norway in persons with chronic widespread pain (CWP) and
DMT?2, respectively [22,23]. The IBS and CWP studies were
randomized controlled trials (RCTs), whereas the DMT2 was
a pilot. The RCTs showed positive results concerning
catastrophizing, acceptance, and illness impact at a 3 and
5-month follow-up, respectively [21,22]. The participants
subjective experiences of the interventions in all studies were
mostly positive. A summarized description of these studies is
presented elsewhere [24]. Recently, a fidelity examination of
the CWP study was published, showing ahigh level of treatment
integrity [25]. We argued in this paper that the methodology
also could be applied to other similar intervention concepts.
Dueto the significance of TFin behavior change interventions,
and the need for more studies in this area, the present study
aimsto investigate TF of the DM T2 pilot studly.

Methods

The current study has a mixed-method design, encompassing
both qualitative and quantitative data aimed to investigate the
TF of amobile phone delivered intervention with e-diaries and
written situational feedback based on ACT to support persons
withDMT2.

Fidelity Strategies
In this section the strategies applied in the DMT2 pilot study

aimed to ensurethe 5 areas of TF recommended by NIH BCC,
will be presented. These areasare: (1) study design, (2) provider
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training, (3) delivery of treatment, (4) treatment receipt, and (5)
treatment enactment.

DMT2 Pilot Study Design

Table 2 shows an overview of the DM T2 pilot study protocoal,
giving asummary of the study described by Nesand colleagues
[23,24]. As mentioned before ACT was the critical component
chosen to support abehavioral changein the personwithDMT2.
To ensure the fidelity of the DMT2 study design, and more
specifically, to ensure that stated hypotheses could adequately
betested in relation to underlying theory and clinical processes,
the intervention was daily monitored by aresearch coordinator
(HE, co-author of the current paper) with an extensive
experience in teaching meditation and previous experience in
writing and supervising ACT/CBT based written situational
feedback aimed to support women with CWP[22]. The feedback
was made available to the participants after being approved by
the research coordinator. The written format of the feedback
facilitated this process.

Provider Training

A therapist wrote the feedback text messagesinthe DM T2 pilot
study. She had a background in health care sciences (nursing)
and attended a 3-day theoretical and practical course in ACT
for clinical purpose held by Professor Steven Hayes, the founder
of ACT. The therapist also received training, by the research
coordinator, in how to analyze the information contained in the
daily e-diaries and to write the feedback text based on the
e-diariesand ACT.

The training in writing of feedback text messages lasted for 1
month. The feedback texts were provided for 2 persons with
DMT2 who participated in a pre-pilot during the development
phase of the intervention. These feedback messages were
composed in cooperation with a multidisciplinary group
including, a diabetes researcher, a diabetes nurse, a
communication researcher, and a nutritionist.
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Table 2. Overview of the diabetes mellitus type 2 pilot study by Nes et al [23,24].

Protocol

Description

Aim

Design

Diaries

Feedback

Therapist

Setting and recruitment

QOutcomes

Study Sample and Data Collection

Statistical Analysis

Effect

Feasibility

Conclusion

To develop and test the feasibility of a mobile phone delivered intervention based on ACT to support self-
management in persons with diabetes mellitus type 2.

Thiswas afeasibility pilot study. The intervention lasted for 12 weeks and started with a personal instructional
meeting followed by daily e-diaries and feedback via a mobile phone. At a scheduled diary-completion time
and to access the feedback, the participant received a short message service (SMS) text message with alink to
asecure website. In thiswebsite, the diary questions could be answered and submitted back to the server, and
the available feedback message could beread. There were 4 audio fileswith mindfulness and rel axation exercises
available on the mobile phones.

The participants completed the e-diaries 3 times daily. Thediariesincluded 16-19 questions chosen for supporting
self-monitoring (level of blood glucose, diet, medicine, and achieved activities) and awvareness of health behavior,
thoughts, feelings and applied self-management strategies. Most of the questions were answered by choosing
predefined alternatives or by scoring on a6-point Likert scale. The diaries also included acomment field giving
participants the opportunity to write a short personal message to the therapist.

A therapist had immediate access to submitted diaries and used the situational information to formul ate person-
alized feedback based on Acceptance and Commitment Therapy. The purpose of the diaries and the situational
feedback was to stimulate self-management. Daily written situational feedback (except weekends) was given
during the first month followed by weekly feedback during the next 2 months. A multi-disciplinary group sup-
ported the development of the feedback during thefirst period of the study. The therapist used information from
the 3 latest submitted diaries. There was no limitation on the length of the feedback.

A nurse that was trained in Acceptance and Commitment Therapy.

The intention was to recruit persons with type 2 diabetes through general practitioners and to include 10-15
participants to test the feasibility of the intervention in this patient group. Because of the difficulty in recruiting
participants through their general practitioners, the social network of the researchers was also informed about
the project and personswere asked if they knew potential candidates. The potential candidateswith type 2 diabetes
that met the inclusion criteriareceived aletter describing the study. Those interested in participating met the
responsible researcher and received additional information. After receiving complementary information, the
patients who agreed to participate in the project signed an informed consent form. All patients were followed
by and received standard care from their general practitioners.

The primary outcome was the level of glycosylated hemoglobin (HBA1¢). This blood test shows the average

level of blood sugar over the previous 2 to 3 months. This indicates how well a person with diabetesis being
controlled over time.

The secondary outcomes were the Audit of Diabetes Dependence Quality of Life (ADDQoL-19) [26], and
Problem Areasin Diabetes (PAID) [27].

Of the 11/15 (73.3%) participants included in the study completed the intervention. The data were collected at
researcher’s and general practitioner’s office. The baseline in the first meeting with the patients (T1) and imme-
diately after 12-week intervention period (T2). The participants were interviewed twice. Thefirst time halfway
through and the second time at the end of intervention period.

Descriptive statistics as means and frequencies were cal culated using IBM SPSSversion 18 statistical software.
A descriptive summary of the information extracted from the interviews was made, the content was analyzed,
and themes identified.

Most of the participants reported positive life style changes. The response rate to daily registration entries was
good and few technical problemswere encountered. The mean HBA ;¢ level the week beforeinclusion was 7.4%
(SD 1.1%) and 6.9% (SD 0.8%) at the end of intervention. More detailed results regarding outcomes are reported
elsawhere [23].

At the end of theintervention, the participants received a questionnaire to assess their experience with the study.
The questionnaire had 5 main areas with the number of items varying from 8 to 20: (1) participation in the
project (12 items), (2) use of mobile phone (20 items), (3) daily diaries (12 items), (4) the received feedback
(12 items), and (5) self-management (8). The scoring range in the answers was on 5-point Likert scales from O
“totally disagree” to 5 *‘totally agree’” The mean for participation in the project was 4.2 (SD 0.5), for the use
of amobile phoneit was 3.3 (SD 0.2), for diariesit was 4.4 (SD 0.4), for feedback it was 4.0 (SD 0.5), and for
self-management it was 3.4 (SD 0.6). The participants also answered 7 questions about the project structure.
There were 2 semi-structured interviews with each participant performed.

The described intervention is feasible and was eval uated as supportive and meaningful. The devel oped mobile
phone application seems apromising tool for supporting patients with type 2 diabetes to make important lifestyle
changes.
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Delivery of Treatment

To ensure that the treatment was delivered as intended, a
framework with principles for the development of feedback
based on ACT was created (see Multimedia Appendix 1). Itis
important to emphasize that the feedback text messages were
tailored and formulated based on several sources of input. The
most important input being the first meeting with the participant,
thedaily e-diaries, and ACT. Therefore, the DM T2 intervention
framework (Multimedia Appendix 1) must be seen as a guide
rather than afixed plan, where the therapist had the freedom to
tailor the strategies to meet individual needs best. It is also
important to emphasi ze that the written feedback text messages
were expected to contain components other than ACT that are
commonly used in treatment such as communication and
motivation strategies. Ultimately, the feedback text messages
were intended to support and stimulate the participants
self-management skills. The strategies applied by the therapist
included positive reinforcement, information, metaphors, ACT
exercises and questions aimed at encouraging mindfulness,
willingness, and engagement in meaningful activities (see
Multimedia Appendix 2, for examples of feedback text
messages).

Treatment Receipt

Inthefirst individual meeting with the potential participants of
the DM T2 project, theintervention was presented and explained.
For those who agreed to participate, a mobile phone and an
instruction manua containing al the necessary information
were provided. The researcher (AAGN) instructed each
participant on how to use the mabile phone, how to complete
the e-diaries and how to access and read the feedback messages.
The participants also received education about the importance
of identifying life values and corresponding goal s according to
the ACT framework. To reinforce this information, they also
received aworkbook with voluntary written exercises aimed to
help them in this process. Contact details were included in the
manual. Thefirst week of the intervention was arun-in-period,
intended to familiarize the participants with the mobile phone,
the e-diaries, and the feedback. All these described practices
were performed to increasethe participants' level of confidence
to understand and undertake treatment-related behavioral and
cognitive strategies. The fidelity of participant receipt of
treatment is essential for Web-based studies due to the missing
or minimal in-person contact, where many interactionsrely on
written communication where providers miss nonverbal cues
of comprehension [8]. In the DMT2 project, participants
interacted face-to-face with the researcher once in the first
meeting, and twice during the data collection period including
the interviews. The participants had only 1 telephone meeting
with the therapist, before the start of the intervention. The
purpose of this call was to establish a therapeutic alliance and
to clarify the participants’ need for support. The first meeting
with the researcher, mentioned before, was al so aimed to receive
input from the participantsrelated to their health-rel ated needs.
By completing the e-diaries, the participants recorded daily their
glucose level, physical activities, diet, and emotions. The
e-diaries contained acomment field, giving the participantsthe
opportunity to write a message directly to the therapist. This
message could be aquestion, extrainformation or acompliment.

http://mhealth.jmir.org/2018/7/e151/
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Treatment Enactment

Fidelity of treatment enactment isvital to ensurethat participants
are regularly engaging with cognitive and behavioral skills
emphasized during the treatment. Cognitive skillssuch asvalue
identification, goal setting, and behavioral skills as action
planning were reinforced to help participants meet their goal
related to blood sugar level, exercise, and diet. The main way
to stimulate the participants’ adherence to these cognitive skills
was through the daily e-diaries and personalized written
feedback. In the evening e-diaries, the participants evaluated if
the feedback was helpful regarding recommended physical
activities, diet, blood sugar level and being aware of what was
important for oneself. They could aso indicate if the feedback
was helpful or not. If the response was that the feedback was
unhelpful, the therapist stimulated the participants to use the
comment field to report their needs. Based on this daily report
the therapist managed to help the participants with their
difficulties, thereby increasing participants’ satisfaction with
feedback and treatment enactment.

Fidelity Assessment

An investigation of the therapist's adherence to the treatment
protocol and participants and therapist's experience with the
intervention was done to assess the TF. Further, a checklist,
containing the list of criteria (25 items) developed by Borrelli
and colleagues [28], was applied. The 25 items are divided into
the 5 TF categories (Design, Training, Delivery, Receipt, and
Enactment) given the possibility to evaluate all the 5 areas of
fidelity recommended by the NIH BCC. The authors of this
checklist defined “ high treatment fidelity” asthose studies that
have kappa=.80 or greater proportion adherenceto their checklist
across al strategies.

Assessment of Providers' Adherence to the Treatment
Protocol

The first part of the investigation of TF was performed by
assessing the therapist’s adherence to the therapy model by
comparing theintended content of the feedback (see Multimedia
Appendix 1) with the actual feedback given. The intention was
to evaluate TF regarding the study protocol, provider training
and deivery of treatment. To investigate the therapist's
adherence, al data material consisting of 251 de-identified
written feedback messagesfrom the DM T2 pilot study [23] that
was sent to the 11 participants who completed the intervention,
was analyzed. Each participant received on average 23 feedback
text messages (range 13-28). For this investigation, a coding
scheme for written feedback texts developed previously [25],
was refined and applied. The refinement process was divided
into 3 steps: (1) a qualitative thematic analysis of the written
feedback messages and identification of different codes
(categories), (2) calculation of interrater reliability as one aspect
of the psychometric quality of the coding scheme, and (3) coding
of al feedback messagesto identify how ACT principles were
applied in the daily feedback text messages.

Qualitative Content Analysis

The feedback messages were analyzed qualitatively using a
combined deductive and inductive approach [29]. The abjective
of the analysis wasto investigate how ACT and other possible
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processes were applied in the written situational feedback that
was given to patients with DM T2 (see Multimedia Appendix 2
for examples of feedback text messages). As afirst step, the
datawere analyzed using adeductive approach [30,31], initiated
by a priori themes representing the six ACT processes (Table
1) [32].

As a second step, the data was re-analyzed inductively using
an editing organizing styleto identify other therapeutic processes
(ie, those not explicitly related to ACT). This iterative process
involved asystematic reading of all datamaterial where relevant
observations were continuously coded and refined for further
interpretation [30].

Interrater Reliability Assessment

Interrater reliability isastatistical measure used to examinethe
agreement between 2 or more people on the assignment of
categories of a categorica variable [33]. It is an important
measure in determining how well an application of acoding or
measurement system works. The kappa statistic was chosen in
this study as it is frequently used to test interrater reliability
[34]. The results can, according to Cicchetti [33], range from
poor to excellent (poor: kappa<.40, fair: kappa=.40to .59, good:
kappa=.60 to.74, excellent: kappa=.75 to 1.00).

To ensurethereliability of the current study, interrater reliability
was assessed in 2 phases. In the first phase, 4 researchers
participated in the process. They received a decoded selection
of datafrom 5 participants of the DMT2 study where al ACT
categories supposedly were represented, and the results were
compared. These results are reported in an earlier publication
[25], and the adaptation in the current paper was performed by
AAGN, EAB and HE. The primary purpose wasto check if the
understanding of ACT-processes had high enough inter-coder
reliability and to verify the need for refining codebook. After
the inter-coder reliability control, areview process of the ACT
codes was conducted. The results were compared and
accordingly, the coding scheme and the codebook were adjusted,
refined, and completed. The data from the 6 participants,
336/579 (58%) text segments derived from 145/251 (58%)
feedback text messages, were used to calculate the fina
interrater reliability in the present study. The 2 researchers
(AAGN &EAB) independently coded these data.

Analysis of all Feedback M essages

When the interrater reliability assessment produced excellent
results (kappa>.75), theremaining datamaterial (106/251, 42%
feedback messages was coded by AAGN using the refined
codebook.

Assessment of Therapists' and Participants Experience
With the Intervention

The second part of the fidelity investigation involved the
assessment of the participant and therapist overall experience
with the intervention. The purpose was to evaluate treatment
receipt and treatment enactment. The participants completed a
guestionnaire at the end of the intervention period and took part
in 2 individua interviews (see Multimedia Appendix 3, for the

http://mhealth.jmir.org/2018/7/e151/

Neset d

interview guide). The first interview was performed halfway
through and the second at the end of intervention period. The
therapist’s experiences were assessed and documented during
several informal meetings. Theseinformal meetingswereremote
(over the telephone) between the therapist and the researcher
(who took notes). During the first 4 weeks, the daily telephone
meetings were held (except during weekends). After the first
month, weekly telephone meetings were arranged until the end
of the intervention. Based on the therapist’s and participants
experiences with the intervention being relevant to feasibility
evaluation, the results regarding this investigation were
presented in a previous study [23]. See Multimedia Appendix
4, for asummary of description and results of these analyses.

Results

Thefirst part of the resultswill be presented in accordance with
the completed checklist of the 5 areas of TF recommended by
the NIH BCC (Study design, Provider training, Treatment
delivery, Receipt, and Enactment). Also, the results of the
analysesthat madeit possible to complete the fidelity checklist
as therapist's adherence to the treatment protocol (qualitative
analysis, interrater reliability, and coding of all feedback
messages) will be presented. The results of participants
experience with the therapist and therapy and therapist’s
experience with the intervention are summarized in the
Multimedia Appendix 4.

Fidelity Checklist

To complete the fidelity checklist, in addition to the results
presented in this section, the overview of the DM T2 pilot study
(Table 2) and its results (Multimedia Appendix 4), were
evaluated. The purpose wasto answer questions about treatment
design, treatment receipt. and treatment enactment. Table 3
shows that 4/25 (16%) items of the fidelity checklist were not
applicable to this study due the design DMT2 being a single
arm pilot study. A total of 20/21 (95%) remaining items of the
fidelity checklist were identified in the present study. These
results, according to Borrelli and colleagues [28], indicate that
the DMT2 study had ahigh level of TF.

Qualitative Content Analysis of Therapist Feedback
Text M essages

The qualitative analysis resulted in arefinement of a complete
coding scheme that was previously developed in a comparable
study [25]. The refined coding scheme included 12 codes,
reflecting six ACT-processes (values, committed action, contact
with the present moment, self as context, acceptance, and
cognitive defusion) and 6 motivation and communication
strategies (advice, empathic statements, stimulate participation,
general information and educational information), see Figure
1. The ACT process, self as context, was not present in the data
material of the previous pain study [25]. This previous study
also identified a motivation and communication code, called
creative communication, which was not present in the data of
the current study.
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Table 3. Assessment of treatment fidelity strategies developed by Borrelli and colleagues [28].

Treatment fidelity strategies Present Absent Not Applicable

Treatment design
Provided information about treatment dosein theintervention condition
Length of contact session(s)
Number of contacts

Content of treatment

X X X X

Duration of contact over time
Provided information about treatment dose in the comparison condition
Length of contact session(s) — —
Number of contacts — —
Content of treatment — —
Duration of contact over time — —
Mention of provider credentials X — —
Mention of atheoretical model or clinical guidelines on which the intervention is based X — —
Training providers
Description of how providers were trained X — —
Standardized provider training X — —
Measured provider skill acquisition post training — X —
Described how provider skills maintained over time X — —
Délivery of treatment
Included method to ensure that the content of the intervention was being delivered as specified X
Included method to ensure that the dose of the intervention was being delivered as specified X
Included mechanism to assess if the provider adhered to the intervention plan X — —
Assessed nonspecific treatment effects X
Used treatment manual X
Receipt of treatment
Assessed subject comprehension of the intervention during the intervention period X — —

Included a strategy to improve subject comprehension of the intervention above and beyond what X — —
isincluded in the intervention

Assessed subject’s ability to perform the intervention skills during the intervention period X — —

=
|
|

Included a strategy to improve subject performance of intervention skills during the intervention
period

Enactment of treatment skills

Assessed subject performance of the intervention skills assessed in settingsin which theintervention X — —
might be applied

Assessed strategy to improve subject performance of the intervention skillsin settingsin whichthe X — —
intervention might be applied

http://mhealth.jmir.org/2018/7/e151/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |e151 | p.123
(page number not for citation purposes)

RenderX


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

JMIR MHEALTH AND UHEALTH Neset al

Figure 1. Refined coding scheme.
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Table 4. Codebook with refined codes definitions.

Neset d

Processes and strategies

Code

Definition

Acceptance and Commitment Therapy

Stimulate patient’s reflection on their own values and the values’ impact on their life.
Helping the patient to identify the difference between goals and values.
Stimul ate awareness of gratitude and enthusiasm regarding feelings for increasing awareness of

Encourage the patient to committed behavior related to their own values through reflecting on
strategies related to well-planned actions, barriers and follow-up.
Stimulate planning of activities in the form of value-oriented goals.

Stimulate breathing exercises for relaxation and variety in activities.
Stimulate attention and awareness of internal and external experiences in the present moment.

Stimulate awareness of thought processes instead thought content.
Stimulate understanding in thought content as aresult of the context in which thoughts are a

Encourage the patient to make active choices to act in accordance with their values, despite the
difficult thoughts, emotions and physical sensations that are unpleasant, but which we cannot

Stimulate the patient be aware of psychological content without linking it to their personal
identity, creating a sense of distance between one's self and one’s thoughts.

Support the patient in the change process by recognizing the patient's willingness and efforts to
Motivate the patient in the change process through the use of praise and positive words.
Provide confirmation of the patient's coping strategies.

Encourage the patient to be their own supporter by practicing self-talk.

Use specific records from patient diary formsin order to deliver aMessage.

Summarize developments during the follow-up period to emphasize key elements.

Give specific and constructive advice for appropriate behavior or to specific situation.
Recognize the patient's experiences and feelings, showing empathy, understanding and respect.

Encourage patient to provide written information to ensure the most individualized foll ow-up.

Provide information of a general, not therapeutic purpose

Values \% .
values.
Committed action CA .
Contact with present moment  PM .
Cognitive defusion CD .
product of the specific situation(s).
Acceptance AC .
directly eliminate or reduce.
Self as context SC .
M otivation and communication
Behavioral support BS .
change behavior.
Advise AD .
Empathic statements ES .
Stimulate participation SP .
General information Gl .
Educational information El .

Explain scientific purpose and significance related to advice, training and or intervention

The refined coding scheme was used to refine the codebook
with definitions (see Table 4). The 251/251 (100%) feedback
text messages, which were divided into 722/722 (100%) text
segments, were coded based on the refined coding scheme and
codebook. Table 5 illustrates examples of text segments and
codes.

Interrater Reliability

The interrater reliability was calculated based on 336 text
segments, delivered to 6/11 (55%) included participants. The
number of observed agreements was 291/336 (86.61%) of the
observations). The number of agreements expected by chance
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was 45.9/336 (13.65%) of the observations), resulting in
kappa=.85 (95% Cl 0.80-0.89) and SE 0.02. Table 6 displays
the distribution of the codes within the dataset.

Analysis of All Feedback M essages

Out of the total text segments coded, 240/722 (33.2%) were
ACT-consistent and 482/722 (66.8%) were coded as motivation
or communication codes. All 11 participants received text
segments that represented the V and CA codes. Of this 7/11
(64%) received text segments representing the CD code, 6/11
(55%) the AC code, 5/11 (45%) the PM code and 3/11 (27%)
the SC code (Table 7).
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Table 5. Example of feedback text messages divided in text segments. AD: advise; BS: behavioral support; CA: committed action; El: education
information; ES: empathetic statements; Gl: general information.

Feedback Text Messages Code Text segments
Number

3 CA Hi. Yesterday | wrote alittle about life values. If one of your life valuesis to achieve better health, you may set
up some goalsto live by according to thislife value. An example of this might be that you may eat and drink
according to your physician’s recommendation. The goals should not be extensive, but narrow and feasible.
The mobile phone you borrowed from the project has severa utilities. Have you tried to use the software for
diabetes that is uploaded there? You can, for example, set up goals regarding food and drink for the day and for
theweek. At theend of the day, record what you have eaten and been drinking, and the system providesfeedback
(smile faces), depending on how you performed in relation to your own personal goals.

3 El The software uses the terms high and low carbs. It may be alittle unclear what these terms mean, so I'm going
to give you alittle explanation now. High carbs are carbohydrates that are rapidly absorbed by the body and
rapidly increases blood sugar. Examples of drink and food that contain alot of carbohydrates are sugary drinks
like soft drinks and pasta respectively. Low carbs are carbohydrates that are slowly absorbed by body and give
aslower blood sugar rise like bread with alot of whole grains and fiber and vegetables.

3 Gl In the manual you received from Ann in the beginning of the project you can aso find this explanation with
other examples.

3 ES Feel free to writein the text field if you have any questions! Have a nice day. Regards Helen.

4 BS Hi. It looks to me like you have a plan for the day concerning taking of your medications, blood sugar control
and eat and drink as recommended. | see that you manage to achieve these goals. That's great!

4 CA You wrote in the middle of the day yesterday that you were at work, and that you had the opportunity to do
physical exercises. Do you want to increase your activity level? Yesterday | wrote about setting up goal saccording
to your life values. The goals shall not be to extensive, but narrow and achievable. Even when you set goals
that you believe are achievable, there may be barriers that impede you from reaching them. It may be helpful
to think about any barriersin relation to the goals you set up to yourself. Barriers may include time, effort or
different thoughts and feelings. Time Barriers are anything that prevent many people from moving toward their
goals. Can you think of any barriers that impede you from reaching your goals? Challenging work and a hectic
schedule are barriers that prevent people being as physically active as they want. If you experience the same,
you may reflect on what strategies you can use to reach your goals, despite the fact that timeis limited.

4 Gl A long weekend is coming up and you will not get feedback until Monday. | will take alook at the diaries you
will fill out during these days, to give you feedback on Tuesday.

4 AD During this period, | would suggest that you reflect on what | have written to you in the feedback text messages
so far. This because reflection can lead to awareness of things that are important to you. | wish you a nice Pen-
tecost weekend! Regards Helen

Table 6. Distribution of the codes used in the interrater reliability analyses. Dashes indicate the absence of codes. AC: acceptance; AD: advise; BS:
behavioral support; CA: committed action; CD: cognitive defusion; El: education information; ES: empathetic statements; Gl: general information;
PM: contact with present moment; SC: self as context; SP: stimulate participation; V: values.

Code Vv CA PM CD AC sc BS AD ES sP Gl El SUM

v 29 — 3 — — — — — — — — — 32

CA 3 46 — — — — — — — — — — 49

PM — — 1 — — — — — — — — — 1

CD — — — 9 6 — — — — — — 2 17

AC — — — — 3 — — — — — — — 3

sc — — — — — 6 — — — — — — 6

BS — 2 2 3 — — 75 — 7 — — — 89

AD — 1 3 — — — — 29 1 — — — 34

ES — 1 — — — — — — 11 — — — 12

sP — — — — — — — 1 — 7 — — 8

Gl — 2 — — — — 1 — 3 2 45 — 53

El — — — 1 — — — — 1 — — 30 32

SUM 32 52 9 13 9 6 76 30 23 9 45 32 336
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Table7. Overview of all datamaterial coded. Dashesindicate the absence of codes. AC: acceptance; AD: advise; BS: behaviora support; CA: committed
action; CD: cognitive defusion; El: education information; ES: empathetic statements; GI: general information; P: participant; PM: contact with present
moment; SC: self as context; SP: stimulate participation; TF: total feedback messages; TTS: total of text segments; V: values.

P TF \Y CA PM CD sc AC BS AD ES SP cc Gl El TTS
1 21 6 14 — 2 — — 14 7 4 2 — 11 2 62
2 25 12 22 3 — — — 29 8 27 7 — 15 5 128
3 15 3 7 — 2 — 2 7 5 2 6 — 9 6 49
4 18 7 13 — — — — 14 2 2 9 — 12 3 62
5 27 4 12 — 3 — 2 17 6 5 6 — 6 6 69
6 26 6 14 — 3 — 4 18 10 — 1 — 6 2 64
7 13 2 4 — — — — 12 2 7 — — 5 7 39
8 27 5 12 2 — 1 2 14 3 2 3 — 5 10 59
9 24 6 4 2 3 — 3 9 12 9 3 — 8 7 66
10 28 7 10 2 3 1 — 15 3 4 1 — 6 8 60
11 27 6 10 2 3 4 3 15 4 4 1 — 6 6 64
SUM 251 64 124 11 19 6 16 164 62 66 39 — 89 62 722
Discussion the CWP-study, it wasincluded asacomponent inthe e-diaries.

Principal Findings

To increase treatment integrity and consequently the validity
of behavioral interventions and implementation, assessment of
TF is necessary. The methods of implementing and evaluating
TF need to be adjusted for Web-based technol ogy interventions
due to the variability within and across these interventions [6].
In this DMT2 pilot study, the 5 areas of TF recommended by
NIH BCC were applied. Another TF framework that could have
been applied in this study is described by Dabbs and colleagues
[8]. Their TF framework was developed for Web-based
technology-interventions and also recommends the evaluation
of participant’ acceptance of the intervention using the
Technology Acceptance Model scales [35]. The Acceptance
Model scales were not applied in the DMT2 pilot study. Still,
owing to the importance to investigate the technology
acceptance for the fidelity evaluation in mHealth interventions
[8], several questions about this theme were included in the
self-reported questionnaire developed to evaluate the DMT2
pilot study [23]. The positive results regarding participants
acceptance of the used technology reported in the DM T2 pilot
study may have contributed to the positive results of the current
study regarding treatment receipt and enactment.

The evaluation of the TF, in the current study, was based on the
analysis of the delivered feedback messages and by assessing
participants’ and therapist's experience with the intervention.
Theanalysis of the 251/251 (100%) written feedback messages
was possible by dividing them into 722/722 (100%) text
segments and subsequent coding of each segment. A comparison
of the refined coding scheme and codebook with the ones
developed in aprevious study [25], revealed 2 differences. The
first was the presence of the self as context and the second was
the absence of creative communication. This result confirms
that ACT processes can successfully be delivered in a written
format, including self as context. Although the ACT process
self as context was not present within the provided feedback in

http://mhealth.jmir.org/2018/7/e151/

The use of communication strategies is a necessity in all
behavior changeinterventions. M otivation elements contribute,
along with support, to stimulate the participantsto complete the
intervention. In the present study, 6/7 (85.7%) codes (compared
with the previous study) [25] related to
motivation/communication strategies were found after the
gualitative content analysis. The use of creative communication
(absent in the present study) can be perceived asatherapist style
of communication and may not influence the results of the
fidelity analysis.

Anaysis of texts has become a vauable research tool in
numerous areas and coding is a crucial part of these analyses.
For establishing TF, aprerequisite for such analysisisto ensure
firm consistency between the text and the coding. Quality
control of thisconsistency isessential torelatetheresultsto the
treatment [36]. In the present study, we achieved an excellent
level of interrater reliability. This result confirmed that the
coding scheme and the codebook were reliable tools for
analyzing al feedback messages making further analyses
possible. In short, the results of the feedback analyses showed
that all participantsreceived the text segments coded as“ values’
(V) and “committed action” (CA). These two ACT-processes
are essential to build up participants understanding of the
therapeutic process. Not all participants received text segments
representing all ACT codes. It is important to emphasize that
although the devel opment of feedback messages was based on
ACT, this does not imply that all ACT processes are required
for the treatment of each participant.

The excellent representation of the different ACT codesin the
feedback messages (Table 7) confirmsthat these were developed
according to the ACT framework and principles (Multimedia
Appendix 1). This means that the intervention was delivered
according to the chosen theory and as intended, indicating that
the TF regarding study design, provider training, and treatment
delivery was effective.
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The use of ACT-elements may have contributed to the positive
results achieved in the DMT2 pilot study [23]. As the impact
of Web-based interventions increases, theory is used more
extensively [16]. According to Riley (2011), theories may need
to be revised to fit the new format of Web-based and mobile
interventions [37]. Our experience is that applying ACT in a
written format is well suited for Web-based interventions and
enables and facilitates the analysis regarding TF. A total of
806/2231 (36%) of the coded text-segments in the previous
study [25] were ACT codes against 240/722 (33%) in the present
study. These results can indicate that communication and
motivation strategies are essential elements of the feedback
messages to deliver ACTSs therapeutic processes in a written
format. This hypothesis needs further investigation.

Despite the positive effects achieved in ACT-based
interventions, it is common for the achieved effectsto diminish
over time, with thereturn of old cognitions and activity patterns
[38,39]. Other studies also show that the long-term effect of
cognitive behavioral therapiesisgeneraly limited [40,41]. This
may indicate a need for more continuity and alonger duration
of the intervention to support self-management in people with
chronicillness. Theresultsregarding participants’ (self-reported
guestionnaire and interviews) and therapist's experience with
the project indicate that the therapist was capable and qualified
and that the participants acquired knowledge regarding their
diabetes, treatment skills and how to apply this knowledge in
their daily life (treatment receipt and enactment). Despite the
positive results, the use of a self-reported questionnaire to assess
the therapist’s experience with the project would have been
morereliable. Thefidelity evaluation was done by applying the
checklist developed by Borelli and colleges and showed a high
level of TF. Thisfidelity ng tool was based onthe 5 areas
of TF recommended by NIH BCC being suitable for this study
purpose supporting the findings of a previous study [4].

TF in online delivered intervention is an emerging area of
research [42]. Therefore, methods of evaluating TF adapted to
the different kinds of online interventions is needed. In the
present study, the reliable and precise evaluation of therapist's
adherence was possible due to a coding scheme and a codebook
developed in a previous study [25]. A similar method was
applied in arecent study aimed to develop and evaluate ascale
for assessing therapist fidelity in Web-delivered cognitive
behavior therapy [42]. The concept of using a coding system
to evaluate abehavior intervention delivered in awritten format
provides input for future studies.

Strengthsand Limitation

The coding scheme applied in the present study showed to be
reliable and valid to investigate several areas of TF. In this
study, a coding scheme and a codebook for ACT-oriented
Web-based persona feedback developed in a previous study
were refined maintaining the high level of interrater reliability.
Results based on the refined coding scheme showed that the
feedback provided complied with core ACT principles. The
reliability of the investigation of the therapists competence
could be improved by the development of self-reported
guestionnaires to be filled in by the therapists.

http://mhealth.jmir.org/2018/7/e151/
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Thefact that the DM T2 intervention required e-diaries 3 times
daily could be perceived as potential burden for the participants.
The high percentage of dropouts 4/15 (26.7%) indicates that
participants believe this as well. The DMT2 pilot study
percentage of dropoutsisequivalent to resultsthat are reported
in a comparable study [22]. However, it is important to
emphasize that the participants who left the DM T2 pilot study
never started the intervention. Despite being favorable to the
intervention at thefirst meeting, they believed that to participate
in the project would be too time-consuming, especially when
completing three e-diaries a day. In contrast, all participants
who started completed the intervention. Their experience with
completing the diaries was assessed and reported elsewhere
[23]. Only 2/11 (18.2%) participants would prefer fewer
e-diaries and questions. A comparable study reported a higher
level of participants burden, 3/6 (50%) participants considered
the number of questionsin each diary to be too high [43]. The
number of questionsin the DMT2 was fewer compared to this
similar study, and this can explain the better results. However,
it isessential to bear in mind the need to reduce the burden on
the respondents as much as possible, as it has an adverse effect
on the respondents’ motivation and thereby impacts negatively
on their response quality and TF [44]. It is essential to identify
the ideal number of diaries and questions delivered per day to
decrease the participant burden and subsequently reduce the
risk of dropouts. Furthermore, it isimportant to gain an in-depth
understanding of participants’ reasonsfor early withdrawal. We
encourage other researchers to consider this when planning
large-scale studies requiring a large sample size and TF
evaluations.

Regarding providers burden, the DMT2 pilot study revealed
that it was time-consuming for the therapist to give feedback.
The system did not show historical information as a summary,
and it was necessary to navigate through several pages to get
needed information. Also, the therapist had to look at the
feedback history to avoid repeating information. After the first
month, when a feedback bank was created, the time used to
formulate the feedback text messages was reduced to 1520
min, alevel that providers reported as suitable [23].

Current Web-based interventions, which utilize written
personalized therapeutic feedback tend to be time-consuming
for the health personnel involved [22,23]. The possihilities
within information technology regarding automation of parts
of the feedback messages should, therefore, be explored [25].
As discussed later in the practical implication section, the
automation of the feedback messages using algorithms would
be possible to secure the TF in these kinds of interventions
regarding study design, monitoring and treatment delivery. The
potential to use artificial intelligence to analyze the relation
between diaries, feedback and results continuoudly, is a
fascinating area for future research.

The results of the present study showed that provider training
was done according to the NIH BCC recommendations. The
small number of participants (n=11) and the therapist (n=1),
enabled thetraining and monitoring of the therapist as described
in the method section. For a large-scale intervention, a
systematic TF project should include standardized therapist
training program with afocus on the appropriate diagnosis and
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the appropriate treatment approach. The standardization allows
for the specific skills required for intervention delivery to be
improved and accentuated within providers regardless of
inherent differences [6]. The therapists should also attain a
certification after a comprehensive training process. All the
therapists should have a bachelor degree in health care like
medicine, psychology, physiotherapy or nursing because of the
physical and mental symptoms of the participants’ disease and
the nature of theintervention (formulation of feedback messages
based on information from the e-diaries and ACT) [24]. The
monitoring process could be done by midterm randomized
audits.

Asshown in Table 2, the results of the DM T2 pilot study were
positive. As expected, due to the small sample size the results
were not statistically significant. Because the results of the
present study indicate ahigh level of TFitispossibleto assume
the DMT?2 pilot intervention results were reliable. This again
provides a firm basis to recommend a RCT. This can provide
a more qualified answer regarding whether the offered
intervention will help more people with DMT2 to achieve
self-management and increase their quality of life.

As mentioned in the current paper, by evaluating fidelity, it is
possible to investigate if theory-based processes of the
intervention are the primary mechanism of change outcomes
and if they alow for precisereplication and comparison amongst
interventions.

The main contribution of this paper to the use of Web-based
mobile technology in health literature regarding TF is the
method of analyzing therapist's adherence to the treatment
protocol. The method presented in the current study allowsmore
precise results when compared to the methods that are
commonly used in TF studies based on observation and
interpretation from another professional. Resultsthat are based
on the evaluation of people may carry several biases(ie, personal
experience, humor, knowledge) that may influence the results.

With the method used in the present study, it was possible to
demonstrate that the intervention based on ACT was performed
as proposed, confirming that the chosen theory wasthe primary
mechanism of change outcomes. However, the use of the method
of evaluation of therapists’ adherence proposed in the current
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study islimited to atreatment delivered in awritten format. To
the best of our knowledge, thisisthe second study that analyses
therapists adherence to the study protocol using this method.

Practice Implications

A reliable and valid coding system as defined in this study is
essential for exploring therapeutic change processesin thistype
of mobile phone-delivered interventions. The coding scheme
has the potential to lay a foundation for the automation of
feedback messages, together with a bank or database of these
messages. Automatic feedback could be generated from a
database and combined with individualized feedback if the
diariesindicate thisto be required. The intervention could then
be developed as an application for mobile phones, reducing
therapist time and costs. Making such an application available
as support for clinical practices and in maintenance treatments
would help treat people who do not have easy access to health
care services. The use of new and innovative technology to
make thiskind of behavior change interventions more effective,
while still taking care of the patients’ individual needs, suggests
an exciting future area of research. The first step would be to
develop and test the concept of automation in an RCT. In a
further development of the intervention, it would beinteresting
to explore the effects of using more technologically advanced
capabilitiesto gather rich and complex data. Thiscould include
sensors to measure activity levels and context-triggered diary
questions [37,45]. Also, the automated feedback on registered
data could be provided in progress charts, graphs, and
summaries. Educational information could be given by
interactive animations or videos [46].

Conclusion

Web-based interventions are becoming increasingly popular
and appear to be an essential and cost-effective supplement to
everyday health care in the near future. The evaluation of TF
is essential to interpret the results of interventions and its
underlying working mechanisms. A different methodology is
used to deliver interventions via the internet. To achieve TF,
the eval uation methods must be adjusted to each kind of online
treatment. By doing this, the TF in Web-based interventions
can be maintained and monitored reliably.
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Multimedia Appendix 1

Framework and principles for development of feedback based on ACT.
[PDE File (Adobe PDF File), 23KB - mhealth_v6i7e151 appl.pdf |
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Multimedia Appendix 2
Example of a sequence of feedback from the first week of the project

[PDE File (Adobe PDF File), 33KB - mhealth_v6i7e151_app2.pdf ]

Multimedia Appendix 3
Interview guide for evaluation of the DM T2 pilot study.

[PDE File (Adobe PDF File), 22KB - mhealth_v6i7e151_app3.pdf ]

Multimedia Appendix 4
Assessment of provider’'s and participants' evaluation of intervention.

[PDFE File (Adobe PDF File), 27KB - mhealth_v6i7e151 app4.pdf |
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Abstract

Background: Hypertension isachronic disease that is considered to be a public health problem and requires efforts by patients
to manage themselves. The global growth in the use of mobile phones and tabl ets has been accompanied by the increased use of
health apps. Many of these apps support the self-management of hypertension and, therefore, they have the potential benefits of
lowering blood pressure. Despitethis, thereis currently alack of evidencefor their effectiveness, usability, and patient satisfaction
with their use.

Objective: A systematic review was conducted to assess the effectiveness of apps in lowering blood pressure, as well as their
usability and patients' satisfaction with their use.

Methods: We conducted searches in the following databases: MEDLINE (OVID), EMBASE (OVID), PsycINFO (OVID),
CINAHL, the Cochrane Central Register of Controlled Trials(CENTRAL, The Cochrane Library), IEEE Xplore ASSIAN, Google
Scholar and the main Arabic databases Al Manhal, AskZad, and Mandumah. We looked for studies that used apps in the
self-management of hypertension from 2008-2016. We also checked the reference lists of the review papers and al the primary
studies for additional references.

Results: A total of 21 studies with atotal of 3112 participants were included in the review. Of the 14 studies that assessed the
effectiveness of the apps in lowering blood pressure, 10 (71.4%) studies (6 RCTs and 4 nonrandomized studies) reported that
using the apps led to significant decreases in blood pressure and seemed to be effective in the self-management of hypertension.
Of these 10, only 2 (20%) RCTs and 3 (30%) nonrandomized studies had alow—maoderate risk of bias. The results of thisreview
are inconclusive regarding which combinations of functionalities would be most effective in lowering blood pressure because of
variation in the studies’ quality, but the data suggest that apps incorporating more comprehensive functionalities are likely to be
more effective. In all the studies that assessed the usability of the apps and users' acceptance of them, all the apps seemed to be
accepted and easy to use.

Conclusions: Most of the studies reported that apps might be effective in lowering blood pressure and are accepted by users.
However, these findings should be interpreted with caution, as most of the studies had a high risk of bias. More well-designed,
large-scale studies are required to evaluate the real effect of using apps in lowering blood pressure and to identify the most
effective functionality combinations for lowering blood pressure.

(JMIR Mhealth Uhealth 2018;6(7):€10723) doi:10.2196/10723
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Introduction

Hypertension, in which the blood pressure (BP) in the arteries
israised, isone of the most common chronic diseasesin adults.
Patients can be diagnosed with hypertension when their systolic
blood pressure (SBP) and diastolic blood pressure (DBP) are
above 140/90 mm Hg, respectively [1]. Hypertension has been
recognized as a major risk factor for many diseases, such as
renal failure, heart disease, and stroke [1]. Despite the effect of
lowering BP on reducing the risk of renal and cardiovascular
disease, most people with hypertension poorly control their BP
[2]. Therefore, it isimportant to encourage patients’ invol vement
in controlling their BP.

Self-management is considered an important element of chronic
care management [ 3]. Self-management demandsan activerole
of patientsin managing their symptoms, treatment, psychosocial
and physical effects, and changing lifestyle[4-6]. Achieving an
optimum level of self-management behavior is difficult and
requires considerable effort from patients. Mobile health
technology (mHealth), defined as the use of mobile devices to
deliver health care[7], hasthe potential to facilitate and optimize
patients self-management [8-11]. This can be performed by
integrating health care with everyday life by delivering and
collecting health information and services in a convenient,
accessible, and interactive mode [12,13]. The use of the new
generation of these mobile devices, including mobile phone and
tablets, hasincreased rapidly in recent years, and it is estimated
that by 2018 mobile phones will be used by one-third of the
global population [14]. Mobile phones have become an
important platform to deliver health to patients through health
apps. The rapid growth in the use of these devices has been
accompanied by a huge expansion in health and health-related
behavior apps, and more than 100,000 of these are used by
millions of people [14,15]. Many health apps are targeted to
support people with hypertension in their self-management by
offering self-monitoring activities, reminders, tailored
information, and feedback [16,17].

To the best of our knowledge, despite the potential benefits of
appsfor peoplewith hypertension and the increased use of these
apps, a synthesis of studies on their effectiveness in this
population has not been conducted. This systematic review will
synthesize the existing evidence on the effectiveness of appsin
lowering BP, aswell astheir usability and patients’ satisfaction
with their use.

Methods

A systematic review was conducted and reported per the
PRISMA statement for systematic reviews[18,19].

Eligibility Criteria

The inclusion criteria were dependent on PICOS [18] as
described below:

Population

The population was people with hypertension (18 years of age
and over) and health care professionals (HCPs) supporting
people with hypertension in their self-management in any care

http://mhealth.jmir.org/2018/7/€10723/
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setting, without limitations on the participants’ gender, age or
socio-demographic characteristics. Studies about people with
chronic illnessincluding hypertension as one of their inclusion
criteriawere also included.

I ntervention

Theintervention was amobile phone or atablet app that collects
data, provides feedback, connects with HCPs or informs about
hypertension to support the self-management tasks of
hypertension. These tasks include self-monitoring of BP and
other biometrics, healthy eating and drinking, being physically
active, maintaining a healthy weight, adhering to medication,
and managing stressand coping [1]. The app should also enable
interactions between the user and the device via a set of
interfaces (eg, avisua user interface). Studiesin which ahealth
app was the only method of delivery or in which it was a
component of ablended intervention were also included.

Comparator

The comparator was either usual care or any other control
intervention. Articles with no comparison were also included.

Outcomes

The outcomes of studies that were considered are: levels of BP,
SBP, and DBP, as well as usability, attitudes, and satisfaction
with mobile apps.

Study Designs

Thee€ligible study designswere all quantitative, qualitative, and
mixed-method studies that explore the self-management of
hypertension using apps. Pilot studies were included because
they might enable us to understand the status of apps.

Data Sources and Search M ethods

The electronic databases EMBASE (OVID), MEDLINE
(OVID), PsycINFO (OVID), the Cochrane Central Register of
Controlled Trials(CENTRAL, The Cochrane Library), CINAH,
ASSIAN, and IEEE Xplore were searched, as was Google
Scholar. Hand searching through the reference lists of included
studies and systematic reviewswas al so conducted to find more
related studies. These databases were searched using the
concepts of hypertension, mobile apps, telemonitoring, and
self-management (see Multimedia Appendix 2 for the
MEDLINE search strategy). The search strategy was limited to
English research published from 2008, when the first app store
was launched, [12] to June 25, 2017.

Exclusion Criteria

Studies were excluded based on the criteria in Textbox 1.
Conference abstracts, protocols, commentaries or editorials or
studies not in English or Arabic were not included.

Study Selection

Reference management software (Endnote) was utilized to
collect results from databases, and to de-duplicate articles. Two
reviewers (TA and SA) independently scanned titles against the
digibility criteriaand in asecond phase the abstracts of selected
titles. Cohen kappa was cal cul ated to determine the agreement
between the reviewers for each step of selecting titles and
abstracts.

JMIR Mhealth Uhealth 2018 | val. 6 | iss. 7 |€10723 | p.135
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH

Textbox 1. Exclusion criteria.

Alessaet al

1. They were not aimed at hypertension or studies focusing only on primary prevention of hypertension or hypertension during pregnancy.
2. They examined interventions accessed by a personal digital assistant, desktop compuiter, laptop, netbook
3. They examined interventions accessed by a mobile phone or traditional tablet that did not permit participants to download or use any app from

the app store.

4. They solely used messaging including short message service (SMS) text messaging, multimedia messaging service (MMS), websites, calls,

emails or Web-based apps.

5. A mobile device was used to transmit information provided by a blood pressure monitoring device to care providers or clinicians, but in which

there was no interaction with the user.

6. They describe only the technological development of a mobile system.

Titlesand in the second phase abstractsreceived 2 pointsif they
met the criteria, zero if not and 1 point when there was doubt.
If the sum of reviewer scoresfor atitle was 2 or more, the study
was included for the next phase. Otherwise, it was excluded.
Two reviewers separately reviewed the full articles when the
total scores for the abstract equaled 2 points or more. Any
disagreements were resolved through a discussion with other
researchers (LdW and MSH).

Data Extraction and Quality Assessment

Two reviewers independently (TA and SA) extracted data and
assessed the quality of the included studies. Any disagreement
was resolved through adiscussion with other researchers (LdwW
and MSH) until consensus was reached.

Data were extracted using a standardized form, which was
piloted by the reviewers. The Cochrane Collaboration’s Risk
of Bias Tool was utilized to assess randomized controlled trials
(RCTs) [20]. Nonrandomized quantitative studieswere eval uated
using 3 tools provided by the US National Institute of Health
(NIH), March 2014 version: 1 for observationa studies, 1 for
controlled studies, and 1 for pre-post studies without control
group [21]. The Critical Appraisal Skills Programme (CASP)
was utilized for the quality assessment of qualitative studies
[22].

Data Synthesisand Analysis

Anoverview of the basic characteristics of the studies, including
the intervention, population, and outcome, was summarized in
atable. Data were not combined because of differencesin the
designs of the studies. A narrative synthesis was conducted
instead [18,23]. All research findings were classified according
to review objectives.

Results

Summary of Search Results

The review steps are summarized in Figure 1. Searching the
electronic databases yielded a total of 6302 titles. After all
duplicates were removed, 5676 records remained for title
screening. Cohen kappafor agreement between the 2 reviewers
was 0.72. Subsequently, the 2 reviewers (TA and SA) assessed
the remaining 1968 abstracts, Cohen kappa for agreement
between them in that step was 0.83. Of these, 569 went forward
for full-text assessment, supplemented by 3 studies identified
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from reference tracking. A total of 548 papers were excluded
at full-text screening, as they did not meet the criteriarelating
to the participants or interventions, or they were conference
abstracts, editorials, or protocols. This led to a selection of 24
publications. Only 210of these were included in this review, as
2 publications were a subset analysis of a previous publication,
and 1 publication was about a part of the sample of a larger
study described in another publication.

Study Char acteristics

There were 21 studies included in this review. The publication
year of the studies ranged from 2012 to 2017 (see Multimedia
Appendix 1). Most studies (11/21, 52%) were conducted in the
US[24-32] and Canada[33,34], while 7 (33.3%) were carried
out in European countries, including France [35], Sweden
[36-38], Spain [39,40] and Italy [41]. The remaining 3 (14.3%)
studieswere conducted in China[42,43] and South Korea [44].

Of the 21 studies, 9 (43%) were randomized controlled trials
(RCTs) [24,25,27,28,30,33-35,42], 10 (48%) were
nonrandomized studies [26,29,31,32,37,39-41,43,44], and 2
(10%) were qualitative studies [36,38].

Fourteen (14/21, 67%) studies reported on the apps
effectiveness in controlling BP. Of these studies, 4 (27%) aso
assessed user satisfaction and experience with the apps
[27,30,31,39]. Theremaining 7 (33%) studiesthat did not report
efficacy focused on user satisfaction with and attitudes towards
the apps and their usability [26,32,36,38,40,43,44]. The study
duration ranged from 1-12 months. The studiesincluded arange
of 19 to 1012 participants, with atotal of 3112 participants.

Participants’ mean age ranged from 42.4 [27] t0 69.5 [42] years
of age. The population groups of the studiesincluded individuals
with hypertension [24-30,32,36-39,41-44], metabolic syndrome
risk factors [34], obstructive sleep apnea with high
cardiovascular risk [35], and overweight individuals [31]. Of
the 21 included studies, 5 (24%) reported to having used
behavioral theories, such as self-determination theory [24,26,27],
motivational interviewing [30] and theory of planned behavior
[43] to underpin and guide the intervention methods and the
development of thetechnology. The other studies did not report
using behavioral theories. However, an investigation of the
apps functionalities identified recognizable elements of
behavioral strategies.
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Figurel. PRISMA flow diagram.

Alessaet al

"
-] Records identified through database Additional records identified
8 searching through other sources
g (n=6302) (n=3)
=)
: l
=
L v
Records after duplicates removed
(n = 5676)
—
Records titles screened Records excluded
g (n=5676) R (n=3708)
¢ 7
Records abstracts screened
(n = 1968) _ Records excluded
" (n=1399)
l
* Aﬂ?"ﬂ‘ff;:ﬁ:;‘s Full-text articles assessed Records excluded (n=545),
& dv (n=2 - for eligibility > reasons for exclusion:
E study (n=2) (n =569) * No smartphone or tablet app
= * A part of the (n=243)
g sample of a larger * No people with hypertension
included (n=125)
publication (n=1) * Describing only the
— technological development
(n=40)
+ No English or Arabic
+ languages (n=5)
* Conferences abstracts,
E Studies included in protocols, commentaries or
“E qualitative synthesis editorials (n=132)
= (n=21)
o

All theincluded studies focused on supporting self-management
of hypertension. Nine (43%) of theincluded studieswere aimed
to enhance self-management without involving clinicians to
monitor patients remotely [29,33,35-38,42-44]. The other 11
(52%) studies mainly involved clinicians or other HCPs
remotely monitoring patient data and health status
[24-28,30-32,39-41], while the remaining study involved the
researcher remotely monitoring patient data and alerting
physiciansif needed [34,36]. Inthese 11 (52%) studiesinvolving
HCPs, the HCPs provided feedback, including a medication
plan or adjustments [24-27,39,41], regular online coaching
consultation, [31] instructions [28,30], or communication with
patients [40,42] (see Multimedia Appendix 1).

Intervention Characteristics

In most studies, an app was supplemented with other
interventions, such asawebsite [28,36-39,41], voice telephone
messages [33], exercise prescription [34], anasal mask and an
auto-titrating machine [35], an €l ectronic medication tray, email,
SMS, or phone call [24-27], and education provided by anurse
[28]. The control group in the controlled studies had usual care.
In some studies, this was combined with the recording of
prescribed exercise [34] and the BP measurements [42] in a
logbook or with the education provided by a nurse [28].

Functionalities of the Apps

The 21 reviewed studies used 16 apps. Fourteen different apps
were used in 14 studies [28-35,39-44], 1 app was used in 3
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studies[36-38], and another app was used in the other 4 studies
[24-27].

The main functions of the apps can be categorized into the
strategies involved: self-monitoring capabilities, goal setting,
the reminder and alert component (the use of prompts or cues),
automatic feedback, educational information, communication
with HCPs and stress management. All 16 apps incorporated
at least one of these functions. Table 1 summarizes the
characteristics of the apps and systems.

The 16 apps have some similar characteristics and
functionalities. All the apps have self-monitoring capabilities
for BP and other health data (medication adherence, physical
activity, eating and drinking, weight, sleep, stress, symptoms,
medication side effect, and self-reflection answers) [24-44].
This enables the user to track their BP and other health data
over timein different formats, including graphical and/or tabular
formats, and access the summary, raw data and/or analyzed
results, the majority of which consisted of the BP, medication
adherence, physical activity, eating and drinking, weight, and
stress. The second most common functionality was a reminder
and alert component that prompts self-monitoring by reminding
patients about their medication time, BP measurements, hospital
visitsor personal goals, or the system alerts another person (eg,
health professional) when a medication dose is missed or when
the BP is higher than the normal level, a feature included in
13/16 (81%) apps [24-29,31-34,36-42,44].
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Table 1. Intervention characteristics (identified by a check mark if they were met).

Study Functionalities
Self-monitoring  Use of prompt/cues  Educational Communication Automatic feedback  Stressmanagement
(reminder and dert)  information  with others

Anglada-Marti'nezeta [39] O O ad ad ad —
Bengtsson et a [36] O O — — O —
Bengtsson et al [37] ad O — — ad —
Hallberg et al [38] 0 O — — 0 —
Carreraet a [40] O O O O O —
McGillicuddy et a [25] 0 O — — 0 —
McGillicuddy et al [26] O O — — 0 —
Davidson et a [24] O O — — O —
McGillicuddy et al [27] O O — — 0 —
Bloss et al [28] O O 0 O O —
Patel et al [29] O 0 a — — —
Or and Tao [42] O O 0 — O —
Logan et a [33] O O — — —
Petrellaet al [34] ad O — — — —
Albini et al [41] 0 0 — — —
Mao et al [31] O O O — —
Mooreet a [30] O — — O —
Mendelson et al [35] ad — — — —
Kang et a [44] O O — O —
Sunet al [43] O — — — — _
Banerjee et a [32] O O — O O O

Educational information [28,29,31,35,39-42,44] and automatic
feedback [24-28,30,32,33,36-40,42,44] were the next most
common features. Of 16 apps, 6 (38%) apps provided atool for
the users to communicate with their families and HCPs
[28,30-32,39,40] and 1 app (6%) supported stress management
[32]. Although setting goals is one of the most important
techniques in the self-management of hypertension [45], most
included studiesreported that goal swere set through negotiation
and discussion between the patients and their HCPs without
explicitty mentioning setting them in the app
[24-27,29-31,34-38,42].

The most common comprehensive combination of strategies
was sdf-monitoring, educational information, automatic
feedback, reminders, and alerts. This combination was found
in 5/16 (31%) apps[28,39,40,42,44], 3 of which also provided
communication with HCPs [28,39,40], and patients families
[28]. The second most frequently used combination was
self-monitoring and prompt or cue, with the addition of either
feedback [24-27,32,33,36-38] or educational information
[29,31,41], with 2/7 (29%) apps providing communication with
HCPs[31,32]. Theremaining 4/16 (25%) appsonly focused on
self-monitoring  [30,34,35,43] with either educational
information [35], automatic feedback and communication with
HCPs [30] or reminders or aerts[34] (see Table 2).
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Regarding the automatic feedback feature, feedback was
provided to participants using different approaches, either active
feedback through self-care messages [33,40,44] and
reinforcement messages [24-27], and passive feedback by
representing data in different color codes to indicate whether
measurement levels deviated from the norma range
[28,32,40,42]. The communication with HCPs was through text
messaging chats in the apps [30-32,39,40], with 1 of these 5
apps (20%) [31] adding consultations via video chats or calls
in the app.

Data Input Methods

Most apps (14/16, 88%) used self-monitoring of BP and
supported other self-monitoring tasks [24-28,30-38,40-44],
while 2 apps (13%) focused solely on self-monitoring of
medication compliance [29,39]. In 50% (7/14) of the apps, the
collected BP readings were transmitted automatically from BP
monitoring devices to the app using wireless transmission. In
3 of these 7 apps (42.9%), Bluetooth was employed
[24-27,33,34] while for the remaining 4 apps (57%) the
transmission method was not described [28,30,35,42]. Manual
entry of BP data was used in 50% of apps (7/14)
[31,32,36-38,40,41,43,44], one of which (14%) aso
automatically transmitted data [31].
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Table 2. Common combinations of app functionalities (N=16).

Alessaet al

Common Combination n (%)
Self-monitoring + automatic feedback + prompt or cue (reminders and alerts) + educational information 5(31)
Self-monitoring + prompt or cue (reminders and alerts) + automatic feedback 4 (25)
Self-monitoring + prompt or cue (reminders and alerts) + educational information 3(19)
Self-monitoring + communicate with health professional + automatic feedback 1(6)
Self-monitoring + prompt or cue (reminder and alerts) 1(6)
Self-monitoring + educational information 1(6)
Self-monitoring 1(6)

Blood glucose readings were also wirelessly transmitted in 3
of the 16 apps (19%) [28,34,42] and medication data was
wirelessly transmitted in 2 of the apps (13%) [24-27,30]. There
was no description of the technology used. Data was inputted
manually in 3 other apps (3/16, 19%) using different formats,
such as choosing an option or typing [29,39,44]. Other manually
inputted data include: weight in 4 apps (25%) [31,32,34,41],
number of steps walked in two apps (13%) [31,34], reflective
answers representing users expectations toward their BP
readingsin one app [43], answersto questions about well-being,
side effects, symptoms, and medi cation in another app [44], and
other lifestyle aspects such as smoking, stress, and exercisein
2 apps[32,44].

Quality Appraisal

All 9 RCT studies presented some degree of potential biaswhen
assessed using the Cochrane Collaboration’s Risk of Bias Tool.
Three of them were of low to moderate risk of bias (fair-good
quality) because they met most of the criteria[33,35,42], while
the remaining studies were considered to be of high risk of bias
(poor quality) [24,25,27,28,30,34] (see Multimedia Appendix
4). Four of the 9 studies (44%) failed to report and apply random
sequence generation [24,25,27,28]. Seven of the 9 studies (78%)
presented a high risk of bias or information was not explicitly
provided regarding the blinding of participants, personnel, or
the outcome assessor [24,28,30,33-35,42]. Five (5/9, 56%)
studies had a high risk of bias in other areas, such as small
sample size [24,25,27,30,42].

One controlled study presented poor quality because of failure
to apply blinding of the outcome assessor and sample size
justification (see Multimedia Appendix 5). Most observational
studies (4/7, 57%) were found to be of poor quality because of
a high risk of bias or the lack of information concerning the
sampling method and selection [32,39,43,44], and failure to
clearly report the study aims, design, duration, and outcome
measures [32,40], as well as high attrition rate [39,44]. The
remaining 3 (43%) studieswere of fair-good quality [26,31,37]
(see Multimedia Appendix 6). One of the pre-post studies (1/2,
50%) presented poor quality because of selection and attrition
bias [39] (see Multimedia Appendix 7). The two qualitative
studies were deemed to be of low risk of bias as they met most
of the CASP tool’s criteria. However, both seemed to fail to
adequately report the saturation of data during data collection
and the relationship between researcher and participants (see
Multimedia Appendix 8).
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Blood Pressure

Fourteen studies (14/21, 67%) reported outcomes related to BP
[24,25,27-31,33-35,37,39,41,42]. From these, 9 studies (64%)
were RCTs [24,25,27,28,30,33,34,35,42], and 5 (36%) were
nonrandomized studies[29,31,37,39,41]. Only 2 (14%) of them
did not report the effect on DBP [25,31]. BP outcomes were
presented as mean [ 25,27,29,39], mean change[24,28,30,33,37],
or both [31,34,41,42] (see Multimedia Appendix 3).

Asshown in Table 3, 6/9 (67%) studies demonstrated positive
effects on BP [24,25,27,30,33,42], whereas 3/9 (33%) studies
reported no positive impact on BP [28,34,35]. The 6 studies
that demonstrated positive effects showed a significant decrease
in SBP (P<.05). The decrease in the intervention arm ranged
from 8.7 to 34.8 mm Hg [24,25,27,30,33,42]. Significant
decreases in DBP were reported in 2/6 (33%) studies, ranging
from 4.9 to 12 mm Hg [24,33]. Only 1 of the 6 studies (17%)
[30] reported a nonsignificant trend toward greater decrease.

Three out of 9 studies (33%) were of fair-good quality.
However, the remaining 6 studies (67%) were of poor quality
(see Quality Appraisal section for an in-depth discussion of
this). Of the 3 studies that were fair-good quality, only 2 (67%)
were positive. Five of the studies (5/14, 36%) are
nonrandomized [29,31,37,39,41]. Of these, 4 (80%) reported a
significant decrease in BP [29,31,37,41]. This decline ranged
from 5.7 to 10.5 mm Hg and from 4.9 to 6.2 mm Hg for SBP
and DBP respectively (see Table 4). Three of the 5 (60%)
nonrandomized were of good-fair quality and 2 (40%) of the
studies were of poor quality (see Quality Appraisal section).

Of the 6 studies with low-moderate risk of bias, 1 (17%)
reported no significant effect on BP [18]. Five studies, 2 of
which were RCTs (40%) [33,42] that reported positiveimpacts
on BP. Most of these studies (4/5, 80%) used apps with
functionalities including self-monitoring as well as reminders
and alertswith either automatic feedback [33,37] or educational
information [29,31], while 1 RCT used the most comprehensive
combination of strategiesincluding self-monitoring, reminders
and/or aerts, automatic feedback and educational information
[42]. Two other studies (2/14, 14%) [28,39] using apps with
the same comprehensive combination of functionalities
represented a high risk of bias and reported no statistically
significant effects of using the app.
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Table 3. Blood pressure effects and quality of randomized controlled trial (RCT).

Alessaet al

RCT study Follow up N  Systolic blood pressure Diastolic blood pressure
point, month Change Effect Change Effect
Logan et al [33], mean (SD)
I ntervention
Over 24 hours 12 55 -8.7(14.7) Positive® —4.2(9.3) Positive
During the daytime 12 55 —9.1(15.6) Positive® —4.6(9.2) Positive
Control
Over 24 hours 12 55 -1.7(12.1) — -1.1(6.8) —
During the daytime 12 55 -15(12.2) — -1.3(6.6) —
Or and Tao [42], mean (95% CI)
Intervention 3 33 -167(-228t0-10.7)  Postive -8.0(-115t0—4.5) Neutral®
Control 3 30 -—21(-8.6t04.4) — 21(-86t044)° —
Mendelson et al [35]
Intervention 4 54 NRY Neutral NR Neutral
Control 4 53 NR — NR —
Davidson et al [24], mean
Intervention 6 33 -348 Positive  —12 Positive
Control 6 30 97 — -45 —
McGillicuddy et al [25] (mm Hg), mean (SE)
Intervention 12 9 132.2 (3.7) Positive  NR NR
Control 12 9 154.2 (5.7) — —
McGillicuddy et al [27] (mm Hg), mean
Intervention 3 9 121.80 Positive  80.70 Neutral
Control 3 10 13878 — 79.44 —
Mooreet al [30], mean (SD)
Intervention 3 20 -26.3(11.9) Positive  —13.7 (9.4) Neutral
Control 3 22 -16.0(12.1) — -8.2(8.6) —
Petrellaet al [34]
Intervention 13 75 NR Neutral NR Neutral
Control 13 74 NR — NR —
Blosset al [28], mean
Intervention 6 65 NR Neutral  -3.6 Neutral
Control 6 65 NR — —6.1 —

#The app had significant positive effect on blood pressure.
bThe app had neutral effect on blood pressure.

°P<.001.

INR: not reported.
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Table 4. Blood pressure effects and quality of nonrandomized studies.
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Randomized controlled tria study Follow up N

point, month

Systolic Blood Pressure Diastolic Blood Pressure

Change Effect Change Effect

Bengtsson et al [37], mean (SD)

Intervention 2 50 -7(18) Positive®  —4.9 (10) Positive

Control 2 50 NRP — NR —
Patel et al [29] (mm Hg), mean

Intervention 7 50 135 Positive 85 Positive

Control 7 30 NR — NR —
Mao et al [31], mean (SE)

Intervention 4 763 —5.96 (1.64) Positive  NR NR

Control 4 73 NR — NR —
Albini et al [41], mean (SD)

Intervention 6 303 -10.5(6.3) Positive  —6.2(3.8) Positive

Control 6 298 —6.1(6.9) — -3.4(4.5) —
Anglada-Martinez et al [39] (mm Hg), mean (SD)

Intervention 6 42 131.3(9.8) Neutral®  75.4 (6.7) Neutral

Control 6 42 130.2(13.9) — 79.9 (9.6) —

#The app had significantly positive effect on blood pressure.
BNR: not reported.
“The app had neutral effect on blood pressure.

The evidence is therefore inconclusive about which of these
functionality combinationswould be more effectivein lowering
BP, but it suggeststhat appsincorporating more comprehensive
functionalities are likely to be effective.

Usability, Satisfaction, and Attitudes

Two of the 21 studies (10%) explored the usability of the apps
[36,40] and 9 (43%) assessed user satisfaction with and attitudes
toward the apps [26,27,30-32,38,39,43,44], 1 of which (1/9,
11%) also evaluate usability among experts [44]. All of these
11 studies focused on the patient perspective, whereas 5 of them
(46%) also considered the HCPS' perspective[30,36,39,40,44].

Generally, the use of the app was highly accepted by participants
in al 9 studies that assessed user satisfaction
[26,27,30-32,38,39,43,44]. User satisfaction was measured
through the participants rating their experience with the app
[30,31], administration of satisfaction questionnaires
[26,27,32,39,44], or conducting interviews [38,43]. The
satisfaction rate ranged from 7.2 to 9.8 [30,31,39] for studies
using a 10-point satisfaction rating scale, and from 3.1 to 4.8
[27,44] for studies utilizing a 5-point satisfaction rating scale.

The participants reported that the apps were easy to use
[27,32,38,39,43], convenient [38,43], helpful in effectively
communicating with HCPs [26,27] and in hypertension
management [27,38,43,44], including medication adherence
and adjustment [26,27,43], and helped increase their activerole
in care, health awareness, and mativation [30,38,43]. Although
some participantsfelt that the apps were useful only for patients
with an unstable BP [38,43], elderly patients, patients with
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polypharmacy or caregivers[39], most patients and HCPs stated
that they would continue using the app after the study [30,39,43]
and would recommend it to their friends [39]. In 3 of the 9
studies (33%) [30,38,43] the participants suggested that the app
would be more useful if improvements could be made. These
improvements include tailoring the graph according to the
participants’ preference, for example, coloring graphs, sending
motivational messages according to the inputted data [38]. It
also was suggested to support the self-monitoring of other
conditions such asblood glucose[43], include a ertsthat inform
patients if the BP readings are abnormal, and improving the
performance of the app by loading faster [30].

One study (1/3, 33%) evaluated the app through conducting
heuristic evaluation among technology and health informatics
experts, and 2 studies (2/3, 67%) only conducted ausability test
of the app amongst users. In the heuristic evaluation, some
usability problemswereidentified. Of the 2 studiesthat assessed
usability among users, 1 used direct observation of the
participants[40] and the other used an observation method with
specific questions asked to the participants [36]. All the
participants found both apps easy to use [36,40].

Six studies ng usability and satisfaction (6/11, 55%) were
of poor quality and only 5 of the 11 (46%) presented a
low-moderate risk of bias. Generally, the participants seemed
satisfied with the apps, they accepted using them in managing
their condition and found them easy to use.
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Discussion

Principal Findings
The aim of this systematic review was to synthesize evidence

about the effectiveness, acceptance, and usability of using
mobile and tablet apps to reduce BP.

This review found studies about 16 apps with similar
functionalities. However, they were different in the number of
combined functionalities. The mgjority of the apps used different
combinations of functionalities, whereas 1 app had only 1
function [43]. In all 9 studies that assessed users' satisfaction,
the participants generally seemed to accept using appsto support
the self-management of their BP. It also indicatesthat using the
apps seems to be effective in supporting the self-management
of hypertension and has the potential to lower BP as this was
reported in 10 studies (6 RCTs and 4 nonrandomized studies).
It should be noted that, of these, only 2 RCTs (33%) and 3
nonrandomized studies (75%) were of good quality. Due to the
variety of study designs and quality the results, there is
inconclusive evidence about which of these functionality
combinationswould be more effectiveinlowering BP. However,
it would appear that apps incorporating more comprehensive
functionalities are likely to be effective.

Thisstudy found that using apps may help reduce SBPand DBP
significantly. Notably, this result was in accordance with other
studies using mobile and other similar older technologies
[11,46]. In 1 meta-analysis, a decrease of 5 mm Hg in DBP or
10 mm Hg in SBP was found to reduce coronary heart disease
events by 22% and stroke by 41% [47], as a decrease of 1 mm
Hg in SBP leads to a 5% reduction in the risk of stroke [46].
The findings of this review are in line with other systematic
reviews that involved mobile phone and tablet-based
intervention in managing chronic diseases, which showed that
the use of apps has the potentia to improve health outcomes
among those living with chronic diseases [8,10,11,48,49].

The results with regard to acceptance are supported by studies
assessing the acceptance and usability of mobile apps in the
management of chronic diseases [49,50]. A study assessing the
usability of a commercially available app for diabetes found a
lack of usability for its main target users of elderly diabetics
[51]. This finding, thereby, highlights the importance of
assessing the usability of apps for hypertension and close
cooperation and intensive usability testswith the targeted users
during the development process of the apps.

In some studies, the apps were used in combination with other
platforms, such as a website. The reported effects, therefore,
cannot be solely attributed to the apps. The use of apps with
automatic feedback without the involvement of clinicians to
monitor patients remotely may be effective in controlling BP.
Similarly, apps in which HCPs were involved in monitoring
patients remotely and providing their feedback or instructions,
with either automatic feedback or not, could aso have a
significant impact on BPR. In short, it is possible that both
approaches are effective.

The results of this review should be interpreted with caution,
as some studies with a high risk of bias (6/9, 67% of RCTs;
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6/10, 60% of nonrandomized studies) were included, and
methodological issues have been identified in most of the
included studies. These issues emerged from potential biases
in some RCT studies because of the failure to implement the
blinding of subjects and the assessor, lack of concealment and
randomization procedures, small sample size, and short study
duration. However, the blinding of subjects was impossible
across the interventions due to the nature of using apps.
Nonrandomized quantitative studies also had limitations, such
astheir small samplesize, short duration, and attrition bias[39].
Many of the studies included in this paper were conducted in
different health and social care settings, which means that
comparisons between them are not straightforward.
Consequently, the generalizability of the results of some of
these studiesis limited. Although evidence of the effectiveness
of mHealthisincreasing, thereisalack of evidence concerning
the sustainability of the findings after the app intervention has
ceased. This suggests that further research is warranted to
determine long-term benefits and eliminate these limitations.

Strengths and Limitations of this Review

This review has some limitations that should be considered
when interpreting the results. First, studies published in
languages other than English were not included, which increases
the likelihood of relevant research being missed. Moreover, all
types of studies were included regardiess of their quality asit
is often helpful to have more recent findings. However,
low-quality studies present more inconclusive data, which
affectstheresults. It was not possible to conduct ameta-anaysis
due to the study designs heterogeneity; combining results that
have been obtained from different types of randomized and
nonrandomized studies will not yield useful data. In addition,
the inclusion of controlled and non-controlled studies might
yield a combination of possibly inconclusive results. Their
inclusion may offer a wider body of evidence. Despite these
limitations, this study is the first systematic review exploring
the effectiveness of using mobile apps in the self-management
of hypertension and their acceptance among users.
Consequently, it might be a useful roadmap to guide further
studies on the use of mobile apps by people with hypertension.
The authors developed a comprehensive search strategy and
then hand searched the reference lists of each identified full-text
articlesand systematic review to find potentialy relevant studies
for inclusion in this systemic review and considered
combinations of functionalities that were used in the apps.

Recommendationsfor Further Study

The methodological quality of studies included in this review
was generally low. This indicates that future studies should
consider some essential criteria, including a sufficient number
of participants and duration time, concealment and
randomization procedures, blinding of the assessor, and low
attrition rates. Future studies assessing the effectiveness of apps
should focus on apps that incorporate more comprehensive
functionalities, that are identified in this review as the most
promising functionalitiesfor self-management of hypertension,
including self-monitoring, reminders and alerts with either
automatic feedback or educationa information or both. It is
important also to assess and understand users' satisfaction with
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and acceptance of these apps. A well-designed RCT with
multiple arms using apps with different combinations of
functionalities to enable identification of the most effective
combinations would also be beneficial.

Conclusion

This systematic review indicates that the use of appsto support
the self-management of hypertension are accepted by patients
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and could assist in lowering and controlling their BP. It would
appear that apps incorporating more comprehensive
functionalities are likely to be effective. The results should be
interpreted with caution, as most of the studies were of high
risk of bias. More research is required to identify the
effectiveness of using apps in lowering BP and to understand
what functionality combinations are effective for lowering BP.

We thank all authors for their contribution. TA isaPhD student at Sheffield University, funded by the Saudi Culture Bureau.

Authors Contributions

TA developed the review protocol and LdW and MSH significantly contributed to the development of the review protocol. TA
and SA completed data screening, data extraction, and quality appraisal of relevant studies with disagreements resolved through
discussion with other authors (LdW and MSH). TA also drafted the manuscript, LdW and MSH reviewed the manuscript and
contributed to subsequent drafts. Authors TA, MSH, and LdW read and approved the final review.

Conflictsof Interest
None declared.

Multimedia Appendix 1
Study characteristics.

[PDE File (Adobe PDF File), 63KB - mhealth_v6i7e10723 appl.pdf ]

Multimedia Appendix 2
MEDLINE search strategy.

[PDFE File (Adobe PDF File), 2MB - mhealth v6i7€10723_app2.pdf ]

Multimedia Appendix 3
Study outcomes.

[PDF File (Adobe PDF File), 146K B - mhealth_v6i7€10723 app3.pdf ]

Multimedia Appendix 4
Cochrane checklist too for RCTs.

[PDE File (Adobe PDF File), 116K B - mhealth_v6i7€10723 app4.pdf ]

Multimedia Appendix 5
NIH tools for non-randomized studies.

[PDE File (Adobe PDF File), 80KB - mhealth_v6i7€10723_app5.pdf ]

Multimedia Appendix 6

NIH tools for non-randomized studies (observational cohort and cross-sectional studied).
[PDE File (Adobe PDF File), 101K B - mhealth_v6i7€10723 app6.pdf ]

Multimedia Appendix 7
NIH tools for non-randomized studies (Pre-post studies) .

[PDE File (Adobe PDF File), 60KB - mhealth_v6i7€10723_app7.pdf ]

http://mhealth.jmir.org/2018/7/€10723/

RenderX

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [e10723 | p.143
(page number not for citation purposes)


mhealth_v6i7e10723_app1.pdf
mhealth_v6i7e10723_app1.pdf
mhealth_v6i7e10723_app2.pdf
mhealth_v6i7e10723_app2.pdf
mhealth_v6i7e10723_app3.pdf
mhealth_v6i7e10723_app3.pdf
mhealth_v6i7e10723_app4.pdf
mhealth_v6i7e10723_app4.pdf
mhealth_v6i7e10723_app5.pdf
mhealth_v6i7e10723_app5.pdf
mhealth_v6i7e10723_app6.pdf
mhealth_v6i7e10723_app6.pdf
mhealth_v6i7e10723_app7.pdf
mhealth_v6i7e10723_app7.pdf
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Alessaet d

Multimedia Appendix 8
CASP tool for qualitative studies.

[PDF File (Adobe PDF File), 66KB - mhealth_v6i7e10723_app8.pdf |

References

1.

10.

11.

12.
13.

14.

15.

16.

17.

18.

19.

20.

21.

Chobanian AV, Bakris GL, Black HR, Cushman WC, Green LA, 1zzo JL, et al. Seventh report of the Joint National
Committee on Prevention, Detection, Evaluation, and Treatment of High Blood Pressure. Hypertension 2003
Dec;42(6):1206-1252 [FREE Full text] [doi: 10.1161/01.HY P.0000107251.49515.c2] [Medline: 14656957]

Chow CK, Teo KK, Rangarajan S, ISlam S, Gupta R, Avezum A, et al. Prevalence, awareness, treatment, and control of
hypertension in rural and urban communitiesin high-, middle-, and low-income countries. JAMA 2013 Sep
04;310(9):959-968. [doi: 10.1001/jama.2013.184182] [Medline: 24002282]

Ryan P, Sawin KJ. The Individual and Family Self-Management Theory: background and perspectives on context, process,
and outcomes. Nurs Outlook 2009;57(4):217-225.e6 [FREE Full text] [doi: 10.1016/j.outlook.2008.10.004] [Medline:
19631064]

Bodenheimer T, Lorig K, Holman H, Grumbach K. Patient self-management of chronic disease in primary care. JAMA
2002 Nov 20;288(19):2469-2475. [Medline: 12435261]

Grady PA, Gough LL. Self-management: a comprehensive approach to management of chronic conditions. Am J Public
Health 2014 Aug;104(8):e25-e31. [doi: 10.2105/AJPH.2014.302041] [Medline: 24922170]

Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-management approaches for people with chronic conditions:
areview. Patient Educ Couns 2002;48(2):177-187. [Medline: 12401421]

Whittaker R. Issuesin mHealth: findings from key informant interviews. JMed Internet Res 2012;14(5):e129 [FREE Full
text] [doi: 10.2196/jmir.1989] [Medline: 23032424]

Whitehead L, Seaton P. The Effectiveness of Self-Management Mobile Phone and Tablet Appsin Long-term Condition
Management: A Systematic Review. JMed I nternet Res 2016;18(5):e97 [ FREE Full text] [doi: 10.2196/jmir.4883] [Medline:
27185295]

Logan AG. Transforming hypertension management using mobile health technology for telemonitoring and self-care
support. Can J Cardiol 2013 May;29(5):579-585. [doi: 10.1016/j.cjca.2013.02.024] [Medline: 23618506]

Bonoto BC, de AVE, Goddi IP, de LLLP, Godman B, Bennie M, et a. Efficacy of Mobile Apps to Support the Care of
Patients With DiabetesMellitus: A Systematic Review and Meta-Analysisof Randomized Controlled Trials. IMIR Mhealth
Uhealth 2017 Mar 01;5(3):e4 [FREE Full text] [doi: 10.2196/mhealth.6309] [Medline: 28249834]

Liu S, Dunford SD, Leung YW, Brooks D, Thomas SG, Eysenbach G, et al. Reducing blood pressure with I nternet-based
interventions: a meta-analysis. Can J Cardiol 2013 May;29(5):613-621. [doi: 10.1016/j.cjca.2013.02.007] [Medline:
23618507]

Eren H, Webster J. Telehealth and mobile health. In: CRC Press, editor. CRC Press. FloridaUSA: CRC Press; 2016:978-971.
Majeed-Ariss R, Baildam E, Campbell M, Chieng A, Fallon D, Hall A, et a. Apps and Adolescents: A Systematic Review
of Adolescents Use of Mabile Phone and Tablet Apps That Support Personal Management of Their Chronic or Long-Term
Physical Conditions. JMed Internet Res 2015 Dec;17(12):€287 [FREE Full text] [doi: 10.2196/jmir.5043] [Medline:
26701961]

Edwards EA, Lumsden J, Rivas C, Steed L, Edwards LA, Thiyagarajan A, et a. Gamification for health promotion:
systematic review of behaviour change techniques in smartphone apps. BMJ Open 2016 Oct 04;6(10):e012447 [ FREE Full
text] [doi: 10.1136/bmjopen-2016-012447] [Medline: 27707829]

Istepanian R, Woodward B. Preview thisitem M-Health : Fundamentals and Applications. In: IEEE Press Series on
Biomedical Engineering. New Jersey USA: Wiley-1EEE Press; 2016:1119302897.

Kumar N, Khunger M, GuptaA, Garg N. A content analysis of smartphone-based applicationsfor hypertension management.
JAm Soc Hypertens 2015 Feb;9(2):130-136. [doi: 10.1016/j.jash.2014.12.001] [Medline: 25660364]

Parati G, Torlasco C, Omboni S, Pellegrini D. Smartphone Applications for Hypertension Management: a Potential
Game-Changer That Needs More Control. Curr Hypertens Rep 2017 Jun;19(6):48. [doi: 10.1007/s11906-017-0743-0]
[Medline: 28501982]

CRD. Systematic reviews: crd's guidance for undertaking reviews in healthcare. York: University of York; 2009. URL:
https://www.york.ac.uk/media/crd/Systematic_Reviews.pdf [accessed 2018-04-05] [WebCite Cache ID 6ySN50dBS]
Liberati A, Altman DG, Tetzlaff J, Mulrow C, Ggtzsche PC, loannidis JPA, et a. The PRISMA statement for reporting
systematic reviews and meta-analyses of studies that evaluate healthcare interventions: explanation and elaboration. BMJ
2009;339:p2700 [FREE Full text] [Medline: 19622552]

Higgins J, Green S. Cochrane handbook for systematic reviews of interventions. Version. Oxford: The Cochrane
Collaboration; 2011. URL: http://handbook-5-1.cochrane.org/ [accessed 2018-06-09] [WebCite Cache ID 7031fhlF1]
National 1. National Institutes of Health (NIH). Study quality assessment tools | national heart, lung, and blood institute
(nhibi) URL: https://www.nhlbi.nih.gov/heal th-topi cs/study-quality-assessment-tool s [accessed 2018-04-06] [WebCite
Cache ID 6yTjI3G2L]

http://mhealth.jmir.org/2018/7/e10723/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [€10723 | p.144

(page number not for citation purposes)


mhealth_v6i7e10723_app8.pdf
mhealth_v6i7e10723_app8.pdf
http://hyper.ahajournals.org/cgi/pmidlookup?view=long&pmid=14656957
http://dx.doi.org/10.1161/01.HYP.0000107251.49515.c2
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=14656957&dopt=Abstract
http://dx.doi.org/10.1001/jama.2013.184182
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24002282&dopt=Abstract
http://europepmc.org/abstract/MED/19631064
http://dx.doi.org/10.1016/j.outlook.2008.10.004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19631064&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12435261&dopt=Abstract
http://dx.doi.org/10.2105/AJPH.2014.302041
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24922170&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12401421&dopt=Abstract
http://www.jmir.org/2012/5/e129/
http://www.jmir.org/2012/5/e129/
http://dx.doi.org/10.2196/jmir.1989
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23032424&dopt=Abstract
http://www.jmir.org/2016/5/e97/
http://dx.doi.org/10.2196/jmir.4883
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27185295&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2013.02.024
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23618506&dopt=Abstract
http://mhealth.jmir.org/2017/3/e4/
http://dx.doi.org/10.2196/mhealth.6309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28249834&dopt=Abstract
http://dx.doi.org/10.1016/j.cjca.2013.02.007
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23618507&dopt=Abstract
http://www.jmir.org/2015/12/e287/
http://dx.doi.org/10.2196/jmir.5043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26701961&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27707829
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27707829
http://dx.doi.org/10.1136/bmjopen-2016-012447
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27707829&dopt=Abstract
http://dx.doi.org/10.1016/j.jash.2014.12.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25660364&dopt=Abstract
http://dx.doi.org/10.1007/s11906-017-0743-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28501982&dopt=Abstract
https://www.york.ac.uk/media/crd/Systematic_Reviews.pdf
http://www.webcitation.org/6ySN50dBS
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=19622552
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19622552&dopt=Abstract
http://handbook-5-1.cochrane.org/
http://www.webcitation.org/7031fhlF1
https://www.nhlbi.nih.gov/health-topics/study-quality-assessment-tools
http://www.webcitation.org/6yTjI3G2L
http://www.webcitation.org/6yTjI3G2L
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Alessaet d

22.

23.

24,

25.
26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Critical A. Published. 2006. 10 questionsto help you make sense of qualitative research URL : https://hhs.hud.ac.uk/Igsu/
Useful/critap/Qualitative¥20Research%20Checklist/CA SP-Qualitative-Research-Checklist-31.05.13.pdf [WebCite Cache
ID 6yR7z0K8m]

Booth A, Sutton A, Papaioannou D. Systematic approaches to a successful literature review. 2nd ed. London, UK: Sage;
2016.

Davidson TM, McGillicuddy J, Mueller M, Brunner-Jackson B, FavellaA, Anderson A, et a. Evaluation of an mHealth
Medication Regimen Self-Management Program for African American and Hispanic Uncontrolled Hypertensives. J Pers
Med 2015 Nov 17;5(4):389-405 [FREE Full text] [doi: 10.3390/jpm5040389] [Medline: 26593951]

Pilheu JA. [The lung, macrophages and oxygen radicals]. Medicina (B Aires) 1989;49(1):87-90. [Medline: 2630878]
McGillicuddy JW, Weiland AK, Frenzel RM, Mueller M, Brunner-Jackson BM, Taber DJ, et al. Patient attitudes toward
mobile phone-based health monitoring: questionnaire study among kidney transplant recipients. JMed Internet Res
2013;15(1):e6 [FREE Full text] [doi: 10.2196/jmir.2284] [Medline: 23305649]

McGillicuddy JW, Gregoski MJ, Weiland AK, Rock RA, Brunner-Jackson BM, Patel SK, et al. Maobile Health Medication
Adherence and Blood Pressure Control in Renal Transplant Recipients: A Proof-of-Concept Randomized Controlled Trial.
JMIR Res Protoc 2013;2(2):e32 [FREE Full text] [doi: 10.2196/resprot.2633] [Medline: 24004517]

Bloss CS, Wineinger NE, PetersM, Boeldt DL, ArinielloL, Kim JY, et al. A prospective randomized trial examining health
care utilization in individuals using multiple smartphone-enabled biosensors. PeerJ 2016;4:€1554 [FREE Full text] [doi:
10.7717/peerj.1554] [Medline: 26788432]

Patel S, Jacobus-Kantor L, Marshall L, Ritchie C, Kaplinski M, KhuranaPS, et a. Mohilizing your medications: an automated
medication reminder application for mobile phones and hypertension medi cation adherencein ahigh-risk urban population.
JDiabetes Sci Technol 2013 May 01;7(3):630-639 [FREE Full text] [Medline: 23759395]

Moore J, Marshall M, Judge D. Technol ogy-supported apprenticeship in the management of hypertension: a randomized
controlled trial. J Clin Outcomes Manag 2014;21(3):a.

Mao AY, Chen C, Magana C, Caballero BK, Olayiwola JN. A Mobile Phone-Based Health Coaching Intervention for
Weight Loss and Blood Pressure Reduction in aNational Payer Population: A Retrospective Study. IMIR Mhealth Uhealth
2017 Jun 08;5(6):e80 [FREE Full text] [doi: 10.2196/mhealth.7591] [Medline: 28596147]

Banerjee A, Ramanujan R, Agnihothri S. Mobile Health Monitoring: Development and Implementation of an appin a
Diabetes and Hypertension Clinic. Mobile health monitoring; 2016 Presented at: International Conference on System
Sciences; 2016; Hawaii p. 3424-3436. [doi: 10.1109/HICSS.2016.427]

Logan AG, Irvine MJ, Mclsaac WJ, Tisler A, Rossos PG, Easty A, et al. Effect of home blood pressure telemonitoring with
self-care support on uncontrolled systolic hypertension in diabetics. Hypertension 2012 Jul;60(1):51-57 [FREE Full text]
[doi: 10.1161/HYPERTENSIONAHA.111.188409] [Medline: 22615116]

Petrella RJ, Stuckey MI, Shapiro S, Gill DP. Mobile health, exercise and metabolic risk: arandomized controlled trial.
BMC Public Health 2014;14:1082 [FREE Full text] [doi: 10.1186/1471-2458-14-1082] [Medline: 25326074]

Mendelson M, Vivodtzev |, Tamisier R. CPAP treatment supported by telemedicine does not improve blood pressurein
high cardiovascular risk osa patients: a randomized, controlled trial. Sleep 2014;37(11):a. [Medline: 25364081]
Bengtsson U, Kjellgren K, Hofer S, Taft C, Ring L. Developing an interactive mobile phone self-report system for
self-management of hypertension. Part 2: content validity and usability. Blood Press 2014 Oct;23(5):296-306 [FREE Full
text] [doi: 10.3109/08037051.2014.901009] [Medline: 24786778]

Bengtsson U, Kjellgren K, Hallberg I, Lindwall M, Taft C. Improved Blood Pressure Control Using an Interactive Mobile
Phone Support System. J Clin Hypertens (Greenwich) 2016 Feb;18(2):101-108 [FREE Full text] [doi: 10.1111/jch.12682]
[Medline: 26456490]

Hallberg I, Ranerup A, Kjellgren K. Supporting the self-management of hypertension: Patients experiences of using a
mobile phone-based system. J Hum Hypertens 2016 Feb;30(2):141-146 [FREE Full text] [doi: 10.1038/jhh.2015.37]
[Medline: 25903164]

Anglada-Martinez H, Martin-Conde M, Rovira-lllamolaM, Sotoca-MomblonaJM, SequeiraE, AragundeV, et al. Feasibility
and Preliminary Outcomes of a Web and Smartphone-Based Medication Self-Management Platform for Chronically 1l
Patients. JMed Syst 2016 Apr;40(4):99. [doi: 10.1007/s10916-016-0456-y] [Medline: 26872781]

Carrera A, Pifarré M, Vilaplana J. Bpcontrol. A maobile app to monitor hypertensive patients. Appl Clin Inform
2016;7(4):1120-1134. [Medline: 27924346]

Albini F, Liu X, Torlasco C. Use of Appsto Improve Drug Adherence in Hypertensive Patients. Drug Adherence in
Hypertension and Cardiovascular Protection 2016:517-520. [Medline: 28324932]

Or C, Tao D. A 3-Month Randomized Controlled Pilot Trial of a Patient-Centered, Computer-Based Self-Monitoring
System for the Care of Type 2 Diabetes Méllitus and Hypertension. JMed Syst 2016 Apr;40(4):81. [doi:
10.1007/s10916-016-0437-1] [Medline: 26802011]

SunN, Rau PP, Li Y, Owen T, Thimbleby H. Design and eval uation of amobile phone-based health intervention for patients
with hypertensive condition. Computersin Human Behavior 2016 Oct;63:98-105. [doi: 10.1016/j.chb.2016.05.001] [Medline:
25904163]

http://mhealth.jmir.org/2018/7/e10723/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [€10723 | p.145

(page number not for citation purposes)


https://hhs.hud.ac.uk/lqsu/Useful/critap/Qualitative%20Research%20Checklist/CASP-Qualitative-Research-Checklist-31.05.13.pdf
https://hhs.hud.ac.uk/lqsu/Useful/critap/Qualitative%20Research%20Checklist/CASP-Qualitative-Research-Checklist-31.05.13.pdf
http://www.webcitation.org/6yR7zoK8m
http://www.webcitation.org/6yR7zoK8m
http://www.mdpi.com/resolver?pii=jpm5040389
http://dx.doi.org/10.3390/jpm5040389
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26593951&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2630878&dopt=Abstract
http://www.jmir.org/2013/1/e6/
http://dx.doi.org/10.2196/jmir.2284
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23305649&dopt=Abstract
http://www.researchprotocols.org/2013/2/e32/
http://dx.doi.org/10.2196/resprot.2633
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24004517&dopt=Abstract
https://dx.doi.org/10.7717/peerj.1554
http://dx.doi.org/10.7717/peerj.1554
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26788432&dopt=Abstract
http://europepmc.org/abstract/MED/23759395
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23759395&dopt=Abstract
http://mhealth.jmir.org/2017/6/e80
http://dx.doi.org/10.2196/mhealth.7591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28596147&dopt=Abstract
http://dx.doi.org/10.1109/HICSS.2016.427
http://hyper.ahajournals.org/cgi/pmidlookup?view=long&pmid=22615116
http://dx.doi.org/10.1161/HYPERTENSIONAHA.111.188409
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22615116&dopt=Abstract
http://www.biomedcentral.com/1471-2458/14/1082
http://dx.doi.org/10.1186/1471-2458-14-1082
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25326074&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25364081&dopt=Abstract
http://europepmc.org/abstract/MED/24786778
http://europepmc.org/abstract/MED/24786778
http://dx.doi.org/10.3109/08037051.2014.901009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24786778&dopt=Abstract
http://doi.wiley.com/10.1111/jch.12682
http://dx.doi.org/10.1111/jch.12682
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26456490&dopt=Abstract
http://europepmc.org/abstract/MED/25903164
http://dx.doi.org/10.1038/jhh.2015.37
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25903164&dopt=Abstract
http://dx.doi.org/10.1007/s10916-016-0456-y
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26872781&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27924346&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28324932&dopt=Abstract
http://dx.doi.org/10.1007/s10916-016-0437-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26802011&dopt=Abstract
http://dx.doi.org/10.1016/j.chb.2016.05.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25904163&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Alessaet d

44,

45,

46.

47.

48.

49,

50.

51.

Kang H, Park H. A Mobile App for Hypertension Management Based on Clinical Practice Guidelines: Development and
Deployment. IMIR Mhealth Uhealth 2016 Feb 02;4(1):e12 [FREE Full text] [doi: 10.2196/mhealth.4966] [Medline:
26839283]

Bosworth H, Powers B, Oddone E. Patient Self-Management Support: Novel Strategiesin Hypertension and Heart Disease.
Cardiol Clin 2010;28(4):655-663. [Medline: 20937448]

McLean G, Band R, Saunderson K, Hanlon P, Murray E, Little P, et al. Digital interventions to promote self-management
in adults with hypertension systematic review and meta-analysis. J Hypertens 2016 Apr;34(4):600-612 [FREE Full text]
[doi: 10.1097/HJH.0000000000000859] [Medline: 26845284]

Law MR, Morris K, Wald NJ. Use of blood pressure lowering drugs in the prevention of cardiovascular disease:
meta-analysis of 147 randomised trialsin the context of expectations from prospective epidemiological studies. BMJ
2009;338:h1665 [FREE Full text] [Medline: 19454737)

FloresMG, Granado-Font E, Ferré-Grau C, Montafia-Carreras X. Mobile Phone A ppsto Promote Weight L oss and Increase
Physical Activity: A Systematic Review and Meta-Analysis. J Med Internet Res 2015;17(11):e253 [FREE Full text] [doi:
10.2196/jmir.4836] [Medline: 26554314]

Fu H, McMahon SK, Gross CR, Adam TJ, Wyman JF. Usability and clinical efficacy of diabetes mobile applications for
adults with type 2 diabetes: A systematic review. Diabetes Res Clin Pract 2017 Sep;131:70-81. [doi:
10.1016/j.diabres.2017.06.016] [Medline: 28692830]

Cho M, Sim J, Hwang S. Development of smartphone educational application for patients with coronary artery disease.
Healthc Inform Res 2014;20(2):117. [Medline: 24872910]

Arnhold M, Quade M, Kirch W. Mobile applicationsfor diabetics: asystematic review and expert-based usability evaluation
considering the special requirements of diabetes patients age 50 years or older. JMed Internet Res 2014;16(4):a. [Medline:
2471885]

Abbreviations

BP: blood pressure

CASP: Critical Appraisal Skills Programme
DBP: diastolic blood pressure

HCP: health care professional

mHealth: mobile health

SBP: systolic blood pressure

RCT: randomized controlled tria

Edited by G Eysenbach; submitted 08.04.18; peer-reviewed by D Cianflone, SOmboni; comments to author 02.05.18; revised version
received 10.06.18; accepted 16.06.18; published 23.07.18.

Please cite as:

Alessa T, Abdi S Hawley MS, de Witte L

Mobile Apps to Support the Self-Management of Hypertension: Systematic Review of Effectiveness, Usability, and User Satisfaction
JMIR Mhealth Uhealth 2018;6(7):€10723

URL: http://mhealth.jmir.org/2018/7/€10723/

doi:10.2196/10723

PMID: 30037787

©Tourkiah Alessa, Sarah Abdi, Mark S Hawley, Luc de Witte. Originaly published in IMIR Mheath and Uhealth
(http://mhealth.jmir.org), 23.07.2018. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR mhealth and uhealth, is properly cited. The complete bibliographic
information, alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must
be included.

http://mhealth.jmir.org/2018/7/e10723/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [€10723 | p.146

RenderX

(page number not for citation purposes)


http://mhealth.jmir.org/2016/1/e12/
http://dx.doi.org/10.2196/mhealth.4966
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26839283&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20937448&dopt=Abstract
http://europepmc.org/abstract/MED/26845284
http://dx.doi.org/10.1097/HJH.0000000000000859
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26845284&dopt=Abstract
http://www.bmj.com/cgi/pmidlookup?view=long&pmid=19454737
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19454737&dopt=Abstract
http://www.jmir.org/2015/11/e253/
http://dx.doi.org/10.2196/jmir.4836
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26554314&dopt=Abstract
http://dx.doi.org/10.1016/j.diabres.2017.06.016
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28692830&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24872910&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=2471885&dopt=Abstract
http://mhealth.jmir.org/2018/7/e10723/
http://dx.doi.org/10.2196/10723
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30037787&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Springer et al

Original Paper

Leveraging Self-Affirmation to Improve Behavior Change: A Mobile
Health App Experiment

Aaron Springer™?, BSc; Anusha Venkatakrishnan®, PhD; Shiwali Mohan', PhD; Lester Nelson®, MSc; Michael Silvar,
BSc; Peter Pirolli, PhD

1palo Alto Research Center, Palo Alto, CA, United States
2Computer Science Department, University of California Santa Cruz, Santa Cruz, CA, United States

Corresponding Author:

Aaron Springer, BSc

Computer Science Department
University of California Santa Cruz
1156 High Street

Santa Cruz, CA,

United States

Phone: 1 8314590111

Email: alspring@ucsc.edu

Abstract

Background: mHealth interventions can help to improve the physical well-being of participants. Unfortunately, mHealth
interventions often have low adherence and high attrition. One possible way to increase adherence is instructing participants to
compl ete self-affirmation exercises. Self-affirmation exercises have been effective in increasing many types of positive behaviors.
However, self-affirmation exercises often involve extensive essay writing, atask that is not easy to complete on mobile platforms.

Objective: This study aimed to adapt a self-affirmation exercise to a form better suited for delivery through a mobile app
targeting healthy eating behaviors, and to test the effect of differing self-affirmation doses on adherence to behavior change goals
over time.

Methods: We examined how varied self-affirmation doses affected behavior change in an mHealth app targeting healthy eating
that participants used for 28 days. We divided participants into the 4 total conditions using a 2x2 factoria design. The first
independent variable was whether the participant received an initial self-affirmation exercise. The second independent variable
was whether the participant received ongoing booster self-affirmations throughout the 28-day study. To examine possible
mechanisms through which self-affirmation may cause positive behavior change, we analyzed three aspects of self-affirmation
effectsin our research. First, we analyzed how adherence was affected by sel f-affirmation exercises. Second, we analyzed whether
self-affirmation exercises reduced attrition rates from the app. Third, we examined a model for self-affirmation behavior change.

Results: Analysisof 3556 observationsfrom 127 participantsindicated that higher doses of self-affirmation resulted in improved
adherence to mHealth intervention goals (coefficient 1.42, SE 0.71, P=.04). This increased adherence did not seem to translate
to a decrease in participant attrition (P value range .61-.96), although our definition of attrition was conservative. Finally, we
examined the mechanisms by which self-affirmation may have affected intentions of behavior change; we built a model of

intention (RZ:.39, P<.001), but self-affirmation did not directly affect fina intentions (P value range .09-.93).

Conclusions: Self-affirmations can successfully increase adherence to recommended diet and health goals in the context of an
mHealth app. However, this increase in adherence does not seem to reduce overal attrition. The self-affirmation exercises we
developed were simple to implement and had alow cost for both users and devel opers. While this study focused on an mHealth
app for healthy eating, we recommend that other mHealth appsintegrate similar self-affirmation exercisesto examine effectiveness
in other behaviors and contexts.

(JMIR Mhealth Uhealth 2018;6(7):€157) doi:10.2196/mhealth.9151

KEYWORDS
mHealth; self-affirmation; behavior change; attrition; adherence; health behavior; telemedicine; treatment adherence and compliance

http://mhealth.jmir.org/2018/7/e157/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 |€157 | p.147
(page number not for citation purposes)


mailto:alspring@ucsc.edu
http://dx.doi.org/10.2196/mhealth.9151
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Introduction

Background

Millions of people are turning to mHealth appsto improvetheir
physical and mental well-being. Over 50% of mobile phone
users in the United States use mHealth apps; this rate doubled
from 2014 to 2016 [1]. mHedth apps may offer effective
low-cost solutions to major chronic health problems, which is
especialy attractive now, at a time when medical expensesin
the United States have more than tripled in the past 50 years
[2]. mHealth apps personalize medicine on a massive scale,
therefore equi pping patientsto confront common problems such
as smoking [3]. A review of mHealth interventions concluded
that thereis enough evidenceto indicate that these interventions
are effective, but more research should focus on integrating
mHealth interventionsinto daily practice[4]. One of the primary
problems with daily practice for mHealth interventions is that
they are associated with poor adherence and attrition.

Adherence and Attrition

Nearly 50% of people who started using an mHealth app at one
point reported that they no longer used them [1]. Other
interventions delivered remotely through the internet often have
extremely high attrition rates[5].We must tackle these adherence
and attrition problems so as to have a positive impact on users
of mHealth apps.

Adherence and attrition are both problematic for mHealth
systems, but it is important to distinguish between them.
Adherence refersto the act of following the instructions for the
app or intervention. For example, if an app sets a goal for a
participant to eat 5 servings of fruits and vegetables, users are
considered to have adhered if they have met that goal. We define
attrition similarly to Eysenbach’'s “nonusage attrition” [6].
Attrition refers to the population-level phenomenon of
participants stopping use of an app and not returning as time
goes on. This makes attrition a long-term product of poor
adherence; improving one necessarily improves the other.

Attrition isnot simply afixed cost when delivering interventions
electronically. Attrition can be studied, characterized, and
reduced. In calling for a “science of attrition”, Eysenbach [6]
laid out hypothetical proposed factors influencing attrition for
further study. Thiscall was answered with studiesthat examined
attrition in Web-based interventions. Resultswere disheartening.
At least two of these experiments [7,8] ended by concluding
that, dueto attrition, “...intervention programs may reach those
who need them the least” [8]. In one intervention, participants
who dropped out were interviewed to closely examine their
motivation for discontinuing the program [9]. One major reason
for attrition was that participants found the information
threatening; they were not comfortable confronting their disease
in such a manner. These problems must be overcome in order
to have effective mHealth interventions. One solution may be
psychological interventions called self-affirmation exercises.

Sdf-Affirmation Exercises

An effective technique to increase adherence to recommended
health behaviorsisthrough the use of self-affirmation exercises
[10-12]. Sef-affirmation exercises are activities in which

http://mhealth.jmir.org/2018/7/e157/
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individuals focus on and affirm personally important values.
For example, aparticipant who highly valuestheir family would
reflect on how their lives reflect this value or specific times
when this value hasinfluenced their behavior. Self-affirmation
exercises have produced positive effectsin many common health
goas, including reducing smoking, reducing alcohol
consumption, and increasing fruit and vegetableintake[12-17].
Self-affirmations can have long-term effects on behavior,
spanning years in one deployment [15]. While the mechanism
of self-affirmation’s effectivenessis debated, it seemsto increase
the likelihood that a participant will carefully consider
information in a threatened realm; for example, self-affirmed
smokers who read information about the deleterious effects of
smoking may be less likely to outright reject the information
[14]. These effects are present in other domains, including
alcohol abuse[18], and inthe domain of our experiment, healthy
eating [19].

Unfortunately,  self-affirmation  exercises are  often
time-consuming writing prompts called values essays. These
involve writing for up to 10 minutes about the importance of a
single value such as friendships or family [20]. The extensive
nature of the values essay makesit apoor fit for delivery through
mobile phones. Writing an essay on a mobile phone is time
consuming, and interventionsthat are time consuming may lead
to participants not adhering to instructions [21]. Considering
the effectiveness of sdelf-affirmation and the increasing
deliverance of interventions through mobile phones [22,23],
there isaneed to adapt self-affirmation exercisesto the mobile
medium that do not require long writing and reading tasks.

Objectives

Methods other than self-affirmation have been tested to increase
adherence and reduce attritionin mHealth interventions. Adding
social support to an existing physical and mental well-being
intervention was found to increase adherence [ 24]. An adaptive
intervention that modulated exercise difficulty to user ability
increased adherence when compared with statically scheduled
controls [25]. While these interventions may be effective, they
involve major restructuring of systems. Self-affirmation
exercises like the ones we implemented could be easily added
to many current systems.

We devel oped an mHealth app called Coach to enable users to
record progress toward healthy eating goals. We focused on
healthy eating because self-affirmations may decrease the
difficulty of motivating participants to change behavior with
distant consequences. Coach delivered the self-affirmation
exercises that we created. To explore self-affirmation dosing,
we compared different experimental groups that completed an
extensive self-affirmation exercise initialy with groups that
continually self-affirmed throughout the study. We addressed
the following questions:

+ Can sdf-affirmation exercises be trandated to mobile
delivery to produce positive changes outside of controlled
laboratory settings?

+ Do higher doses of self-affirmation result in greater
adherence than lower doses of self-affirmation?

« Doesahigher dose of self-affirmation result inlessattrition
due to nonuse?
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« What mechanisms mediate the effects of these
self-affirmation exercises on behavior?

Methods

Intervention Groups

To test our research questions, we developed and implemented
the Coach app to record healthy eating behaviors and deliver
our interventions. We randomly assigned participants to 4
groups, a 2 (initial self-affirmation vs control) x 2 (recurrent
self-affirmation boostersvs control) factorial design (Figure 1).

In the groups receiving initial self-affirmations, participants
completed a self-affirmation in the presurvey portion of the
study. Groups receiving booster self-affirmations received small
doses of self-affirmation exercises continually throughout the
study. Thus, the initial and booster self-affirmations group
received ahigh dose of self-affirmation through the study, while
other conditions received lower doses of self-affirmation or
none at al.

Recruitment

We primarily recruited participants through online means,
including Craigdlist (Craigslist Inc, San Francisco, CA, USA),
Nextdoor (Nextdoor Inc, San Francisco, CA, USA), and Reddit
(Reddit Inc, San Francisco, CA, USA). Another source was an
internal email list of a US West Coast research center.
Participants were primarily located in the San Francisco Bay
Area. Participant eligibility was determined by 3 factors: (1)
age over 18 years, (2) availablelaptop or desktop computer and
mobile phone running the Android or iOS operating systems,
and (3) fruit and vegetable consumption below recommended
levels (5 combined servings per day) [26].

Participants were compensated with a gift certificate for up to
a maximum of US $50 for their participation. Compensation
was prorated by amount of participation in the study. To receive
full compensation, participants needed to complete the initial
survey and the postsurvey, and make 20 out of 28 possibledaily
entries in the app.

Ethical Approval

This study protocol, HSC-2016-04, was approved on July 13,
2016 by the ingtitutional review board at Xerox PARC, Palo
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Alto, CA, USA. Participants completed informed consent forms
asthevery first step of the intake survey. Theinformed consent
detailed the experiment, compensation, and the participant’s
ability to withdraw from the study at any time for any reason.

The Coach App System

We developed the Coach app specifically to study behavior
change adherence and attrition in an mHealth setting. As such,
we implemented only the most central features for reporting
behavior and delivering interventions. This can be seen in the
relatively unadorned interface in Figure 2. Any other features
would only have obscured and confounded our primary research
questions. In this experiment, the goal for participants was to
consume 5 combined servings of fruit and vegetables per day.

Central to the Coach app is the reporting home page (Figure 2,
|eft). Each day, the reporting page contained 2 primary questions
about their progress toward consuming 5 servings of fruitsand
vegetables and 1 question about their confidence in continuing
to meet thisgoal. This page saved the reported information and
was updatabl e throughout the entire day. At the end of the day,
the 3 questions were recorded in their final form and the page
was cleared to enable reporting for the upcoming day.

Ancillary to the main reporting page were the exercises that
were delivered once per week (on days 5, 12, 19, and 26) to
participants in the booster conditions. Users received a push
notification that there were questions for them to answer in the
app. On tapping the notification or manually opening the app,
they were greeted with a pop-up window that asked them
questions. For the groups receiving self-affirmation boosters,
the self-affirming questions were shown in this pop-up window,
whereas controlswere shown unrelated opinion questions. After
answering these questions, participants were taken to the report

page.

Two other screens were accessible in the app from the main
drop-down menu. The first was an About screen that described
the app and linked to the terms and condition of use. The second
screen consisted of instructions on how to report within the app
and instructions for general use.

Figure 1. The 2x2 experimental design demonstrates the different independent variables across the groups.
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Figure 2. The Coach app homepage (left) and example question adapted from the kindness questionnaire (right).

= Positive Day
11 Aug 2016

Did you meet your goal of eating 5 or
more servings of fruit and vegetables
today?

v X

How many servings for fruits and
vegetables did you eat?

0 servings

How confident are you that you can
meet this goal for the next 3 days?

Not at all confident
Slightly confident
Moderately confident
Very confident

Extremely confident

App Content

Sdf-Affirmation I nitial Manipulation

Following Sherman et a [27], the initial affirmation was a
standard values essay. First, participants rank ordered alist of
10 values, such as esthetic appreciation, relations with friends
and family, and romantic values. Then participants wrote 3
reasonsthat their number 1—+anked value wasimportant to them
and wrote about a past experience where they demonstrated that
value. Participantsin the control condition were similarly asked
to write about their last (10th)-ranked value and 3 reasons it
could be important to someone else and how such a person
might demonstrate that value.

Self-Affirmation Booster

In this work, we adapted a commonly used self-affirmation
exercise [28] for use in the Coach app. The self-affirmation
exercise we adapted isknown as akindness questionnaire. This
kindness questionnaire is a set of 10 yes-no binary questions
that participants answer and may elaborate on. The kindness
guestionnaire has been shown to have equal self-affirming
effectstothelonger values essays[29]. Previous self-affirmation
interventions followed a model of extensive self-affirming,
displaying threatening health information, and then evaluating
participants [10]. We broke this mold to more closely examine
the effects of salf-affirmation timing and dose on health behavior
change.

Rather than extensive self-affirming, we used multiple small
self-affirmations we called booster self-affirmations. Booster
self-affirmations were inspired by similar previous works that
administered self-affirmations repeatedly over the course of
longer-term experiments [15,30]. However, these experiments
used the original time-consuming self-affirmation exercisesthat
may not integrate easily into mHealth apps. A previous study
suggested that there is no minimum level of engagement with
self-affirmation exercises to gain their positive effects [13],
which gave us room to adapt these exercises. To lessen the
writing burden and make self-affirmations | ess time consuming

http://mhealth.jmir.org/2018/7/e157/
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Have you ever attended to
the needs of another
person? If yes, give an
example.

Your answer: goes here

on mobile phones, we adapted the kindness questionnaire [28]
to aform more suitable for mobile devices.

Rather than showing the full 10 questions to the participants
during a booster affirmation, we simply showed them 2
guestions for each affirmation booster. Figure 2 (right) shows
an example question adapted from the kindness questionnaire.
We adapted questions so participants could include both the
binary answer and an examplein the given text box [13]. These
questionsfrom the kindness survey were specifically constructed
so that nearly everyone would answer affirmatively [28].
Participants in the control conditions for the boosters received
similarly adapted questions from the control manipulation
(asking non—sdlf-affirming questions) to ensure that control
participants received the same number of notifications and spent
asimilar amount of timein the app [28].

Manipulation Check

The manipulation check immediately followed the initia
self-affirmation manipulation or control manipulation. The
manipulation check consisted of a 3-item scale to assess the
degree of self-affirmation that participantsfelt [31]. It consisted
of 3 questions starting with “The task on values made me think
about things,” and participants answered on scales of “Things
| don’t like about myself” to “Things | like about myself;”
“Things I'm bad at” to “Things I'm good at;” and “Things |
don’t value about myself” to “Things | value about myself.”

Threatening Health Information

Following the manipulation check, participants were shown a
document outlining the risks of not consuming enough fruit and
vegetables. This is standard practice for self-affirmation
interventions that attempt to improve health behaviors
[10,14,19,28]. The self-affirmation seemsto allow participants
to better accept health information that may bethreatening [ 18].
The threatening health information document was based on a
webpage created by the UK National Health Service (NHS)
[26]. These NHS recommendations mirrored United States
Department of Agriculture (USDA) recommendationsin [32],
and the text we used was not labeled as being from the NHS.
We chose the NHS text because it was more succinct than
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comparable sources from the USDA. We dlightly modified the
text to better highlight significant health threats attributed to
not consuming enough fruits and vegetabl es, including obesity,
cancer, high blood pressure, stroke, and diabetes.

Extended Parallel Process Model Measure

We examined participants' responses to our sdlf-affirmations
and threatening stimuli in the context of the extended parallel
process model (EPPM). The EPPM explains the effects of fear
appeals on intentions and behavior change [33]. Recall that
self-affirmation exercises often follow the outline of a fear
apped: the participant self-affirms, then they are shown
threatening health information. Recent work exploring
self-affirmation theory and the EPPM [12] found that
self-affirmation contributed to explained variance of intentions
to change consumption of fruits and vegetables but did not
examine the resulting behavior. Unfortunately, Napper et al
[12] ignored fear as a first-class model parameter. According
to Witte [33], the entire point of the EPPM is“ putting the fear
back into fear appeals”

We measured the major EPPM constructs. self-efficacy,
response efficacy, threat, and intention. We al so measured fear
responses via the Positive and Negative Affect Schedule with
added measures to form afear subscale [34]. These measures,
excluding fear, wereidentical to the measuresused in aprevious
study examining the EPPM and sdlf-affirmation [12]. The
measured constructswere threat, efficacy, and intentions. Threat
was measured by 1 severity item (“How serious are the health
consequences of not eating at least 5 portions of fruit and
vegetables each day?’) and 2 susceptibility items (“My chances
of experiencing heart disease or some cancersin the future if |
do not eat at least 5 portions of fruit and vegetables each day
are...” and“How likely isit that you will experience poor health
in the future if you do not eat at least 5 portions of fruit or
vegetables each day?’). Efficacy was measured by 2
sdlf-efficacy items (“1 know for surethat | could adhereto eating
at least 5 fruit and vegetables each day if | really wanted to”
and “If | wereto eat at least 5 portions of fruit and vegetables
each day | would reduce my risk of heart disease and some
cancers’) and 1 response-efficacy item (“Eating at least 5
portions of fruit and vegetables each day will reduce my risk
of heart disease and some cancers’). Previous studiesindicated
that these measures areinternally consistent; the Cronbach apha
of the combined threat measure was .77, and the combined
efficacy measure was .78 [12]. Use of self-affirmation in
health-related realms follows the model of afear appeal; thus,
the EPPM should provide us with information about which
variablesin the model are affected by self-affirmation.

Statistical Analysis

First, we examined adherence. Our longitudinal data consisted
of users tracking whether they successfully met their fruit and
vegetable consumption goal each day. Given that thisisabinary
response variable, we modeled it using a logistic regression.
However, individuals may have initial differences and there
may also betemporal differencesin how usersrespond over the
course of the 28-day study. To address these differences, we
used a mixed-effects logistic regression that alowed us to
control for thetemporal and individual differencesand carefully

http://mhealth.jmir.org/2018/7/e157/

Springer et al

examine the fixed differences of theinitial self-affirmation and
self-affirmation boosters.

Second, we examined attrition. We used a Kaplan-Meier
survival curve to visually examine the full cohort’s survival
curve. We then fitted a Cox proportional hazards model to
examine whether the self-affirmation conditions had an effect
on not just adherence, but overall attrition from the app.

Third, we examined the mechanisms behind self-affirmation
using the EPPM. This analysis used a linear regression model
to examine how different factors interacted with the
self-affirmation to influence user intentions.

We cal culated the number of participants needed for thisanalysis
using Diggle's longitudinal power analysis [35]. We specified
a significance level of .05, power of .80, n=28 repeated
measures, and a conservative repeated measures correlation of
.6. We used Fotuhi’s effect size of 0.24 [36], which was the
closest experimental design to ours that used self-affirmation
in a health behavior context. This calculation resulted in
requiring 132 participants for afully powered experiment.

Results

Sample Characteristics

Recruitment resulted in 134 participants completing the intake
survey. Among these, 127 downloaded and signed up within
the Coach mobile app. Of these 127 participants, 90 identified
asfemale, 36 identified as male, and 1 identified as nonbinary.
Participants reported averaging 2.23 servings of fruits and
vegetables the day before filling out the intake survey. To
confirm that no group differences existed at intake, we tested
basdline group differencesin possible confounds. No differences
existed in age (P=.24), sex (P=.79), ethnicity (P=.89), body
mass index (P=.50), or prior average intake of fruits and
vegetables (P=.26). There was no discernable differencein the
manipulation check between initial conditions (t;190g=0.34,

P=.74).

Sdf-Affirmation and Behavior Change

Our first research question concerned whether a higher dose of
self-affirmation would increase goal adherence for our
participants. This meansthat the group receiving both theinitial
affirmation and affirmation boosters would outperform the other
conditions in meeting their daily goals of fruit and vegetable
consumption. We tested this hypothesis using a mixed-effects
logistic regression model. The model was specified with random
effects to control for participant differences and temporal
differences. Condition independent variables (initial affirmation
and booster affirmation) were specified as fixed effectswith an
interaction. We found that participants who received both the
initial affirmation and booster affirmations were significantly
more likely (P=.04), to meet their goals of fruit and vegetable
consumption throughout the study. Higher coefficientsin Table
1 indicate higher log odds of a participant in each condition
reporting they met their fruit and vegetable intake goa. As
Figure 3 shows, this resulted in overall higher probability of
adherence in the group receiving the highest dose of
self-affirmation exercises.
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Table 1. Coefficientsfor the logistic regression model of goal adherence.
Coefficients Coefficient estimate SE zvalue P value
(Intercept) 0.56 0.35 1.61 A1
Initial self-affirmation -0.12 0.50 -0.25 .81
Self-affirmation boosters -0.38 0.50 -0.76 .45
Initial * boosters 142 0.71 201 042
8gignificant at P<.05.
Figure 3. Percentage of goas met by condition.
100 B NoInitial Self-Affirmation— [l Initial Self-Affirmation
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Sdf-Affirmation and Attrition

Our second research question concerned the relationships of
self-affirmation dose and attrition. We examined attrition using
the Kaplan-Meier survival curve and Cox proportional hazards
model. We defined a user to have dropped out of the study after
they had missed 5 consecutive daily entries. While thismay be
conservative, we arrived at this number by examining the
varianceintotal timesreported compared with thelongest streak
of consecutive misses from the participants. We noted that
variance was generally low for participants with miss streaks
between 1 and 4, indicating that they generally went on to
complete the remaining study. However, around a miss streak
of 5, the variance grew dramatically, indicating that participants
who missed 5 entriesin arow became more likely to drop out
and never return to the study. Thismethod isanalogousto using
the well-established scree test for determining the number of
factors in a factor anaysis [37]. For the following attrition
analyses, we defined the time of dropout as the first day in a
string of 5 or more consecutive nonreports from a single
participant.

Figure 4 shows the full cohort’s attrition curve with 95%
confidenceintervals. Thiswascalculated using aKaplan-Meier
estimator with right-censored survival data. Right-censored data
fitted our data because many participants “survived” until the
end of the experiment; therefore, we don’t truly know how long
they would have continued reporting after the experiment
finished. The survival curve generally follows what has been
found previously for eHealth app adoption. The curveisfairly
steep at the beginning and then gradudlly flattensto acore group
of users over time [6].

http://mhealth.jmir.org/2018/7/e157/

RenderX

Booster Self-Affirmations

To test for differences in survival between conditions, we
calculated a Cox proportional hazards model. We specified the
proportional hazards dropout using EPPM variabl es (intentions,
threat, response efficacy, self-efficacy, and fear) and the
condition. Thismodel using EPPM variablesand condition was
significant at P=.04. Table 2 shows the coefficients of this
model.

M echanism of Salf-Affirmation’s Effects

Our final research question concerned what mechanisms mediate
the effects of self-affirmation. To examine this, we measured
and modeled the EPPM in order to see which factors of the
model were modified by the initial self-affirmation exercises.

We expected that including the initial self-affirmation as a
predictor in the EPPM model would increase the explained
variance in intentions of the model. Consistency between
subscale items in the EPPM questions was high (alpha range
.80-.89) and thus we averaged the subscales to create single
scores for each subitem. We specified alinear regression in the
form of Napper et al [12] with the addition of the averaged fear
subscale (Table 3 shows the coefficients). Given that we
included fear as a primary variable, we specified fear and an
interaction between self-efficacy and fear within the model in
accordance with the original conception of the danger control
process [33]. We found strong support for the EPPM model as
awhole (R?=.39, P<.001), but the addition of initial affirmation
and associated interactions as predictors did not improve the
explanatory power of the model. Table 3 showsthe final EPPM
model.
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Figure 4. “Surviva” of Coach app participants as shown by a Kaplan-Meier survival curve with 95% confidence intervals (dashed lines).
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Table 2. Coefficientsfor the Cox proportional hazards model.

Coefficients Coefficient estimate SE zvalue P value
Initial self-affirmation -0.02 0.43 -0.05 .96
Self-affirmation boosters 0.18 0.41 0.43 .67
Self-efficacy 0.19 0.31 0.60 .55
Response efficacy -0.05 0.35 -0.14 .89
Intentions 0.10 0.31 0.33 .74
Fear 0.17 0.05 3.69 <.001%
Initial * boosters 0.28 0.56 0.50 .61
8gignificant at P<.05.

Table 3. Coefficients for the extended parallel process model linear regression model.

Coefficients Coefficient estimate SE zvalue P value
(Intercept) 152 117 131 .19
Threat -0.45 0.36 -1.26 21
Self-efficacy 0.05 0.39 0.12 .89
Response efficacy 0.42 0.10 4.29 <.0012
Fear 0.23 0.09 2.64 <.0012
Initial self-affirmation 0.59 0.53 113 .26
Threat * self-efficacy 0.16 0.11 1.48 14
Fear * self-efficacy -0.08 0.03 -3.01 <.0012
Fear * initial 0.04 0.03 112 .27
Threat * initial 0.01 0.13 0.09 .93
Self-efficacy * initia -0.25 0.15 -1.70 .09
gignificant at P<.05.

mHealth app targeting increasing fruit and vegetable
consumption. However, our work also demonstrated the
difficulty in adapting traditional laboratory-based interventions
to the unstructured lives of mobile users. Traditional
interventionsfor self-affirmation are relatively unstructured but
are supported by the consistency of thelaboratory environments

Discussion

Principal Results

We demonstrated that continual self-affirmation exercises
resulted in increased adherence among participants using an
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in which they are administered. These results indicate that
carefully constructed self-affirmation exercises can beintegrated
into unstructured daily life through mHealth systems and may
improve adherence as a result.

Self-Affirmation Promotes Adherence

We demonstrated significant positive effects on adherence for
the experimental group that engaged in higher doses of
sdlf-affirmations. The group receiving aninitial self-affirmation
and booster self-affirmations met their daily goals 21% more
than the control (72.8 [317/435] and 60.4 [306/506],
respectively, where numbers in brackets show how many goals
the participants met over the records the participants made of
their healthy eating where they didn't meet their goals; see
Figure 2); this effect is large enough to have major effects in
real-world scenarios.

Perhaps even more important, we demonstrated that this effect
can be achieved in the context of an mHealth app. To our
knowledge, no previous work on self-affirmation has used
mHealth apps. mHealth apps present problems for typical
self-affirmation exercises, including constantly changing
environments, competing attentional requirements, and different
affordancesfor inputs. Thiswork indicated that self-affirmation
exercises can be adapted in ways that make them amenable to
increasing adherencein mHealth contexts. In turn, this enables
these increases in adherence to benefit large groups of people,
since mHealth apps have the ability to be deployed to a large
number of people quickly.

S f-Affirmation Exhibits Dosing Effects

We supported our primary hypothesis that repeated
self-affirmation promotes goal-achieving behaviors in the
context of an mHealth system designed to increase fruit and
vegetable consumption. Interestingly, we seemed to have found
adose effect in the administration of self-affirmation exercises.
Previous studies had increased doses of self-affirmation [15,30],
but did not closely examine these effects. Our work may point
toward a dose effect. The only group that significantly differed
was the group that received both the initial and booster
affirmations, the highest overall dose. This contrasts with
previous hypotheses from Steele, the original author of the
self-affirmation theory; as Steele [38] wrote: “there is no
evidence yet to suggest that a minimum level of engagement
with the manipulations is required before an individua is
sufficiently affirmed.” Our work challenges this assumption
and callsfor further investigation into the dose-dependent effects
of self-affirmation.

Prior experiments recording participant behavior after asingle
sel f-affirmation exercise have been mixed in showing beneficial
effects. Some studies demonstrated that participants made
beneficial behavioral changes in the weeks and months after
self-affirming [13,14,19]. Others showed that, while
participants’ initial attitudes and processing changed, their
behavior was not affected by asingle self-affirmation [18,28,39].
Similar to many of these studies, our group receiving only an
initial self-affirmation did not show significant behavioral
changes. Additionally, our initial self-affirmation group failed
its manipulation check to differentiate it from the conditions

http://mhealth.jmir.org/2018/7/e157/
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that did not complete the initial self-affirmation. It is possible
that previous studies and this study found no differences for a
single self-affirmation because these doses of self-affirmation
simply were not high enough to elicit changes. Another
possibility is that the instability of administering these
self-affirmation exercises outside of a laboratory setting
increased the threshold of the dose needed.

An alternative interpretation of our results could be that, rather
than exhibiting dosing effects, different self-affirmation
exercises have varying effectiveness outside of laboratory
settings. The values essay that served as our initia
self-affirmation was relatively unstructured; participants wrote
freely in answering a prompt with a few questions. The
self-affirmations that we constructed based on the kindness
guestionnaire were more structured; we asked participants
specific targeted questions and they then answered with an
example from their lives. We cannot confirm that more
structured self-affirmation exercises are more effective outside
of laboratory settings, but this should be explored further.
However, previous results indicated that unstructured
self-affirmation exercises such as a values essay may be
effective in Web-based contexts [30].

M echanism of Self-Affirmation
In agreement with previouswork, the EPPM predicted intentions

to change behavior (R?=.39). However, unlikein previouswork
by Napper et a [12], in our study, the self-affirmation condition
added no explanatory effect. We measured the EPPM factors
only after the initial self-affirmation in groups that received it;
if we had repeated this measure at the end of the study following
the higher doses, it is possible that we would have seen the
effects that we hypothesized.

We expected to see an interaction between self-affirmation and
self-efficacy but did not find that. Self-efficacy and
self-affirmation have shown strong interactions in previous
studies. These studies showed that self-affirmation benefitted
those who were most at risk and felt that they did not have
self-resources avail abl e to make the behavior changesrequired.
Again, we expect that the lack of interaction between
self-affirmation and self-efficacy in our data was due to the
small effect of theinitial affirmation.

In addition, we expected that fear levels would predict
intentions. The EPPM indicatesthat fear affectsintentionsonly
as mediated by perceived threat [33,40]. However, this
experiment indicated that fear influences intentions directly, as
well as in interaction with self-efficacy. In a study by Popova
[40], high perceived efficacy and presence of fear influenced
danger control outcomes (high intentions), although mediated
by perceived threat. Our results, however, do not support this
hypothesis. First, in our model perceived threat did not mediate
the relationship between fear or self-efficacy and intentions.
Second, we found the opposite interaction between fear or
self-efficacy and intentions. We found that, at high levels of
self-efficacy, higher levels of fear actually corresponded with
decreased intentions. At lower levels of efficacy, fear
corresponded to higher intentions.
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mHealth System Recommendations

We found support for the inclusion of self-affirmation into
systems promoting behavior change. We delivered
self-affirmation in away that is more amenable to mobile apps
and resulted in improved adherence to health goals, thereby
increasing health behaviors. Our resultsindicate that, in mobile
environments, the dose of self-affirmation may matter greatly.
This may be due to the changing environment when
administering such interventionsin natural settings.

As we have demonstrated, this form of self-affirmation is
effective for behavior change in mHealth apps designed to
improve user eating habits. Other studies have supported the
effectiveness of more manual self-affirmation interventions
with targets such as education [11], well-being and happiness
[30], physical activity [41], smoking cessation [14], and reducing
alcohol consumption [13]. Many mobile apps aready exist to
help support peoplein these realms, but none, to our knowledge,
have integrated self-affirmation to increase this support.
Self-affirmation could play a valuable role in increasing the
effectiveness of these apps, particularly for users who may be
most at risk.

Limitations

This study had a few limitations that should be acknowledged
when considering the results. Our study was underpowered.
Our power analysis showed that we required 132 participants
to befully powered; dueto 7 dropouts between the intake survey
and app download, we anayzed only 127 participants.
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Additionally, 70.9% (90/127) of our sampleidentified asfemale;
this could limit transferability to larger populations. It is also
possible that our compensation strategy for participants
influenced their adherence and attrition. While participants
across conditionswere all paid the same, it is possible that there
was someinteraction between compensation and self-affirmation
that we cannot discern with this design.

Future Work

We call for other systems researchers to examine their own
mobile apps with an eye toward integrating these
self-affirmation exercises to enhance their systems. While we
demongtrated positive effects from self-affirmation in the context
of healthy eating, prior non-mHealth experiments indicated
broad applicability of mHealth to different behavior change
targets. Self-affirmation hasthe potential to be the digital analog
to aspirin: an intervention that has positive effects on behavior
in many apps. Our self-affirmation exercises are simple to
implement and require only a short time commitment.
Translating these interventions to the mobile world has created
a highly scalable and customizable technique to enhance
behavior change.

Thiswork raisesaquestion of correct self-affirmation dose and
response thresholds. This work indicates that higher doses of
self-affirmation exercises may be effective in increasing goal
adherence. Future work could explore the effectiveness of
various self-affirmation schedules in augmenting existing
mHealth apps with appropriate self-affirmation dosing
schedules.
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Abstract

Background: Real-time ecological momentary interventions have shown promising effects in domains other than alcohol use;
however, only few studies regarding ecological momentary interventions for alcohol use have been conducted thus far. The
increasing popularity of smartphones offers new avenues for intervention and innovation in data collection.

Objective: We aimed to test the efficacy of an ecological momentary intervention, comprising mobile Web-based ecological
momentary assessments (EMAS) and text messaging (short message service, SMS) brief interventions, delivered during drinking
events using participants mobile phones.

Methods: We conducted a three-armed randomized controlled trial to assess the effect of a mobile Web-based ecological
momentary assessment with texting feedback on self-reported alcohol consumption and al cohol-related harms in young adults.
Participants were enrolled from an existing observational cohort study of young adults screened for risky drinking behavior. The
intervention group (ecological momentary intervention group) completed repeated ecological momentary assessments during 6
drinking events and received immediate texting-based feedback in response to each ecol ogical momentary assessment. The second
group (ecological momentary assessment group) completed ecological momentary assessments without the brief intervention,
and the third did not receive any contact during the trial period. Recent peak risky single-occasion drinking was assessed at the
baseline and follow-up using telephone interviews. We used arandom effects mixed modeling approach using maximum likelihood
estimation to provide estimates of differencesin mean drinking levels between groups between baseline and 12-week follow-up.

Results: A total of 269 participants were randomized into the 3 groups. The ecological momentary intervention group exhibited
asmall and nonsignificant increase between baseline and foll ow-up in (geometric) the mean number of standard drinks consumed
at the most recent heavy drinking occasion (mean 12.5 vs 12.7). Both ecological momentary assessment and control groups
exhibited a nonsignificant decrease (ecological momentary assessment: mean 13.8 vs 11.8; control: mean 12.3 vs 11.6); these

changes did not differ significantly between groups (Wald x22 1.6; P=.437) and the magnitude of the effects of the intervention

were markedly small. No other significant differences between groups on measures of alcohol consumption or related harmswere
observed. The intervention acceptability was high despite the technical problemsin delivery.
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Conclusions:  With a small number of participants, this study showed few effects of an SMS-based brief intervention on peak
risky single-occasion drinking. Nevertheless, the study highlights areasfor further investigation into the effects of EMI on young

adults with heavy alcohol consumption.

Trial  Registration: Australian  New

http://www.webcitation.org/7074magwcs)

Zedland
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Introduction

Risky single-occasion drinking (RSOD, defined as=5 Australian
standard drinks, ie, 50 g of alcohol in one session) is a
significant cause of preventable morbidity and mortality in
Australiaand contributes to further social, economic, and legal
harms. RSOD is particularly common in young adults; almost
half of 18- to 24-year-olds engage in RSOD at least monthly
with approximately one-quarter of this age group doing so at
least weekly [1]. Similar patterns are observed among 25- to
29-year-olds, with ailmost 40% engaging in RSOD at least
monthly and approximately 20% at least weekly [1].

Brief interventions (Bls) are one of few individua-level
strategies that have demonstrated efficacy for reducing alcohol
consumption in young people [2,3]; these interventions
commonly involve screening and assessing drinking behavior
and providing personalized feedback. Research has revealed
that Bls can be feasibly and acceptably delivered through
Web-based technol ogies; theseinnovations reduce cost, enhance
convenience, and expand intervention reach. A recent systematic
review assessed the effects of 93 computer-delivered
interventions and reported small but significant effects on 5
alcohol outcomes [4]. In young people, specifically, Kypri et
a [5] and Voogt et a [6] have demonstrated the efficacy of
Web-based Bls for reducing RSOD.

Researchers have harnessed mobile phone technology to study
alcohol consumption and intervention in participants' natural
environments. Some studies have focused solely on the use of
mobile phones as remote data collection tools to conduct
ecological momentary assessments (EMA), which are repeated,
real-time behavioral surveys. EMAS are an dternative to the
usual methods of measuring acohol consumption, which often
involve long-recall periods or averaging of usual drinking [7].

Suffoletto et a used short message service (SMS) text messaging
for both data collection and intervention in their studies
investigating the use of texting for reducing acohol consumption
[8,9,10]. In a feasibility trial, young adults screened for
hazardous a cohol consumption in emergency departmentswere
asked to report the total and maximum single-occasion drinking
each week on either Saturday or Sunday via SMS text
messaging, with the intervention group sent immediate texting
feedback and advice[8]. They found that the intervention group
consumed fewer drinks per drinking day in the last month at
follow-up compared to controls. In a subsequent study, they
expanded their method by asking young people to report their

http://mhealth.jmir.org/2018/7/e149/

intentions to drink on the coming weekend, commitment to
reduce drinking, and later, their actual weekly drinking [9].
Tailored advice was sent to partici pants based on their responses.
Theauthorsfound small reductionsin their intervention group’s
self-reported drinks per day and number of drinking days,
compared to the control group [9]. While both previous studies
recruited participants from emergency departments, more recent
research from Suffoletto et al demonstrated that texting Bls
show promise as a booster to aface-to-face-delivered program
for reducing alcohol consumption in college students who had
violated a campus alcohol policy [10].

Further work has capitalized on the ability for texting to reach
participants not only intheir environments but also in real-time,
as behavior occurs. EMA is a generic term that encapsulates
the repeated sampling of behavior in natural environments[11]
and has been used to describe both weekly and daily data
collection. Kuntsche and Robert demonstrated the feasibility
of collecting acohol EMA data using SMS text
message-delivered survey links[12]. In their study, on weekend
nights, the participants were sent an SM S text message probing
their intention to drink and mativation to drink. The following
day, they were asked to report the number of drinks consumed
the previous night and whether their drinking had any
consequences. Previous research has demonstrated no reactivity
to EMAs (ie, completing EMAs does not affect drinking
behavior) [7,12].

However, EMA can aso be used for event-based sampling,
providing rich snapshots into participants' lives and behaviors
as they unfold. EMA with event-based sampling have reduced
recall bias, as participants are reporting their behaviors,
experiences, and state of mind as they occur, without needing
to rely on memory to reconstruct their event [11], thereby
facilitating more valid inferences about the nature of
time-varying, episodic behaviors, such as drinking, as well as
other contextual factors associated with drinking (eg, mood,
location, and smoking) [7,11]. When these data are collected
together, in rea time, we can gain rich and accurate insights
into the dynamic patterns of behavior and experience, with an
enhanced capacity to detect the antecedents and modifiers of
behavior, as well as outcomes [11]. Hence, event-based EMA
methods represent an important advancement in our ability to
understand al cohol consumption and can be extraordinarily rich
sources of data for informing our attempts to modify drinking
behavior.
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Ecological momentary intervention (EMI) is an extension of
EMA that provides intervention based on responses provided
in EMA. Logically, the design of EMI depends on the intensity
and nature of EMA to which it responds. Just as EMA can be
delivered during risk events, such as drinking episodes, EMI
can be delivered at a point of time when a behavior of interest
is occurring. Cohn et a described the potential for EMI to be
delivered when individuals are at greatest risk and when they
may bevulnerableto violating abehavior changegoal [13]. The
effectiveness of real-time interventions appears to be enhanced
when EMA areused to tailor content delivered within EMI [14].
In domains other than alcohol use, real-time mobile phone
interventions have shown successin improving health behaviors,
including sexual health and risk behavior [15,16], smoking
cessation [17,18], weight management [19,20], and physical
activity [21]. However, few studies have investigated the effects
of EMI on alcohol consumption.

Riordan et al focused on tertiary students during the orientation
week (the week before classes start for first-year students,
usualy involving many social events) intheir trial of SMS text
message-delivered EMI [22]. They sent intervention and control
groups 4 EMAs by SM S during orientation week and once per
week during semester to assess alcohol consumption in the day
prior to assessment. Participants in the intervention condition
additionally received an SMS text message with health
consequence warnings on each night of the orientation week.
The authors reported a reduction in alcohol consumption in
females but not in males in the intervention group during
orientation week [22]. In a subsequent study of students from
2residential colleges, Riordan et a sent intervention and control
groups 2 EMAshby SM Stext messages during orientation week
to assess daily alcohol consumption and 7 fortnightly EMAS
during thefirst semester to assessweekend drinking. In addition,
an EMI condition comprised 2 intervention SM S text messages
per night on 4 drinking-focused social events during orientation
week, with content covering social consequences of alcohol
use. In one college, asignificant difference wasfound in a cohol
consumption with fewer drinks consumed by the EMI condition
across orientation week and over the academic year; however,
no significant differences were observed between conditionsin
the second college [23]. A key strength of Riordan et al’s later
study is that they began to explore real-time intervention, that
is, intervening at the time that the targeted behavior (drinking)
was actually occurring. Further opportunities exist to integrate
event-based sampling with “real-time EMI;” this involves
tracking behavior and responding as it occurs and has proven
effective in other health domains [15-21].

This study addresses a gap in this emerging area of research,
contributing to the literature on mobile phone-delivered,
real-time alcohol EMI. We aimed to test the efficacy of an EMI,
comprising mobile Web-based EMAs and texting Bl s, delivered
during drinking events using participants’ mobile phones. We
hypothesized that the EMI group would report a reduction in
the acohol consumption compared with the control group
receiving no contact.

http://mhealth.jmir.org/2018/7/e149/
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Methods

We conducted athree-armed randomized controlled trial (RCT;
ACTRN12616001323415) to assess the effect of a mobile
Web-based EM A with texting feedback on self-reported al cohol
consumption and alcohol-related harms in young adults. The
study was registered with Australian New Zealand Clinical
Trials Registration. We adhered to the recommendations of the
CONSORT-EHEALTH checklist [24].

Participants

Participants were recruited from the Young Adults Alcohol
Study (YAAS) [25], which is an observational cohort study of
young adults living in Melbourne, Australia. This study has
included annua telephone interviews, and participants have
never previously been offered any intervention. The YAAS
cohort study commenced in 2012 with a representative sample
of 802 Melburnians aged 18-25 years, screened for engagement
in very high-risk drinking (=7 standard drinks in a single
occasion for females and 210 for males) [25]. In 2015, the
origina 802 participants were contacted for athird wave of data
collection and invited to participate in the current study. An
additional 51 participants were recruited to YAAS in 2015,
using the same random digit dialing procedure and screening
criteriaand were also invited to participate in the current study.
Participants were eligible if they owned a smartphone and
reported recent risky drinking behavior (=5 drinks in asingle
session in the past 3 months). The 2015 YAAS data served as
the baseline for this trial, at which time all participants were
aged 18-29 years.

Recruitment and Procedures

Participants who agreed to be contacted about the trial were
randomly alocated to one of the 3 arms as follows. an
intervention group that received a Bl delivered over mobile
phone (EMI group) or two control groups in which the
participants either completed EMASs without Bl (EMA group)
or did not receive any contact throughout the trial period
(no-contact group). Participants were sent detailed information
about their group’s specific procedures and were asked to
register to use the relevant intervention. The nature of the
intervention meant that it was impossible to blind participants;
however, they remained unaware of the detailed procedures of
the other arms. Thosewho did not register for their intervention
werefollowed up by telephone. A non-respondent questionnaire
was administered for those contacted to document reasons for
refusal. Once registered, participants in the EMI and EMA
groupswereimmediately ableto sign up for their “event nights,”
which were self-selected nights that they planned to drink on;
remindersto sign up for nights were sent weekly for 12 weeks.
Follow-up telephoneinterviews commenced 12 weeks after the
first person registered and ran over 4 weeks. Participants were
not called until they had reached 12 weeks postregistration but
were contacted regardless of their adherenceto theintervention
(ie, an intention-to-treat approach).
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Design of Ecological Momentary Assessment and
Ecological Momentary Intervention

Theintervention, including both EMA and intervention message
components, was co-designed by young peoplein adevelopment
study that utilized focus group workshops, individual testing,
and in-depth follow-up interviews. A total of 40 participants
contributed to the development of the overall design of the
intervention, including EMA questionnaires, timing, frequency,
technology platforms, and message content. After testing the
intervention, participants deemed the intervention content, mode
of delivery, and burden as acceptable and feasible [26,27]. The
content, language, and framing of the content for EM| messages
was also informed by the participatory co-design process used
inthe devel opment study [26], with messages refined according
to principles of motivational interviewing theory [28]. We
refined our message content based on feedback received in our
development study follow-up interviews, which included both
asurvey, rating scalesfor individual messagesreceived, and an
in-depth interview. This refinement processincluded removing
unpopular messages and message themes, creating alternative
messages with similar text for high-rating messages (to ensure
variety when tested on multiple nights), and creating new
messages as suggested by participants in their follow-up
interviews. Wethen contracted a programmer to build an online
module that could capture survey data and send automated
tailored SMS text message in response. We spent 4 months
testing and refining the system to resolve technical errors before
commencing the study.

Ecological Momentary Assessment Data Collection

Participants from the EMI and EMA groups were asked to
choose 6 weekend nights on which they were planning to drink
during the 12-week study period to complete EMA surveys. No
minimum consumption was specified. Participants were
prompted each Thursday afternoon with an SM S text message
reminder to register the nights over the weekend on which they
planned to drink.

The 6 pm presurvey comprised questions about the participants
intentions for the night, including how much they planned to
drink, spend , and eat; aranked list of particular adverse events
they wished to avoid; their planned mode of transport home;
next day plans; any alcohol consumption so far; mood; and the
option of writing amessage to themsel ves, which would be sent
back to them during the night. At hourly intervals between 7
pm and 2 am, participants were sent a shorter EMA
guestionnaire asking about the current venue type, alcohol
consumption since the last survey, spending, mood, and
self-reported drunkenness. Participants were able to opt out of
the intervention at the end of each questionnaire if their
evening’s drinking was about to end. At 11 am the next day, all
participants were sent another questionnaire about alcohol
consumption and spending that occurred after the final EMA
(ie, after 3 am or when they completed their last EMA of the
night), estimated total standard drink consumption and money
spent for the night, an estimated volume of water consumed
during the night, adverse events, whether a hangover was
experienced, and a“fun” rating of the night.
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Ecological Momentary I ntervention M essages

In addition to completing EMAS, the EMI group received the
texting Bl component. Following submission of each EMA
guestionnaire throughout intervention nights, they received a
tailored feedback SMS text message. All feedback SMS text
messages during the night contained information reminding the
EMI participantsof their original intentions or motivations, tips
to avoid adverse consequences, or feedback relating to
cumulative consumption or spending. These messages were
based on a different key variable each hour. The messages
comprised a range of columns in which each message was
classified by “gender,” “time” “location,” “drunkenness,’
“motivation,” as well as some variables that were pertinent to
aparticular messagetype prescribed for atime point (ie, whether
the participant had eaten, which was only relevant to tailoring
in the first message at 6 pm). Different messages were written
to ensure that there was a suitable option for different contexts
that they might find themselves in. For example, participants
in a nightclub might receive a message reminding them to get
water next time they were at the bar, whereas a different
message would be suitable for participants at a house party. A
range of messageswerewritten for each hour and context based
around what participants reported their motivations to be so as
to reduce the repetition of messages. The system was set up so
that any participant could not receive the same message twice
over the course of the whole intervention period. The length of
messages varied, with shorter messages sent later in the night,
and shorter, simpler messages sent to people reporting higher
levels of intoxication. The development of message content for
thisintervention has been described in two previous publications
[27,29], and further detail regarding the tailoring of messages,
including examples of messages, are provided in the protocol
publication [30]. The messages were underpinned by
motivational interviewing and Bl theory [26,27]; we used the
FRAMES framework to inform our approach [28,31,32].

Control Groups

Thefirst control group (EMA) followed the EMA data collection
procedure described earlier (including registration for 6
intervention nightsand all questionnaires on each night) but did
not receive any feedback viaan SMStext message. This EMA
group was included in the trial to investigate reactivity and
whether completing assessments alone (without SMS text
message feedback) can affect drinking behavior. The second
control group (no contact) received no contact until follow-up,
which occurred 12 weeks after the baseline assessment. In this
study, the no-contact group was the primary control group
compared to the EMI group in analysis.

Reimbur sement

Participants from the EMI and EMA groups received
reimbursements based on thelevel of participation in thisstudy.
For each event completed (maximum 6), participants received
$10. If al 6 were completed, a bonus of $20 was given.
Participation in the follow-up survey was valued at $20. Thus,
participants who completed all 6 events and the follow-up
interview received $100 in cash or voucher. The no-contact
group members received $20 for completing the follow-up
telephone survey.
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Ethics

We obtained ethics approval for this RCT from the Monash
University Human Research Ethics Committee (CF15/3600 -
2015001556). The Alfred Health Research Ethics Committee
approved the YAAS cohort study (35/12).

Primary Outcome M easure

The primary outcome measure was the peak number of drinks
consumed in a single night (peak RSOD) at baseline and
follow-up, and the primary comparison was between those
receiving the intervention (EMI) and the primary control
participants (no contact). Our focus on heavy drinking from an
occasional or binge perspective is because this pattern is the
main risky drinking patternin our target age group [25,33]. This
outcome was measured by asking participants about the number
of drinks consumed in their heaviest drinking occasion in the
past 3 months at both baseline and follow-up telephone
interviews.

Secondary Outcome M easures

Secondary outcomes of interest were measured at both baseline
and follow-up interviews and included alternative measures for
risky acohol consumption and experiences of alcohol-related
harms. Secondary alcohol consumption measures were derived
from the graduated frequency measures [34]. The graduated
frequency questionnaire included the following questions:. “In
the past 12 months, how often have you had 20 or more standard
drinksinaday?’ with response optionsincluding “Every day,”
“5 to 6 days a week,” “3 to 4 days aweek,” “1 to 2 days a
week,” “1 day aweek,” “2to 3 days amonth,” “About 1 day a
month,” and “ L ess often than 1 day amonth.” The question was
then repeated inquiring about frequency of consumption: 11-19
standard drinks, 7-10 standard drinks, 5-6 standard drinks, 3-4
standard drinks, and 1-2 standard drinks. We used data from
these questions to derive annual consumption of >730 standard
drinks per year, as it equates to >2 standard drinks per day,
which reflects the Australian National Health and Medical
Research Council guidelines for alcohol consumption. If >365
drinking days were reported, the 365 heaviest drinking days
were included. In addition, we reported on the monthly
consumption of =11 drinksin asingle session. The Australian
National Drug Strategy Household Survey commonly uses the
threshold of =5 drinksin asingle session to definerisky episodic
drinking; however, our participants had already been screened
for recent drinking above this threshold and it was therefore
appropriate to investigate a higher threshold [25].

Reporting of a cohol-related harmsincluded yes/no/don’t know
responsesto itemsderived from the GenACIS[35] and VYADS
guestionnaires [36], which included the following statements
that referred to occurrences of harm on their heaviest drinking
occasion in the past 3 months: “Did you get into any verbal
arguments or verbal fights on that occasion?,” “Did you fail to
dowhat you intended to do the day after the session?’ and “ Did
you have any trouble getting home on that occasion?’ For the
transport-related question, respondents answering “yes’ were
asked to define the nature of the trouble; response options
included the following: “Had to wait”; “Didn’t have enough
money”; “Missed last train/tram/bus’; “Couldn’t find a
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taxi/Uber”; “ Taxi/Uber wouldn’t take me”; “ My lift/designated
driver left beforeme”; “1 had an accident (bicycle/other)” ; “ Got
lost”; “Felt unsafe”; “Had to call someone to pick me up”; or
“Other (specify).”

[licit drug use was measured using an item derived from
GenACIS [35], which included a Yes/No response to the
following statement: “Did you consume any drugs on that
occasion that includesillicit drugs, or pharmaceutical drugsthat
were not prescribed to you?' This outcome was included as
reported previously that illicit drug useis associated with heavy
drinking events in young peoplein Melbourne [37].

We assessed both feasibility and acceptability in the follow-up
survey using Likert scales to rate several aspects of the
respondents’ experiences of the intervention. Both EMA and
EMI group participants were asked to what extent they agreed
with the following statements: “Filling in the surveys was
quick;” “Filling in the surveys was easy;” “| enjoyed filling in
the surveys;” “My friends knew that | was doing the surveys
during the nights;” “ Doing the surveys hel ped meto think about
keeping track of my drinking and spending;” “Doing the surveys
helped me to think about having a safer night;” “Doing the
surveys didn’'t interrupt my night too much;” “1 didn’t want
friends to know that | was doing the surveys;” “The surveys
weretoo long;” and “ Doing the surveys made me want to drink
more.”

Furthermore, we asked EMI group participants to evaluate Bl
message acceptability by asking to what extent they agreed with
the following statements. “The messages that | received were
useful;” “The messagesthat | received wererelevant;” “1 shared
the message with my friends during the night;” and “ Receiving
the messages helped me to keep track of my drinking and
spending.”

Sample Size

Power calculations were based on the primary aim of reducing
mean peak RSOD by 2.5 drinksin the EMI group compared to
the no-contact group. Assuming an SD of the peak RSOD of
5.2, 67% endpoint participation, 90% power, and 5%
significance, we estimated that asample of 127 participants per
group was required. The sample size estimate was cal culated
to test for a group-by-time interaction from a mixed repeated
measures design, and a moderate correlation between subject
measurements (r=.45, estimated from earlier waves of YAAS
data). Further detailsare reported in the published protocol [30].

Statistical Analyses

For the primary outcome, we used a random effects mixed
modeling approach using maximum likelihood estimation to
provide estimates of differencesin mean drinking levels between
the EMI and no contact group between baseline and 12-week
follow-up. In this model, we modeled study participants as
random factors (ie, random intercept) and group allocation as
afixed factor. Our primary focus of analysiswastheinteraction
between intervention and study time (baseline vs follow-up).
Asthe sampledistribution of participants peak RSOD exhibited
some evidence of positive skew, we estimated the natural log
of the peak RSOD in mixed modeling analyses and reported
geometric means. |n addition, we used postestimation analyses
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to derive model marginal means and performed Wald tests for
differences between partial interaction terms and their joint
significance. Using nested mixed modeling for each

group-by-time contrast, Cohen f* standardized effect sizes[38],
which show the proportion of variance explained for a group,
were derived from the decomposition of model residual error
terms. To investigate differences between groups in the
secondary outcome measures, we used generalized linear mixed
modeling specifying a logit link function and binomial
distribution. We analyzed data from all participants who
consented to participate in the trial and were randomized,
regardless of their adherence to the planned intervention and
participation in follow-up (ie, an intention-to-treat approach).
Maximum likelihood estimation in mixed modeling provided
unbiased estimates in the light of study attrition assuming
missingness takes a missing at random process [39]. All
statistical analyses were performed using the Stata statistical
software package (version 13.1, Statacorp LLC, USA) [40].

Results

Participants

Figure 1 presents the participants’ flow. Of the original 802
YAAS participants, 373 completed wave 3 in 2015, which was
fewer than anticipated. A total of 59 participantswereineligible
for the trial either due to not drinking at risky levels (n=51) or
not owning asmartphone (n=8). Of the 314 eligible participants,
269 participants agreed to be contacted about the trial and were
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randomized into 3 groupsasfollows: EMI (n=90); EMA (n=89);
and no-contact control (n=90). Following receipt of the study
information, 101 participants completed the online registration
form (EM1=26, EMA=31, and no contact=44), falling short of
our target of 300 participants [30]. Of the 81 participants who
directly declined to participate over the phone or by SMS text
message, the primary reason for refusal was due to work/study
commitments (n=23); however, many also stated that they felt
that their timein the YAAS cohort meant they had contributed
enough to research (n=15). Some participants stated that they
did not drink enough for the study to be rel evant despite meeting
the drinking-related eligibility criteria (n=10). A minority felt
that the study design and requirement of 6 intervention nights
was too intensive (n=8) or did not provide a reason (n=7).
Following the 12-week study period, 87 participants could be
contacted for the follow-up telephone survey. Furthermore, 2
participants were excluded from the primary outcome analysis
as outliers (SD>3.29 from sample means; ie, P<.001) with
respect to the peak RSOD measure.

Although rates of registration for theintervention varied between
the 3 groups, at intervention commencement there were no
statistically significant differences between groups in
demographic characteristics (Table 1). The sample that
registered to receive the intervention had more females (60%)
than males, whereas the 2015 YAAS wave comprised 46%
females. There were otherwise no differences in the
demographic characteristics of the trial sample compared to
participants from the 2015 wave.
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Figurel. CONSORT flowchart.
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*Not meeting inclusion criteria (n=59)
- Did not own a smartphone (n=8)

- Did not drink af risky levels (n=51)
*Declined to participate (n=45]

Randomized (n=249)

EMI group
Alocated tointervention (n=20)
*Received dlocatedintervention(n=
26)
*Did not receive dllocated intervention
(n=64]
- Declined to participate (n=32)
- Phone disconnected (n=4)
- Not otherwise contactable (n=11)
- Contactbut did not sign up (n=17)

Allocation

EMA group
Allocated tointervention (n=89)
*Received alocatedintervention
(n=31)
*Did not receive dllocatedintervention
(n=58]

- Declined to participate (n=27)

- Phone disconnected (n=2)

- Not othenwise contfactable (n=7)

- Contact but did not sign up (n=22)

No contact confrol group
Allocated tointervention (n=20]
*Received adlocatedintervention
(n=44)
*Did not receive allocated intervention
(n=46)

- Declined to participate (n=23)

- Phone disconnected (n=3)

- Not otherwise contactable (n=3§)

- Contact but did not sign up (n=15]

l

sInterviewed at follow-up (N=25)
*Lost to follow-up (not contactable by
phone at follow-up interview) (n=1)

sInterviewed at follow-up (N=26)
sLost to follow-up (not contactable by
phone at follow-up interview) (n=3]

l

s Inferviewed at follow-up (N=34)
s Lost to follow-up (not contactable by
phone at follow-up interview) (n=8)

l

*Includedin analysis (n=90]
*Observations excluded due to outlier

(n=1)

*Includedin analysis (n=89)
*Observations excluded due to outlier
(n=3)

l

*Includedin analysis (n=%0)
*Observations excluded due To outlier
(n=3
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Table 1. Baseline sample characteristics by study group counts (n), percent (%), and probability values (P values) from chi-square inferential tests.

Sociodemographic characteristics EMI2 (n=90), n (%) EMAP (n=89),n (%) No contact (n=90), n(%) Total (n=269),n(%) P vaue
Gender .38
Female 46 (51) 37 (42) 45 (50) 128 (48)
Male 44 (49) 52 (58) 45 (50) 141(52)
Age (n=263) .69
18-24 years 59 (67) 62 (70) 56 (64) 177 (67)
25-29 years 33(29) 26 (30) 31(36) 86 (33)
Country of birth A7
Australia 79 (88) 82 (92) 78 (87) 239 (89)
Other country 11 (12) 7(8) 12 (13) 40 (11)
Recreational spending money (Aus $) A3
0-80 9(10) 16 (18) 6(7) 31(12)
80-160 24.(27) 21 (24) 16 (18) 61 (23)
160-240 17 (19) 16 (18) 27 (30) 60 (22)
240+ 40 (44) 35(39) 40 (44) 115 (43)
Do not know 0(0) 1(1) 1(2) 2(2)
Currently studying .56
Full-time 24.(27) 27 (30) 30(33) 81 (30)
Part-time 8(9) 6(7) 11(12) 25(9)
Not studying 58 (64) 56 (63) 49 (54) 163 (61)
Highest level of education .93
<Year 12 2(2) 3(3) 3(3) 8(3)
Year 12 19 (21) 22 (25) 23(25) 64 (24)
Tertiary 46 (51) 46 (52) 41 (46) 133 (49)
Diploma 13 (14) 7(8) 12 (13) 32(12)
Trade 10 (11) 11 (12) 11 (12) 32(12)
Sexual orientation .89
Heterosexual 80 (89) 79 (89) 81 (90) 240 (89)
Bisexual 7(8) 8(9) 8(9) 23(9)
Homosexual 33 2(2) 1(1) 6(2)
Living circumstances 14
With both parents 46 (51) 49 (55) 37 (41) 132 (49)
One parent 15 (17) 14 (16) 11 (12) 40 (15)
Not with parents 29 (32) 26 (29) 42 (47) 97 (36)

3EMI: ecological momentary interventions.
PEMA: ecol ogical momentary assessments.
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Table 2. Log peak risky single-occasion drinking (RSOD) at baseline and follow-up by study group: marginal geometric means for number of drinks
consumed in most recent heavy drinking occasion, P value for group by time interaction, and partial group by time contrasts (standardized effect size

[Cohen f2] and P value) from random effects linear mixed modeling? (n=265).

EMI®, marginal means®  EMAY, marginal means®

No contact, margina means®  Group-by-time  partig group-by-time contrasts, 21 (P value)

(@) cn cn interaction,

Basdline Follow-up Baseline Follow-up  Baseline Follow-up P value® EMlIvsno  EMIvs EMA vsno
contact EMA contact

12.45 12.7 138 118 12.3 116 437 0.001(.537) 0.02(.442) 0.01(.442)

(11.0-139) (10.2-151) (121-155) (9.6-14.1) (10.8-13.8) (9.7-13.5)

8Seven participant observations (EMI, n=1; EMA, n=3; control, n=3) were excluded because of outlying responses (P<.001) on the peak RSOD measure.

BEMI: ecol ogical momentary interventions.
®Geometric means.

9EMA: ecol ogical momentary assessments.
€Joint Wald test.

fCohen 2 represents the proportion of variance explained by each group in respective contrasts.

Participation

For both EMI and EMA groups, 63% (36/57) of participants
signed up for 6 or more events and the majority completed
surveys for al 6 events (58% [15/26] of the EMI group and
57% [18/31] of the EMA group). EMI participants signed up
for amean of 4.8 events and completed a mean of 4.5 events.
EMA participants signed up for a mean of 4.5 events and
completed amean of 4.2. A small number of participants neither
signed up for any event (7%; 5/57) nor completed any EMA.

Outcomes

Alcohol Use

Table 2 summarizes results from linear mixed models for the
primary outcome analysis. The EMI group showed asmall and
nonsignificant increase between baseline and follow-up in the
mean (geometric) humber of standard drinks consumed at the
most recent heavy drinking occasion (M=12.5vsM= 12.7). The
EMA and control groups showed a nonsignificant decrease
(EMA: M=13.8 vs M=11.8; control: M=12.3vs M=11.6); these
changes did not differ significantly between the groups (Wald
x%=1.6; P=.437) and the magnitude of the effects of the
intervention were markedly small [38]. Table 3 shows that no
significant differences existed between the groups regarding
any other measures of risky alcohol consumption or experiences
of harm. For illustrative purposes, the odds ratios presented in
Table 3 should be interpreted as follows: the EMI group had
1.4 times higher odds of reporting long-term, high-risk alcohol
consumption than the no-contact group (P=.76). We performed
Ad hoc analyses to include the completion of the 6 “events’
with EMI or EMA as a covariate in the model for the primary
outcome; however, this did not make any difference in the
results (data not shown).

Acceptability

Participation rates provideinsight into i ntervention acceptability.
Although the primary reasons for nonparticipation were
associated with external factors, mostly work and study
commitments, the EMI and EMA groups attained lower
participation (EM1=26/90, 29%; EM A=31/89, 35%; randomized)
than the no-contact group (n=44/90, 49%).

http://mhealth.jmir.org/2018/7/e149/

Table 4 outlines EMA and message acceptability as evaluated
at thefollow-up. Most participantsin both EMI and EMA groups
agreed that the EMA questionnaires were quick and easy to
answer. The proportion of participants in the EMI group who
reported that they enjoyed completing the questionnaires was
higher than that in the EMA group. Participants in the EMI
group were significantly more likely to report that their friends
knew that they were completing the questionnaires (P=.02). In
addition, most EMI participants reported that the messageswere
useful (69%,; 17/25) and relevant (88%; 22/25), with just over
half agreeing that “receiving the messages helped me to keep
track of my drinking and spending.”

Although we tested all features of the intervention
comprehensively leading up to implementation, we still
encountered problems, including some questionnaire links not
being sent on arequested event night, questionnaire linksbeing
sent after participants had opted out during an event, and some
feedback messages not being sent for EMI participants. Table
5 describes the nature and frequency of technical difficulties
encountered during the study period.

Resourcing Required for I ntervention

Both message content and questionnaires were designed during
theformative study [26], which took 3 months of aresearcher’s
time and review from 2 senior researchers. We contracted the
Social Research Centre (Melbourne, Australia) to recruit and
interview participants. In addition, we purchased a standard
license from SurveyGizmo to develop and host our EMA
surveys. We contracted SurveySignal to develop and program
the online module that sent al EMA SMS text messages,
captured data, and sent feedback SM Stext message. Researchers
spent 4 months testing and refining the program. Each SMS
text message cost US $0.10 to send. For each event night, the
EMI and EMA groups were sent up to 23 and 13 SMS text
messages, respectively. An additional SMS text message per
participant was sent to participantsin both groups asareminder
each week. Thus, to participate in the intervention as planned
with six full events, the total cost of texting was US $15 per
EMI participant and US $9 per EMA participant; this does not
include participant reimbursement or additional communication
regarding technical errors and queries about the research project.
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Table 3. Secondary measures of risky alcohol consumption and alcohol-related harms: adjusted odds ratio (adjOR), P values from group-by-time
interactions, and partial group-by-time contrasts from generalized linear mixed modeling (n=269).

Outcome EMI2 EMAP-only,  Nocontact, ~ Group-by-time  Partial group-by-time contrasts, P value
e . ,
adjOR® (Cl)  adjORC (Cl) adjOR™(Cl)  interaction, EMlvsno EMIvs EMA vsno
P value® contact EMA contact

M easures of risky alcohol consumption

High-risk long-term consumption ~ 1.40 (0.16- 2.28 (0.27- (ref) 74 0.76 0.75 .45
(annual volume <730 ASDSlyear)  1239) 19.08)
Monthly consumption of 11+ drinks  4.73 (0.40- 4.62 (0.55- (ref) .63 0.24 0.31 .16
in single occasion 40.39) 38.95)

Experience of harm on recent heavy drinking event

Any harm 1.43(0.20- 0.63 (0.10- (ref) .59 0.72 0.73 .63
10.07) 4.12)

Risk of verbal harm 1.15 (0.03- 0.74 (0.06- (ref) 57 0.94 0.96 .81
41.83) 8.97)

Risk of transport harm 0.90 (0.03- 5.86 (0.16- (ref) 32 0.95 0.44 .34
29.19) 217.58)

Failure to complete plans 2.13(0.23- 0.94 (0.13- (ref) .96 0.50 0.75 .95
19.56) 7.01)

Use of other drugson recent heavy drinking event

Use of any illicit drug 1.02 (0.07- 0.34 (0.02- (ref) .92 0.99 0.69 43
15.19) 5.08)

3EMI: ecological momentary interventions.
PEMA.: ecol ogical momentary assessments.

Cadj OR shows model interaction term between study group and time and representsthe differencein the changein odds (by time) of the outcome between
respective intervention groups and the no-contact group.

d30int Wald test.
€ASD: Australian Standard Drinks.
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Table4. Participant agreement with acceptability-related statements by study group: counts (%) and P val ues from chi-squareinferential tests. Agreement
was taken as either “agreeing” or “strongly agreeing” with a respective statement.

Statement EMI2(n=25),n (%) EMAP (n=26),n (%) Pvaue
EMA-related statements
Filling in the surveys was quick 22 (85) 20 (65) .09
Filling in the surveys was easy 22 (85) 23 (74) .34
| enjoyed filling in the surveys 17 (65) 15 (48) .20
My friends knew that | was doing the surveys during the nights 22 (85) 17 (54) .02
Doing the surveys helped meto think about keeping track of my drinking and spending 14 (54) 17 (55) .94
Doing the surveys hel ped me to think about having a safer night 14 (54) 12 (39) .26
Doing the surveys didn’t interrupt my night too much 19 (73) 15 (48) .06
| didn’'t want friends to know that | was doing the surveys 0(0) 0(0) —
The surveys were too long 6(23) 4(13) 31
Doing the surveys made me want to drink more 1(4) 1(3) .90
Brief intervention message-related statements
The messages that | received were useful 18 (69) N/AC N/A
The messages that | received were relevant 23 (88) N/A N/A
| shared the message with my friends during the night 19 (73) N/A N/A
Receiving the messages helped me to keep track of my drinking and spending 15 (58) N/A N/A

3EMI: ecological momentary intervention.
PEMA: ecol ogical momentary assessment.
°N/A: not applicable.

Table5. Participants' experience of technical difficulty by the study group trial arm: counts (%) and P values from chi-square inferential tests.

Technical difficulty type EMI2(n=25), n (%) EMAP (n=26), n (%) P vaue
| tried to sign up for anight but nothing happened at all 13(52) 14 (54) .90

| signed up for anight and got a message back to say | registered, but didn’t receiveany 11 (44) 11 (42) .61
surveys

| signed up for anight but didn’t receive all surveys 13 (52) 9(35) .30

| opted out of the surveys during the night but kept getting surveys through the night 1(4) 18 (69) <.001

| had atechnical issue actually filling in a survey 9 (36) 1(4) .01

| received multiple reminders in one day to sign up for the surveys 15 (60) 15 (58) .26
The surveys wouldn't display properly on my phone 4 (16) 0(0) .07

| was supposed to get feedback messages but they didn’t come through 5(20) N/A N/A

3EMI: ecological momentary intervention.
PEMA: ecol ogical momentary assessment.
°N/A: not applicable.

Discussion

Principal Findings

We tested a novel method to collect data and intervene
repeatedly during drinking events. No statistically significant
differences in peak RSOD or related harms were detected
between the groups. Based on previous EMI and mobile
phone-delivered Bl studies [10,22,23,41,42], we expected to
demonstrate asmall but significant effect of our EMI on RSOD
compared with our control group. Our development study

http://mhealth.jmir.org/2018/7/e149/
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suggested that our method was acceptable and feasible to
participants and demonstrated high levels of engagement and
low dropout rate when tested on asingle occasion. Thisstudy’s
finding may be aresult of low statistical power, meaning alarger
sample is needed in future research to test the effects of our
intervention.

Alternative explanations for our null findings may relate to our
preselection of heavy drinkers and the potential for regression
to the mean [43,44]. The greatest reductionsin peak RSOD and
alcohol-related harms compared with the no-contact group were
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observed in the assessment-only group (EMA). Based on
previous EMA acohol studies[7,12] we hypothesized that no
reactivity would be observed in this group; however, it is
plausible that questions about goal setting and planning in the
first questionnaire per night had someintervention effect. These
additional questions (recommended by participants in the
co-design study for the purpose of message tailoring) require
reflection and planning, such as in motivational interviewing
therapies[28]. It is possible that responding to these questions
could modify RSOD; if thisisthe case, then it is unknown why
the EMA might be more effective without Bl messages. The
cause could be the specific content of our messages or that Bls
wereunhel pful in changing alcohol consumption behavior when
delivered during drinking events. The latter explanation might
be particularly relevant to heavy drinkers; previous research
has shown that this population showsincreased attentional biases
that arethought to promote motivationsfor alcohol consumption
and are resistant to manipulation [45-48]. Thus, research that
extends the parameters of our study is needed to assess the
effectsof EMA and EMI on RSOD, which isimportant to clarify
because if this type of EMA is shown to be effective for
changing behavior without BI, then it representsalessintensive
and more scalable intervention option, given the complexities
involved with effective and acceptable message tailoring. In
addition, more participants consented to participatein the EMA
than the EMI group, suggesting that the feedback aspect of the
EMI was appealing. The EMA group, however, evaluated the
guestionnaires|essfavorably than the EMI group and was more
likely to drop out of the study between baseline and follow-up,
suggesting that the Bl messages kept parti cipants more engaged
in the intervention.

Overdll, our study had lower uptake than we expected, with
only 101 participants consenting to participate once they had
received thefull study information. Our EMI design did require
more engagement than previous studies in this area, similar to
that by Riordan et al [22,23]; however, we found that only a
small proportion of those declining to participate cited study
design factors, such asintensiveness and burden, astheir reason
for refusal (8/81). A far higher proportion reported that they
were busy with work or study, not drinking much, or were
experiencing research fatigue. From an implementation
perspective, there are several other factors, which we believe
were important in the small sample size obtained. There was a
delay between the YAAS interviews and the RCT information
being sent to participants due to the longer time taken to test

Wright et a

our texting system, and this may have dulled participants
enthusiasm. We also found it difficult to clearly and concisely
present all information relating to the study in aformat that al so
fulfilled the requirements of the ethics committee. Despite our
use of diagrams, the description of procedures seemed overly
complex, and we found that when we had the chance to explain
the study verbally (in telephone calls to remind/follow-up
participants), participants were moreinclined to consent. Thus,
visual and verbal descriptions of study procedures might be
more suitable for complex interventions such as this, where
participants are not engaged in-person at any point.

Although this study’s findings were inconclusive, it informed
new avenues of investigation for further study into the effects
of EMA and BI for reducing a cohol consumption.

Limitations

This study has several limitations. First, we were unable to
recruit the planned sampl e size; refusal data showed that amajor
reason was research fatigue due to participants prior
engagement with the YAAS cohort study. During the
recruitment process, few potential participants reported refusal
reasons related to intervention intensity or lack of interest;
however, the differential recruitment rate between groups
suggests that either the intervention lacked appeal or that the
study information provided during the consent process was not
clear or smple enough. Nonethel ess, these findingswill inform
our future approachesto testing event-level data collection and
interventions. Second, challengesrelated to technical difficulties
interfered with the implementation of the EMA questionnaires
and feedback messages. Thus, further refinement and testing
will be undertaken. Finally, the study relied on self-reported
data, which has the potential for reporting bias.

Conclusions

In conclusion, our study showed no significant differences in
peak RSOD, other alcohol consumption measures, or
alcohol-rel ated harms between groups of young adultsreceiving
repeated EMAsand EMIs, EMAsalone, or no contact. However,
small sample sizesmeant that only substantial differencescould
have reached significance. Our study highlights important
considerations for implementing interventions of this type in
larger studies. It aso identifies directions for further
investigation into the effects of EMAs and EMIs on young
adults who report heavy acohol consumption, including the
possibility of reactivity to EMAS.
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Abstract

Background: Limited evidence exists on the value for money of mHealth information programs in low resource settings.

Objective: This study sought to model the incremental cost-effectiveness of gradually scaling up text messaging services to
pregnant women throughout Gauteng province, South Africafrom 2012 to 2017.

Methods: Data collection occurred as part of a retrospective study in 6 health centers in Gauteng province. Stage-based short
message service (SMS) text messages on maternal health were sent to pregnant women twice per week during pregnancy and
continued until the infant’sfirst birthday. Program costs, incremental coststo users, and the health system costs for these women
were measured along with changes in the utilization of antenatal care visits and childhood immunizations and compared with
those from a control group of pregnant women who received no SMS text messages. Incremental changes in utilization were
entered into the Lives Saved Tool and used to forecast lives saved and disability adjusted life years (DALY s) averted by scaling
up program activities over 5 years to reach 60% of pregnant women across Gauteng province. Uncertainty was characterized
using one-way and probabilistic uncertainty analyses.

Results: Five-year program costs were estimated to be US $1.2 million, 17% of which were incurred by costs on program
development and 31% on SM S text message delivery costs. Coststo users were US $1.66 to attend clinic-based services, nearly
90% of which was attributed to wages lost. Costs to the health system included provider time costs to register users (US $0.08)
and to provide antenatal care (US $4.36) and postnatal care (US $3.08) services. Incremental costs per DALY averted from a
societal perspective ranged from US $1985 in thefirst year of implementation to US $200 in the 5th year. At awillingness-to-pay
threshold of US $2000, the project had a 40% probability of being cost-effective in year 1 versus 100% in all years thereafter.

Conclusions:  Study findings suggest that delivering SMS text messages on maternal health information to pregnant and
postpartum women may be a cost-effective strategy for bolstering antenatal care and childhood immuni zations, even at very small
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margins of coverage increases. Primary data obtained prospectively as part of more rigorous study designs are needed to validate

modeled results.

(JMIR Mhealth Uhealth 2018;6(7):€153) doi:10.2196/mheslth.8185

KEYWORDS
mHealth; cost effectiveness; cost utility analysis; digital health

Introduction

The use of mobile and wirelesstechnology for health (mHealth)
[1] has the potential to address critical gaps in timely and
appropriate care-seeking across the continuum of care from
pregnancy to postpartum [2]. mHealth solutions that target
pregnant women have been shown to increase the utilization of
antenatal care (ANC), skilled birth attendance (SBA), and
childhood immunization rates[3]. While the program strategies
and types of mHealth solutions have varied, delivery of health
information content to pregnant women using short message
service (SMS) text messaging has been effective in bolstering
service utilization in several settings.

In Zanzibar and Malawi, maternal SMS text messaging
initiatives have demonstrated a significant effect on the
utilization of health services and health outcomes. In Zanzibar,
the Wired Mothers Program provided unidirectional SMS text
messaging and direct two-way communication using afree call
voucher system to provide remindersfor ANC visits; gestational
age-specific reproductive, maternal, newborn, and child health
(RMNCH) information; and an emergency medical response
system. Program activities were associated with an increase in
24 ANCvisits (OR 2.39, 95% Cl 1.03-5.55) [4], in SBA among
urban women (OR 5.73, 95% ClI, 1.51-21.81) [5], and reduced
perinatal mortality (OR 0.50, 95% CI 0.27-0.90) [6]. In Malawi,
the Chipatala Cha Pa Foni program used a toll-free hotline to
provide health information and advice, as well as tips and
reminders through SM S text messaging tailored to the client’s
week of pregnancy or child's age. Program activities were
associated with improved RMNCH knowledge and behavior
including increased utilization of ANC within thefirst trimester,
increased bed-net use for pregnant women and children, and
breastfeeding within 1 hour of birth [7].

Beyond these programs, the Mobile Alliance for Materna
Action (MAMA) program has provided stage-based maternal
health information using SM S text messaging in Bangladesh,
India, Nigeria, and South Africa and has supported content to
projects in 54 countries globaly. With the exception of
formative findings from activities in Bangladesh [8], evidence
on the effectiveness of MAMA is limited. Findings from a
retrospective case-control study in South Africa suggest a
significant increase in the uptake of >4 ANC visits (Adjusted
OR 3.21, 95% CI 1.73-5.98) and comprehensive care, defined
as=4 ANC visitsand receiving all vaccinationsat 1 year of age
(Adjusted OR 3.2, 95% Cl 1.63-6.31) [9,10].

The emergence of data suggesting that stage-based SMS text
messages on maternal health information may yield
improvementsin utilization across the continuum of care, from
pregnancy, delivery to postpartum, ispromising [4-6]. Yet, little

http://mhealth.jmir.org/2018/7/e153/

is known about the value for money of maternal SMS text
messaging initiatives. Cost-effectiveness analyses (CEAS) aim
to generate evidence on the costs and consequences of 2 or more
alternatives [11]. CEAs may be used in conjunction with
affordability analyses for informed decision-making on the
appropriate and optimal allocation of finite resources [11]. In
the context of digital health programs, the costs required to
establish and support the technological components of the
program, including architecture, SM S text messaging delivery,
device, and other costs, when coupled with the rapid pace of
technology turnover, raise questions about the long-term
viability and value of theseinitiatives compared with alternative
resource USes.

To complement effortsto determine the effectiveness of MAMA
in South Africa, we model ed theincremental cost-effectiveness
of gradually scaling up SM Stext messaging servicesto pregnant
women throughout Gauteng province, South Africafrom 2012
to 2017. Thismodel-based analysisis anticipated to provide an
early estimate of the cost-effectiveness of MAMA and inform
future efforts to prospectively monitor costs and conseguences
of maternal SMS text messaging programs in low- and
middle-income countries.

Methods

Setting

In South Africa, 1 in 24 children die before their 5™ birthday;
25% due to undernutrition, 25% in the first 28 days of life, and
>50% outside of theformal health sector [12]. South Africahas
the greatest number of HIV cases globally, and an estimated
32% of maternal deaths are attributed to HIV [13]. With a
population of 13.5 million, Gauteng is South Africa’'s most
populous province and comprises 24% of the country’s total
population [14]. An estimated 29% of the pregnant women in
the study areaand 12% of the total population in Gauteng were
HIV+ [15]. In 2015, HIV and tuberculosis (TB) accounted for
24% of deathsamong women and 27% among men 25-64 years
of age [16]. In addition to the high burden of HIV and TB,
noncommunicable diseases (NCDs) remain a leading cause of
mortality and were the cause of over 80% of all deathsin 2015
[16]. Whilethe utilization of care during pregnancy isuniversal,
institutional births are high (97% in 2008-2009) [17], 86% of
women receive postnatal care (PNC) in the clinic within 6 days
of birth[16], and nearly all children under 1 year of agereceive
full immunizations [16], significant gaps persist in the
timeliness, continuity, and quality of care. During pregnancy,
only 49% of women attend their first ANC clinic prior to 20
weeks [16]. HIV testing coverage is the lowest in the country,
and at 23%, fals well below the national average of 32%.
Finally, timely diagnosis and appropriate management for
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hypertension (prevalence of 36% in 2012) and other risk factors
for NCDs remain poor.

Program Description

The MAMA program was initiated in 2012 in South Africato
bolster the utilization of RMNCH services among pregnant and
postpartum women by sending registered users stage-based
SMSS text messages twice per week during pregnancy and up
to the infant's first birthday [9]. Women attending ANC
(n=5111) and PNC (n=4953) servicesin 6 health facilitiesfrom
June 15, 2012 to August 19, 2014 were registered to receive
bi-weekly MAMA SMS text messages during pregnancy and
up to the child's first birthday. Content included information
on maternal and postpartum danger signs, nutrition, and
care-seeking during pregnancy, delivery, and postpartum. To
approximate enrollment trends among pregnant women at scale
across Gauteng, we projected the number of registered users
based on the monthly trends observed during the MAMA
implementation. By year 5, program activities were projected
to expand to include the enrollment of an estimated 60% of all
pregnant women in Gauteng.

Study Design and Sampling

Data on costs and effects were collected during exit interviews
with women attending ANC services in 6 clinics in
Johannesburg as part of a retrospective case-control study
performed from October 2014 to June 2015. Among 608 eligible
women, 356 appeared for requested face-to-face interviews. Of
these women, 181 had been all ocated to the intervention group
and 175 to the comparison group (Multimedia appendix 1).
Despite completing exit interviews, significant gaps in the
recording of health information on health cards existed, and
reliance, where possible, was based on patients recall of
servicesreceived. Final analyseswere performed on 87 women
enrolled during pregnancy to receive MAMA messages and 90
women enrolled into the comparison arm. Women with
incomplete data records, those who did not show up for
follow-up interviews, or whowereenrolled into MAMA during
the postpartum period were excluded from the final analyses.

Health Effects

Primary outcome measures assessed as part of the retrospective
case-control study included attendance rates for ANC visits 1
through 4 and immunization rates at birth, 6, 10, 14 weeks, and
9 months after birth. We have also presented estimates of the
proportion of children fully immunized and those who received
comprehensive care (defined as at least 4 ANC visits[ANCA4+]
and full immunizations). Despite datalimitations, findingsfrom
the retrospective case-control study suggested that women
exposed to SMS text messages were more likely to attend at
least the recommended 4 ANC visits (OR 3.21, 95% ClI
1.73-5.98) and complete comprehensive care, (OR 3.2, 95% Cl
1.63-6.31) than women not exposed [10]. Rates for individual
immunizations were also observed to increase by 1%-6%.
However, the high baseline rates of utilization coupled with the
small number of study participantswith complete dataindicated
that the study was not powered to detect whether these trends
weresignificant. Neverthel ess, the trends observed were entered
into the Lives Saved Tool (LiST) [18] to generate an estimate
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of lives saved through project activities for each year of
implementation and adjusted for increases in the number of
registered users over the 5-year analytic time horizon. Lives
saved were trandlated into DALYs averted based on a 3%
discount rate, no age weighting, and using alife expectancy of
66 years for a South African woman [19].

Costs

For this model-based analysis, economic costs were estimated
fromasocietal perspectiveinclusive of program, health systems,
and user costs for a 5-year analytic time horizon (2012-2017).
Program costs were defined as the costs required to develop,
start-up, and support ongoing implementation. These were
captured using an ingredients approach based on program
activities, drawing from financia records and informant
interviews with project implementing partners (Wits RHI,
Cdll-Life, and Pragkelt Foundation), and through observations
of health careworkers providing routine ANC and PNC services
within facilities. Costs were further categorized into capital
(costs with a life expectancy of >1 year) and recurrent costs,
with the former annualized over the lifetime of the project or
life span of the item as appropriate and discounted at 3%.
Devel opment and start-up phase costs were viewed as one-time
activities and similarly annualized over the lifetime of the
project.

Incremental costs to the health system sought to capture costs
associated with registration and increases in utilization. These
included provider time costs to register patients into MAMA,
aswell asto provideroutine clinical services during pregnancy
and postpartum, including immunizations. These costs were
estimated based on informant interviews, with provider salaries
drawn from PayScale.com, an online salary, benefits, and
compensation information company, and verified by the human
resources department of Wits RHI.

Coststo usersincluded all out-of-pocket paymentsincurred for
care or treatment-seeking, including direct costs associated with
medical care (consultation fees, medicine/commodity costs) as
well as costs for transport/treatment-seeking and indirect costs
dueto wages|ost resulting from time spent seeking care or away
fromincome-generating activities. These were measured through
patient interviews in intervention and comparison arms and
generalized to the sample population as rollout occurred.

Data Analysis

Costs were adjusted to 2015 USD dollars using consumer price
indices [20] and aforeign exchange rate of 15.40 [21]. Capital
costs were annualized using a 3% discount rate and estimates
of local life expectancies. Health effects were analyzed using
bivariate and multivariable logistic regression. Parameter costs
and effects were adjusted to the projected sample population
for each of the 5 years of implementation. Incremental costs
were divided by incremental health effects to generate a
deterministic estimate of theincremental cost-effectivenessratio
(ICER), expressed as a cost per life saved and cost per DALY
averted. To test for uncertainty, one-way and probabilistic
sensitivity analyses were conducted. The latter was performed
in Microsoft Excel using a Monte Carlo simulation with 1000
iterations per analysis. The resulting mean point estimate was
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obtained by dividing mean costs by mean effects. The 95% CI
for the ICER is presented based on percentiles. A
cost-effectiveness plane and cost-effectiveness acceptability
curvewere used to calculate the probability that theintervention
would be cost-effective for each of the several standard
thresholds of cost-effectiveness. Cost-effectiveness was
ultimately determined according to thresholds set forth by the
Commission for Macroeconomics and Health and World Health
Organization, which stipulate that an intervention is “highly
cost-effective” and “cost-effective” at 1 and 3 times,
respectively, the value of per capitagross domestic product per
DALY averted. To facilitate comparison with alternative
resource uses, we additionally compared findings against those
avalable in the literature, including the Disease Control
Priorities Project 39 edition, which highlights low-cost
high-priority interventions for key regions globally.

Results

Figure 1 presents data on the observed and forecasted enrolIment
trends over the 5-year analytic time horizon of the project. In
years 1 and 2, atotal of 2879 and 8161 women were enrolled
to receive MAMA messages, representing 1% and 3% of total
pregnancies in Gauteng, respectively. Extending this monthly
pattern of enrollment, we estimated a 10% monthly growth in
the number of usersregistered to the program. This corresponds
to atotal of 18,419 (6% of preghant women), 57,214 (19% of
pregnant women), and 179,562 (60% of pregnant women)
enrolled inyears 3, 4, and 5 of the program, respectively.

Table 1 presents program costs for implementation and
technology support for each year of the program. Years 1 and
2 reflect costs incurred by the program, whereas years 3-5

LeFevreet a

represent forecasted costs anticipated with the scale up of
implementation across Gauteng. Among key sub-categories of
costs, technology support costs comprised 63% of total program
costs, half of which was spent on SMS text message delivery
costs. The annual estimates of implementation support costs
were primarily attributed to the annualized estimates of
development costsincurred at the project’sinception to support
content development and localization and the development of
training materials. Overall, personnel costs comprised 18% of
annual costs, including 9% for program support staff and 9%
for technology support and management personnel.

Figure 2 presents data on trends in the total program cost per
registered user and per case of comprehensive care (=4 ANC
and full immunization). Multimedia Appendix 2 summarizes
year 5 parameter inputsfor the probabilistic sensitivity analyses
(similar tables are presented in Multimedia A ppendices 3-6 for
each of the first 4 years of the program). By year 5, out of
179,562 registered users across Gauteng, 95% of those exposed
to MAMA were estimated to have received all childhood
immunizations compared with 90% of non-MAMA users.
Similarly, 72% of those exposed to MAMA received >4 ANC
visits compared with only 46% in the comparison arm. A total
of 67% of MAMA users were estimated to receive
comprehensive care compared with 39% of non-MAMA users.
By inputting individual coverage datainto LiST, we estimated
that atotal of 182 (range, 109-199) liveswould be saved in the
year 5 of the program. Multimedia Appendix 7 presents data
on the number of individuals expected to attend =4 ANC visits
and have fully immunized children and the total number of
comprehensive care users by year 5 of the program along with
corresponding estimates of thelives saved and DALY s averted.

Figure 1. Observed and forecasted enrollment trends over 5 years: July 2012-June 2017. Total users denote women registered to receive MAMA
messaging while comprehensive care refers to the subpopul ation that attended all recommended antenatal care 1 to 4 visitsand had children that received

the fully package of immunizations.
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Table 1. Forecasted 5-year costsin 2015 US $ for gradua rollout in Gauteng province, South Africa.

Category Total program Total program Forecasted, Forecasted, Forecasted, Total cost over 5
cost, July 2012to  cost, July 2013to  July 2014to July 2015to July 2016to years (% of total cost)
June 2013 June 2014 June 2015 June 2016 June 2017

Implementation support

Development 37,353.42 38,474.03 39,628.25 39,628.25 42,041.61 197,125.55 (17)
Start-up 17,765.76 18,298.74 18,847.70 18,847.70 19,995.52 93,755.41 (8)
Training 149.73 — 73.86 — 80.51 304.10 (0)
Personnel 18,375.80 18,798.00 19,630.41 20,514.67 21,398.94 98,717.82 (8)
Buildings 5974.80 5644.53 5894.48 6160.00 6425.52 30,099.33 (3)
Transport 3223.16 3044.99 3179.83 3323.06 3466.30 16,237.34 (1)
Communication 537.19 507.50 529.97 553.84 577.72 2706.22 (0)
Subtotal implementation support  83,379.87 84,767.78 86,081.31 89,027.53 93,986.12 437,242.60 (37)

Technology costs

Start-up/devel opment 129.89 129.89 137.03 144.08 158.74 699.63 (0)
Content maintenance 10,478.75 12,876.98 9167.21 9442.22 9725.49 51,690.64 (4)
Technology maintenance 8279.94 36,864.04 18,509.92 19,333.07 20,156.87 103,143.84 (9)
Project management/personnel  25,697.90 30,970.64 15,588.69 16,625.15 17,709.78 106,592.15 (9)
Monitoring and evaluation 1842.36 1961.43 108.72 111.99 115.34 4139.84 (0)
Building/overhead 10,073.21 13,088.45 12,225.42 12,765.21 13,305.66 61,457.94 (5)
Travel 11,353.19 8606.91 3100.02 3237.30 3374.71 29,672.13 (3)
SM S text message delivery 5384.11 9857.96 23,233.68 75,421.98 246,909.46  360,807.20 (31)
SMS text message translation 1736.80 1855.87 1855.87 1855.87 1855.87 9160.28 (1)
Printing 4726.26 — — — — 4726.26 (0)
Subtotal technology 79,702.40 116,212.16 83,926.55 138,936.88  313,311.93  732,089.92 (63)
Total 163,082.27 200,979.94 170,007.86 227,964.40 407,298.04 1,169,332.51 (100)

Figure 2. 5-year trendsin the total program cost per registered user and per case of comprehensive care (CC) received among MAMA users over 60

months.
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Estimates of service utilization were used to forecast the costs
to the health system associ ated with registering pregnant women
to MAMA as well as treating additional cases (Multimedia
Appendix 2). Assuming a 3-minute registration time, provider
costs to register each woman were estimated to be US $0.08
(range of $0.04-0.11), while ANC counseling service delivery
costs were estimated to be US $1.28 for ANC 1 and US $1.03
for each of the remaining ANC 2-4 visits. PNC was estimated
to cost US $1.03 for PNC 1 and US $0.51 for each of the
remaining 5 visits. Adjusting for differentials in utilization
across study arms, total ANC 4+ and PNC 5+ costs were
$1,101,947 in the MAMA study arm and $857,070 in the
comparison arm.

Mean costs to users for attending ANC and PNC were drawn
from structured interviews and included food, wageslost, child
care, and transport costs (Multimedia Appendix 2). The mean
cost per visit was $1.66 for ANC and $1.48 for PNC. Thelargest
proportion of costswere attributed to wages|ost (90%), followed
by transportation (5%), child care (4%), and food (1%).
Multimedia Appendix 3 summarizes data on costs and
consequences for years 1-5 by study arm. Deterministic
estimates of the incremental cost per live saved from a societal
perspective ranged from US $56,011 in year 1 to US $5652 in
year 5. Estimates of the cost per DALY averted similarly

LeFevreet a

declined from US $1985 in year 1 to US $200 in year 5.
Probabilistic estimates mirror this pattern.

Figure 3 presents the cost-effectiveness plane for each year, 1
through 5, whereas Figure 4 depicts incrementa
cost-effectiveness acceptability curves for each year of
implementation. The cost per DALY averted falls beneath the
2015 Gross National Income (GNI) for South Africa of US
$6080 for each of the 5 years of implementation. At a lower
willingness-to-pay threshold of $250, the probability of
achieving cost-effectiveness ranges from 0% in year 1 to 64%
inyear 5.

Using the South Africa's Gross National Income per capitafor
2015 of US$6080 as the threshold, program activities have a
100% probability of being cost-effective. At lower
willingness-to-pay thresholds, the probability of MAMA being
cost-effective increases over time as the number of users
increases along with anticipated health effects.

To compliment probabilistic sensitivity analyses, we also
conducted one-way sensitivity analyses to identify key drivers
of the incremental cost per DALY averted (Figure 5). The
leading driver of incremental cost-effectiveness is the number
of lives saved and corresponding number of DALY's averted,
followed by programmatic costs associated with SMS text
message delivery costs.

Figure 3. Cost effectiveness plane of years 1-5 of MAMA implementation vs. Status quo in Gauteng, South Africa. Individual dots represent the
incremental costs and incremental disability adjusted life years (DALY s) averted for each of 1,000 simulations conducted by year of implementation.
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Figure4. Incremental cost effectiveness acceptability curve of years 1-5 of MAMA implementation vs status quo in Gauteng, South Africa. Using the
South Africa’s gross national income (GNI) per capitafor 2015 of US $6,080 as the threshold, program activities have a 100% probability of being cost
effective. At lower willingness pay thresholds, the probability of MAMA being cost effective increases over time as the number of usersincreases along

with anticipated health effects. DALY: Disability adjusted life years.
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Discussion

Summary of Key Findings

Study findings modeling the incremental cost-effectiveness of
exposureto SM Stext messages during delivery and postpartum
on care-seeking and childhood immunizations suggest that the
cost per DALY averted ranges from US $1985 in year 1 when
only 1% of pregnant women are registered to US $200 in year
5 when 60% of pregnant women are included. Societal coststo

implement MAMA in the 5 year of implementation were
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estimated to be US $3.6 million dollars, 59% of which represent
costs borne by usersto seek carefor ANC and PNC, 30% costs
to the health system, and 11% program costs. When considered
against a status quo comparator, the incremental annual cost to
implement MAMA at 60% coverageis US $1.03 million.

To estimate the health effects of SM S text messaging exposure,
we drew from sample data on changes in the utilization of
services among MAMA users and nearby non-MAMA-using
mother-infant pairs for ANC and childhood immunizations up
to 9 months. Less than 100 complete records were available in
each study arm. When coupled with the existing high rates of
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service utilization, it meant that we were not powered to measure
changes in the utilizations rates for individual vaccines.
However, we were powered to measure observed changes in
the utilization for ANC and comprehensive care (defined as
ANC 1-4 and full immunizations). Based on available data,
1%-4% increases in immunization rates were observed by
vaccinetypeaongwithal4%increaseinal 4 ANCvisits. The
latter finding is consistent with changes in coverage observed
in Zanzibar as part of the Wired Mothers Program [4] and with
emerging findings from the mCare project in Bangladesh.
However, it is noteworthy that the overall utilization of ANC
ishigher in South Africathan elsewherein theregion, including
Zanzibar; thus, it is feasible that we have overestimated health
effects. Efforts to account for this were made through one-way
and probabilistic sensitivity analyses, which sought to explore
the effects of changing individual parameters, including
coverage, on overall cost-effectiveness.

In the 2 years since the MAMA program ended, the National
Department of Health (NDOH) has developed and rapidly scaled
amaternal SM Stext messaging program called “MomConnect,”
which is based on MAMA but with less specific messages on
the prevention of mother-to-child transmission of HIV. Like
MAMA, MomConnect registers pregnancies and links expectant
mothersto gestation age-specific pregnancy information, while
also providing access to a help desk for reporting compliments
or complaints on service delivery. Since its inception,
MomConnect has grown to become one of the largest mHealth
initiatives globally, registering >1 million pregnant women in
>95% (3300) of health facilitiesin South Africatoreceive SMS
text messages on maternal health information [22]. While data
on the cost-effectiveness of MomConnect are not available,
trends in the number of registered usersin this analysis mirror
those attained. With many of the technology partners
overlapping, it is feasible that costs and value for money
estimates will be similar.

Elsewhere, data on the value for money of digital health
programs are slowly emerging. However, to our knowledge,
thisisthefirst study to provide evidence on the value for money
of maternal SMS text messaging programs. To date, a dozen
peer-reviewed papers comprise the body of evidence on the
value for money of mHealth solutions, including CEAs (6
studies) [23-26], cost-utility analyses (2 studies) [27,28], and
cost-benefit analyses (4 studies) [29-32]. The distribution of
digital health application types include 4 studies focused on
client education and behavior change communication, 2 on
electronic decision support, 2 on provider training and education,
2 on sensors and point-of-care diagnostics, and one on
provider-to-provider communication [33]. Across disease aress,
42% of studies focus on general health, 25% on infectious
diseases, 25% on chronic diseases, and 8% on women's health
[33]. Efforts to compare these studies with MAMA are
challenging, given the differences in the outcome measures
used. None of the identified CEAS report outcome metrics in
units comparable (eg, lives saved) to those reported here, and
only one of the 2 cost-utility analyses used DALYs as the
outcome measure. Where the latter is concerned, a 2012
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cost-utility analysis of a tuberculosis control strategy in
Thailand, wherein patients received daily SMS text messages
from a village health volunteer reminding them to take their
medication, was associated with a median ICER of 350
international dollars (or US $4270) per DALY averted [27].
However, the uncertainty ranges around the health gain in
DALYs were wide and crossed zero, suggesting that no
distinction could be made in cost-effectiveness between mobile
phone reminders and the comparator [27]. Findingsfrom a2013
cost-utility analysis of telemedicine to screen for diabetic
retinopathy in India reported that screening once in a lifetime
(US $2692 per Quality Adjusted Life Year, QALY, gained),
twicein alifetime (US $2475 per QALY gained), and every 5
years (US $3134 per QALY gained) were cost-effective using
the WHO threshold recommendations [28]. However, annual
screenings and/or those every 3 years did not fall below the
threshold for cost-effectiveness [28]. Collective consideration
of thisbody of evidence, in conjunction with our study findings,
suggests that mobile SMS text messaging interventions for
maternal health may compare favorably with the handful of
other cost-effectiveness studies of mHealth interventions
emerging from lower- and middle-income countries.

Limitations

From the outset, we sought to base thisanalysison primary data
and focus only on the 2-year analytic time horizon of the
program. However, primary data collection efforts were
hampered by challenges in patient recruitment and data
compl eteness. Whilewe sought to obtain data on immunizations
from the paper-based booklets provided by NDOH to mothers
and completed by health workers at thetime of service delivery,
in practice, significant gaps in the compl eteness and quality of
record keeping meant that a large proportion of interviewed
participants were excluded from the final analyses. In shifting
to amodel-based analysis, we sought not only to morerigorously
capture uncertainty but also consider theimplications of service
delivery at scale. Except for variable costs associated with SMS
text message delivery, much of the technological costs
associated with the MAMA program activities were fixed,
irrespective of the scale of implementation. That said, our
findings clearly suggest that greater value for money is attained
with increasing scale. We hope that further analyses drawing
from primary data of maternal SMS text messaging at scale
through MomConnect and other initiatives will confirm this.

Conclusions

Thisisafirst of itskind study to provide an evidence-informed
model of the value for money of maternal SM S text messaging
programs. Study findings suggest that SM'S text messages to
pregnant and postpartum women are cost-effective, according
to the GNI per capita thresholds for South Africa
Cogt-effectiveness improves with scale. Further efforts are
needed to determine the value for money of maternal SM S text
messaging under more robust study designs and in differing
settings where technological (network coverage and access to
mobile phones), epidemiological, and health systems profiles
may differ.
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Abstract

Background: In 2017, the Supreme Court of Indiaruled that privacy is afundamental right of every citizen. Although mobile
phone apps have the potential to help people with noncommunicable diseases, such as diabetes and mental illness, they often
contain complex privacy policies, which consumers may not understand. This complexity may impede the ability of consumers
to make decisions regarding privacy, acritical issue due to the stigma of menta illness.

Objective: Our aobjective isto determine whether mental health apps have more complex privacy policies than diabetes apps.

Methods: The study used privacy policies extracted from apps. The apps pertained to diabetes or mental health, and were all
of Indian origin. Privacy policy reading complexity was compared between the two types of apps using a series of 15 readability
measures. The universe of applicable apps on the Google Play store, as viewed between May and June 2017, was considered.
The measures of readability were compared using chi-square tests.

Results: No significant difference was found between the privacy policy readability of the diabetes apps versus the mental
health apps for each of the measures considered. The mean Flesch-Kincaid Grade Level was 13.9 for diabetes apps and 13.6 for
mental health apps; therefore, the mean policy grade level for both types of apps was written at a college level. Privacy policies
in the 25th percentile of complexity were also written at a college level for both types of apps.

Conclusions: Privacy policy complexity may be abarrier for informed decision making.

(JMIR Mhealth Uhealth 2018;6(7):€158) doi:10.2196/mhealth.9871

KEYWORDS
apps, privacy; ethics, mobile phone

Introduction

The Supreme Court of India's August 2017 ruling that privacy
isafundamental right of every citizen underscores the need for
greater attention to privacy rights in all contexts of Indian
society [1]. Indians' rights to privacy are only truly protected
if Indians are able to make conscious decisions about their
privacy-related decisions in all contexts, including while
surrendering rightsin the process of agreeing to privacy policies.
The issue of privacy is especially important for mHealth apps,
which are showing strong potential for addressing
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noncommunicable disease in devel oping nations such as India
[2]. Although more than 40% of Americans believe that mental
illness is similar to physical illness, less than 20% of Indians
agree with this sentiment [3]. Dueto this attitudinal difference,
it is possible that there is a greater distinction between the
privacy policiesof appsfor mental health versus physical health
in Indiathan in the United States.

Although privacy isan important issue for all users of mHealth
apps, regardless of condition or location, in 2013, India lost
more than 30 million disability-adjusted life years (DALYs) to
mental, neurological, and substance abuse disorders—a 61%
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increase over the quantity in 1990. By comparison, all developed
countries combined lost 50 million DALYs [4].
Noncommunicable physical illnesses are also afflicting a
substantial number of Indians. Indiahas been named the diabetes
capital of the world [5]. It had a population of more than 72
million citizens with diabetesin 2017 and is projected to have
151 million citizens with diabetes in 2045 [6]. Given the
substantial and growing number of people experiencing mental
illness and diabeteswithin Indiaand the greater degree of stigma
associated with mental illnessin Indiathan in the United States
[3], the potential for users of both physical and mental health
appsto makeinformed privacy decisionsisimportant to assess.
Therecent declaration of afundamental right to privacy in India
has amplified theimportance of ng the potential difficulty
that users of Indian mHealth apps may have while attempting
to preserve their privacy.

Recent research has raised concerns that irrespective of health
benefits, there are inadequate privacy protectionswithin mobile
phone apps. One study examining the privacy policies of 211
diabetes apps noted that of those apps investigated, 81% did
not even offer a privacy policy [7]. Another study attempting
to examine the privacy policies of 72 dementia apps found that
more than 50% lacked a privacy policy [8]. Privacy policiesare
of central importance because the majority of health apps live
outside of the jurisdiction of national or federal health care
regulations, meaning that privacy of information collected by
a mobile phone app is not guaranteed in the same way as
information shared with a doctor [9]. The US Department of
Health and Human Services acknowledged the scope of this
problem in a recent report outlining the extent to which
consumers may be unaware of what data they are disclosing
when using health-related maobile phone apps, who is able to
access their data, and how their data may be sold or bartered
[10]. The recent misuse of personal data, including personality
profiles, inthe 2018 Facebook and Cambridge Analytica scandal
highlights the potential magnitude of harm resulting from
inappropriate access and the global nature of such risks [11].
Thus, health app privacy policies that consumers can access
and understand are necessary for consumers to protect their
privacy rights and control what happens to their personal data.

Even when a privacy policy is present, it may not be
comprehended by vulnerable consumers, such as those with
mental illnessesthat impair cognition[12,13]. Prior studieshave
characterized app privacy policies as being lengthy,
linguistically complex, and even absent [14,15]. They have been
shown to be difficult to read even for people pursuing agraduate
degree in law or policy [16]. Although it is already well
established that online privacy policies are challenging to read
[17-20], the problem is even more pronounced within apps; it
has been demonstrated that privacy policies are more difficult
to read on a mobile device than on a desktop [21]. One study
suggested that those with lower health literacy might misudge
privacy policies and falsely assume more protections are in
place than those who are more health literate [14]. However,
little research has been done to examine the reading level
required to understand mobile health app privacy policies. No
studies have examined whether the complexity of privacy
policies differs according to the condition apps are intended to
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address. Furthermore, although much of the prior research on
privacy policies has been conducted in the United States, there
are national differencesin privacy concerns, which reflect both
differences in culture and values [22]. Thus, in this study we
sought to characterize and compare the reading level of privacy
policies for Indian apps intended to address issues related to
diabetes and mental health.

Methods

Study Design and Data Sour ces

This study examined the complexity of privacy policies found
within Indian apps for issues related to diabetes and mental
health. The study used a novel dataset composed of privacy
policies extracted from apps found on the Google Play app store
for the Android operating system between May and June 2017
by a researcher based in India. Institutional Review Board
approval was unnecessary because the subject of the research
was software rather than people.

Sample Selection

The Google Play store was searched for Indian apps related to
diabetes and mental health. The apps returned by queries for
“Indian diabetes,” “Indian diabetic,” or “Indian diabetes help”
wereincluded in the set of diabetes apps. The apps returned by
queries for “Indian mental health,” “Indian anxiety,” “Indian
depression,” “Indian schizophrenia,” “Indian posttraumatic
stress disorder,” “Indian mood disorder,” “Indian cognitive
behavior therapy,” “Indian cognitive remediation,” “Indian
dialectical behavior therapy,” “Indian dementia” or “Indian
Alzheimer” wereincluded in the set of mental health apps. Apps
were excluded from the analysisif they were unrelated to hedlth,
despite containing health-related keywords, if they contained
keywords related to India, but were not of Indian origin, if they
lacked alink to aprivacy policy, if they contained abroken link
to aprivacy policy, if the privacy policy was not in English, or
if the privacy policy could not be copied for analysis. Privacy
policies not written in English could not be included because
structural differences in languages would make the readability
statistics not comparable.

Outcomes and Analyses

Apps were categorized according to whether they were
interactive, noninteractive, or related to e-commerce, and then
again categorized according to whether they were clinical,
nonclinical, or related to e-commerce. (The same apps were
placed in the e-commerce category under both categorizations.)
Interactive apps were defined as apps that facilitate two-way
discussions with a health expert (eg, doctors, therapists,
nutritionists), apps which facilitate group chats, and apps with
discussion forums. Appsinvolving interactions with supporting
staff (eg, receptionists/customer care executives for online
appointment booking) were categorized as noninteractive apps.
A subset of the interactive apps was categorized as clinical if
they involved interaction with a health expert; apps outside of
the subset were categorized as nonclinical if they were not
related to e-commerce.

Multiple metrics were used to evaluate the complexity of the
app privacy policies; word count, sentences per paragraph,
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words per sentence, characters per word, average number of
sentences per 100 words, average words with six or more
characters, average number of sentences per 100 words, Flesch
Reading Ease, Flesch-Kincaid Grade L evel, Gunning Fog Score,
SMOG Index, Coleman Liau Index, Automated Readability
Index, Fry Grade Level, and Raygor Estimate Graph Grade
Level. The mean, standard deviation, median, and interquartile
range were cal culated for each metric, separately for the diabetes
and mental health apps. Metrics for diabetes apps and mental
health appswere compared using t tests and Wilcoxon rank sum
tests to assess for significant differences in mean and median,
with P<.05 used asan indicator of significance. Chi-squaretests
were used to assess whether diabetes and mental health apps
were similarly distributed between the interactive,
noninteractive, and e-commerce categories, aswell as between
theclinical, nonclinical, and e-commerce categories, with P<.05
again used as an indicator of a significant association. All
statistical analyses were conducted using STATA software
version 13.

Results

AsisshowninFigurel, atotal of 267 potential Indian diabetes
apps were found by searching the Google Play store. Of these
apps, only 41 (15.4%) wereincluded after the various exclusions
were applied (nearly half the apps were unrelated to health
despite containing health-related keywords). A similar process,
shown in Figure 2, was applied to obtain the mental health app
privacy policies. A total of 623 appswerereturned by theinitial
searches of the Google Play store, but only 29 (4.7%) were
included in the study after the exclusion criteria were applied.
Of the total 70 apps included for analysis, eight apps (11%)
were common for both diabetes and mental health.

The readability metrics for the app privacy are presented in
Table 1. Therewere no significant differencesin the readability
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of the privacy policiesfor appsfor diabetesversus mental health.
Similar results were found after excluding the common apps
(n=8) from the analysis (data not shown). Overall, the metrics
suggest that privacy policies may be difficult for peopleto read.
A typical privacy policy is approximately aslong as an article
in an academic journal; a mean of 1875 words (SD 1448) for
diabetes appsand 2421 words (SD 2102) for mental health apps.
Although mental health app privacy policies had a higher mean
and median word count, the difference was not statistically
significant. Several of the metrics suggest that the privacy
policies require a high degree of reading comprehension. The
mean Flesch-Kincaid Grade Level for diabetes privacy policies
was 13.9, and the mean for mental health privacy policies was
13.6. Furthermore, the 25th percentile of theinterquartile range
was 12.7 for diabetes appsand 12.4 for mental health apps. This
suggests that understanding the majority of privacy policies
requires reading at a college level. The Fry Grade Levels
calculated—11.6 for diabetes apps and 12.4 for mental health
apps—helpstriangulate thisfinding. Although the mean Raygor
Estimate Graph Grade L evels were lower (6.9 for diabetes and
7.4 for mental health), they also suggest that at least a middle
school level of reading comprehension isrequired. In short, the
privacy policies found in Indian apps for diabetes and mental
health tend to be lengthy and difficult to read.

There were some differences in the nature of diabetes apps
versus mental health apps, as shown in in Table 2. The vast
majority of mental health apps (85%, 23/27) were interactive,
whereas only a slight majority (23/39, 59%) of diabetes apps
wereinteractive, asignificant difference (P=.04). Mental health
appswerelikewise morelikely to beclinical (82%) than diabetes
apps (61%), although the distribution of apps between the
clinical, nonclinical, and e-commerce categories was not
significantly associated with app type (P=.06).
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Figure 1. Selection of apps for diabetes.
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Figure 2. Selection of apps for mental health.
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Table 1. Readability statistics of privacy policies of diabetes and mental health mobile apps (N=70).

Readability metric Diabetes apps (n=41) Mental health apps (n=29) P value?

Word count
Mean (SD) 1874.5 (1447.9) 2420.5 (2101.7) 20
Median (IQR?) 1520 (733-2278) 1783 (1117-3049) 35
Range 111-6010 163-9424

Sentences per paragraph
Mean (SD) 2.9(1.9) 2.5(1.0) 29
Median (IQR) 2.6 (2.0-3.2) 2.2(2.0-2.7) 28
Range 1.4-12.8 13-6.7

Words per sentence
Mean (SD) 23.4(4.9) 22.8(5.2) .60
Median (IQR) 24.1 (21.4-26.9) 23.7 (20.6-25.2) 40
Range 11.7-32 8.5-37.5

Characters per word
Mean (SD) 5.1(0.2) 5.0(0.2) A7
Median (IQR) 5.1 (5.0-5.2) 5.1 (5.0-5.1) 54
Range 4.6-5.5 4.8-53

Average number of sentences per 100 wor ds®
Mean (SD) 5.9 (5.1) 4.8(0.9) 27
Median (IQR) 5(4.2-5.8) 4.7 (4.2-5.3) 34
Range 3.4-37 3071

Average wor ds with =6 character o
Mean (SD) 19.8 (2.5) 19.4 (2.5) 52
Median (IQR) 20 (18.0-22.0) 20 (17.5-21) 62
Range 14.0-26.0 14.0-23.0

Average number of sentences per 100 wor ds?
Mean (SD) 5.1(1.3) 4.8(0.9) 33
Median (IQR) 5.0 (4.2-5.8) 4.7 (4.2-5.3) 52
Range 34-7.7 3071

Flesch Reading Ease
Mean (SD) 35.1(8.8) 37.1(8.6) 36
Median (IQR) 36.5 (28.3-38.2) 37.3(31.3-42.5) 41
Range 18.5-50.6 21.9-55.0

Flesch-Kincaid Grade L evel
Mean (SD) 13.9(2.3) 13.6 (2.4) 50
Median (IQR) 14 (12.7-15.1) 14 (12.4-15.0) 51
Range 9.3-18 8.1-19

Gunning Fog Score
Mean (SD) 15.2 (2.2 15.4 (1.8) 72
Median (IQR) 15.0 (13.9-16.8) 15.3 (14.7-16.1) 55
Range 11.5-20 11.5-19-9
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Readability metric Diabetes apps (n=41) Mental health apps (n=29) P value®
SMOG Index
Mean (SD) 12.1(1.7) 12.1(1.3) .90
Median (IQR) 11.9(10.7-13.1) 12.2 (11.7-12.5) 66
Range 9.6-15.4 9.5-14.8
Coleman Liau Index
Mean (SD) 14.2 (0.8) 13.9(0.9) 18
Median (IQR) 14,5 (13.6-14.7) 14.2 (13.1-14.6) 17
Range 12.3-15.8 11.3-15.6
Automated Readability | ndex
Mean (SD) 13.4(2.8) 135(2.2) 86
Median (IQR) 13.3(11.5-14.9) 13.3(12.8-14.6) 85
Range 8.8-184 8.5-18.6
Fry Grade Level
Mean (SD) 11.6 (3.1) 12.4 (1.5) 20
Median (IQR) 12,0 (11.0-14.0) 13.0 (12.0-14.0) 36
Range 5.0-15.0 10.0-15.0
Raygor Estimate Graph Grade L evel
Mean (SD) 6.9 (1.2) 74(22) 25
Median (IQR) 7.0 (6.0-8.0) 7.0 (7.0-8.0) .70
Range 4.0-9.0 4.0-18.0
3P values are from using t tests of significance for the means and Wilcoxon rank sum tests for the medians.
by QR: interquartile range.
Fry word statistics.
dRaygor estimate word statistics.
Table 2. Characteristics of diabetes and mental health mobile apps by Indian developers.
Strata Diabetes apps, n (%) Mental health apps, n (%) P value?
I nteractivity .04
Interactive 23 (59.0) 23(85.2)
Noninteractive 6 (15.4) 3(11.1)
E-commerce 10 (25.6) 1(3.7)
Use case .06
Clinical 25 (61.0) 23(82.1)
Nonclinical 6 (14.6) 4(14.3)
E-commerce 10 (24.9) 1(3.6)

3P values are from chi-square tests of significance.

Discussion

Principal Findings

Although readability measures could be applied to any
English-language privacy policies, there are anumber of factors
that make Indiaarobust country to study. Because Indiaishome
to the world's second-largest population of English speakers
(after the United States) [23], the world's second-largest base
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of mobile phone users (after China) [24], and legally enforces
privacy rights [1], it has a well-developed market for
English-based mHealth apps containing privacy policies. Given
that the 2011 Census found that only 6% of the Indian
population has a college education [25], whereas 30% of United
States adults have a college education [26], the impact of privacy
policies written at a college level is even more acute in India
than in the United States. Furthermore, thereisagreat need for
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mHealth apps in India due to limited access to care in some
parts of the country [27].

Lengthy, complex app privacy policies are not as likely to be
read and understood as short, smple privacy policies. Depending
on the metric used, the majority of app privacy policies
evaluated may require acollege education to comprehend. These
findings are consistent with the prior finding by other
researchers, who determined that the average grade level of the
privacy policy of amobile health appisgrade 16 [15]. Asmobile
phones become more affordable to people of al incomes, the
problems posed by complex privacy policies will likely
intensify. In 2016, 25% of Indians had a mobile phone [28].
Among urban Indian mobile phone owners, the proportion who
were less educated and earned a low income expanded from
38% to 45% between 2013 and 2015 [29].

Many other materials presented to the Indian public online are
not this complex. Prior researchers have measured the
Flesch-Kincaid Grade Level of anumber of different websites
administered by the Indian government and found their grade
levels to be more moderate. For instance, the website of the
Indian Air Force was written at an 8.4 grade level, whereas the
website of the High Court of Bombay waswritten at a6.6 grade
level [30]. Although government-oriented websites may be
inherently less complex than privacy policies, they do
demonstrate that it is possible to convey information to the
masses in asimple format.

Privacy policies incomprehensible to the majority of users are
unfair because they do not allow users to make an informed
choice between their desire for privacy and their desire to
sacrifice some privacy to obtain the benefits of the app. Asthe
Flesch-Kincaid Grade Level metrics suggest that some college
education may be required to understand the privacy policies
of three-quarters of apps, the majority of Indian diabetes and
mental health app users are left with the choice between not
using the majority of apps or agreeing to privacy policies that
they may not fully understand. The potential for unfairnesswas
highlighted when the provider of public Wi-Fi services, Purple,
created a deliberately unreasonable privacy policy, requiring
usersto perform 1000 hours of community service on agreement
and offering anyone who read to theend aprizeif they contacted
them. Of the 22,000 people who agreed to the policy, only one
person contacted the company after having thoroughly read it
[31].

Recommendations

Privacy policies do not need to be incomprehensible. Complex
concepts can be explained graphically to make them more
accessible to people with limited reading comprehension. For
instance, Creative Commons has created a standardized set of
logos that indicate the rights that the authors of media have
reserved [32]. These logos can be understood at a glance by
peopleinformed of their meaning. A similar approach could be

Powell et &

appliedto privacy policiesif astandardized set of policies, with
associated logos, were created.

Furthermore, standardized licenseslikethe GNU General Public
License enable users to avoid the hassle of re-reading a long
document each time they agree to use software by providing
consistency across licenses [33]. Although users with lower
levels of reading comprehension may not be able to understand
standardized licenses, they too can benefit because more
educated users have thoroughly vetted the policies to ensure
that they are fair. When nonstandard policies are used, the
likelihood of them being read by anyone (regardless of ability)
islower than when standardized policies are used. Furthermore,
abstract concepts, such as deidentification and anonymization,
can be explained with graphical representations so that they
may be more widely understood. Finally, outreach efforts to
help educate and explain the risk and benefits of digital
technologies such as apps may be necessary to ensure
individuals are equipped to make informed decisionsregarding
use. Already, onlineresources for digital technology ethicsand
privacy are emerging, such as the free-to-access and use
Connected and Open Research Ethics Initiative [34].

Limitations

The results of this study reflect two categories of health apps,
from one country, from one app store, examined at one period
in time. It is possible that the findings from this study are not
generalizable to other types of apps, to other app stores (eg, the
iTunes App Store), or to apps that are not of Indian origin. Itis
also possible that the privacy policies of apps may evolve over
time. Furthermore, although apps addressing a broad selection
of mental illnesseswere analyzed, only apps addressing asingle
physical illness (diabetes) was analyzed. It was necessary to
analyze apps addressing multiple mental illnesses rather than a
single mental illness due to the relative paucity of apps
addressing each illness. Even after this accommodation, the
sample of appsrelated to mental health was substantially smaller
than the sample of diabetes apps. The findings of thisstudy may
have been impacted by the set of keywords used during the app
sample selection process. The 2017 actions of the Indian
Supreme Court [1], which occurred after the data collection for
this study was complete, may cause India-based app devel opers
to evaluate whether their privacy policies remain consistent
with the needs of Indian users and with Indian law.

Conclusions

Although no differences were found between the complexity
of the privacy policiesof Indian appsfor diabetesversus mental
health, both were found to be complex. Some of the measures
caculated suggested that a college level of reading
comprehension is required to understand the typical privacy
policy in an Indian app for diabetes or mental health. In order
to ensurethat the mgjority of India scitizensare ableto willfully
consent to privacy policieswhen using apps, an effort to smplify
privacy policiesis needed.
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Abstract

Background: Informal caregivers of older adults provide critical support for their loved ones but are subject to negative health
outcomes because of burden and stress. | nterventionsto provide information and resources aswell as social and emotional support
reduce burden. Mobile apps featuring access to information, assistance with scheduling, and other features can automate support
functions inexpensively and conveniently and reach a greater proportion of caregivers than otherwise possible.

Objective: The aim of this study was to identify mobile apps geared towards caregivers of older adults, catalog features, and
suggest best practices for adoption based on empirical findings of beneficial interventions in the caregiving literature.

Methods: Search for apps focused on ones catered for caregivers of older adults in Google Play and iTunes, compiling their
features, and identifying featuresreflecting categories of support identified in successful intervention studiesto negative caregiver
outcomes. Intervention research indicates that provision of information and resources, assistance in practical problem solving,
coordinating care among multiple caregivers, and emotional support reduce caregiver burden.

Results: Despite approximately over 200,000 mobile heath—related apps, the availability of mobile apps for caregivers is
relatively sparse (n=44 apps) as of October 2017. Apps generally addressed specific categories of support, including information
and resources, family communication, and caregiver-recipient interactions. Few apps were comprehensive. Only 8 out of 44
(18%) had features that addressed three or more categories. Few apps provided specific stress reduction exercises for caregivers,
which isimportant for reducing burden.

Conclusions: Mobile apps have the potential to provide resources, just-in-time information for problem-solving, and stress
reduction strategiesfor caregivers. Many apps offer functionsthat have been shown to reduce burden and improve health outcomes
in caregivers, but few provide emotiona support. Using an evidence-based practice approach, mobile apps for caregivers can
provide multiple beneficial support functions. Apps can serve amuch larger proportion of this highly underserved population in
their mobile form than more traditional means, improving their health and quality of life.

(JMIR Mhealth Uhealth 2018;6(7):€162) doi:10.2196/mheslth.9345

KEYWORDS
mobile apps; aged; elderly; caregivers; family caregivers; carers; adult children; quality of life; dementia

associated with the increase in longevity are the reduction of
acute diseases associated with mortality and therise in chronic
diseases as leading causes of disability, and death [1]. Indeed,
the majority of adults over 65 years of age have one or more

Introduction

Therapid increasein longevity and the post-World Wer |1 baby
boom have produced major demographi c changesin the United ‘ v J -
States. The number of adults over the age of 65 in the US is chromcgondﬂpnssuch asar.‘[hrltlsgr hypgrtens on. Importantly,
expected to be 89 million by 2050, more than doublethenumber  the quality of life also declines with an increasing number of

of older adults in the US in 2010 [1] Critical developments chronic conditions. The ablllty to perform Instrumental
Activities of Daily Living (IADL), such as grocery shopping
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or housework is likely to be affected by chronic disease. As
frailty increases, the ability to engage successfully in basic
Activities of Daily Living (ADL), such astoileting, feeding, or
bathing may also be compromised. This leads to a loss of
independence, and a greater reliance on othersfor assistancein
daily tasks [1]. Because the US health care system is designed
tofocuson acute care (treating curableillness), the responsibility
of managing more chronic or long-term conditions typically
fals upon family members, who have been called the
“backbone” of thistype of care[2].

According to the National Alliance for Caregiving (NAC) and
the American Association of Retired Persons (AARP)
Caregiving inthe US 2015 report [ 3], an estimated 34.2 million
adultsin the US provided unpaid care to an adult aged 50 years
or older in 2014. The majority of these caregiversprovided care
for arelative, with 49% caring for a parent or a parent-in-law
and 10% providing care for a spouse or partner. The top 3
reported reasonsfor carewere (1) old age, (2) Alzheimer disease
or another type of dementia, and (3) surgery or wounds. Family
caregivers spend, on average, 24.4 hours aweek providing care
for their loved ones, and this amount of timeis almost doubled
to 44.6 hours a week for those providing care for a spouse or
partner. Much of caregiving efforts are spent assisting with
ADLs, and on average, 4.2 out of 7 IADLs. Also, caregivers
often engage in other activities on behalf of their care recipients
to coordinate care, such as communicating with care providers,
and other agencies|3]. Furthermore, agrowing number of family
caregivers are members of the so-called “ sandwich generation,”
balancing care for dependent children and aging parents
simultaneoudly, adding to the complexity and stress of care
responsibilities [4].

Researchers have thoroughly documented that high demands
of caregiving often lead caregivers to experience stress in
physical, mental, and social health. This is a phenomenon
commonly referred to as caregiver burden. Although there is
no medical diagnosis code for caregiver burden, Zarit et al [5]
define it as “the extent to which caregivers perceive that
caregiving has had an adverse effect on their emotional, social,
financial, physical, and spiritual functioning.” Indeed, as a
meta-analysis revealed, in comparison to noncaregivers,
caregivers fare worse across 5 indicators of health, including
depression, stress, subjective well-being, self-efficacy, and
physical health [6]. Risk factors for experiencing caregiver
burden include being female, having low education, living with
the care recipient, higher number of hours spent providing care,
depression, socia isolation, financial stress, and the lack of
choicein being a caregiver [3,7]. Unfortunately, the amount of
caregiver burden continues to rise with the aging population,
asindividuals are living longer but not necessarily healthier, as
evidenced by the continued prevalence of chronic disease [8].

For those providing care for individual swith dementia, the risk
of caregiver burden isespecialy high. Caregiversof individuals
diagnosed with moderate to severe dementia, with the inability
to perform most IADLs and the presence of behaviora
disturbances, tend to experience higher levels of caregiver
burden [9]. Higher caregiver burden correlated with dementia
severity is seen more in women and older caregivers [10]. In
caregivers of individuals with dementia, greater psychological
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distress, including depression, anxiety, and hostility, tends to
occur with increased caregiver burden [11].

One theoretical framework that has played a particularly
prominent role in shaping the development of interventions is
the stress process framework [12]. The stress process framework
combines prior research by Pearlin et a [13] and the
transactional model of stress and coping [14]. The theoretical
framework asserts that factorsin the care context can influence
thetypes of stressorsthat caregiverstend to experience, the way
they appraise and cope with that stress, and caregiving outcomes.
The stress framework has been extremely influential in the
design of caregiver support services in several ways. First, it
demonstrated that caregiver stressinvolves more than the burden
of providing physical care. Instead, asthe caregiver experience
is influenced by variables across multiple domains, it is not
likely that one single intervention will effectively reduce
caregiver stress. Thus, the stress framework underscored the
need for programs to target multiple domains for intervention.
It also led to the development of a wide range of psychosocial
interventions. Beforethe stress processframework, the primary
focus of caregiver support programs was providing respite or
chore services, which proved to berelatively ineffective on their
own [15]. However, the stress process framework has led to a
vast increase in psychoeducational programs, two of which are
the Savvy Caregiver Program [16] and Powerful Tools for
Caregivers[17]. Both of these programs are influenced by the
stress and coping framework [14] and have been identified as
best practice models for caregiver intervention.

Many intervention studies have focused on reducing caregiver
burden among caregivers of older adults with dementia (ie,
those with highest burden levels). Interventions that have been
found to be most successful have provided them with
information about dementia, trained practical problem-solving
skills, improved family communication and other social support,
and increased caregivers' sense of self-efficacy [18,19]. Recent
studies have delivered such interventions, grounded in stress
and coping theory, using forms of remote communication. For
example, in the Miami REACH (Resources for Enhancing
Alzheimer's Caregiver Health) program, Cuban American
caregivers who were provided with in-person family therapy,
access to information databases, and conference calls in
conjunction with a Computer-Telephone Integrated System.
For example, telephones with monitors that allowed remote
visual communication with therapists, showed the most
significant reduction in caregiver depression after 6 months.
Benefits were sustained at 18 months relative to conventional
family therapy or only minimal support [20]. Bank et a [21]
also demonstrated the generalization of tel ephone support groups
for ethnically diverse caregivers of individuals with dementia,
with similar patterns of benefit from the different features of
theintervention.

Although there have been some mixed findings, Web-based
caregiving programs have strong potential to increase accessto
socia support from other caregivers and new social contacts,
access to relevant information, and support from care
professionals. These types of programs have also been shown
to lead to improvements in coping skills, confidence, and
self-efficacy and significant reductionsin caregiver depression,
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anxiety, stress, and strain [22-26]. A recent review study on
Web-based technologies for caregivers of individuals with
chronic illness supported these findings that internet-based
interventions can improve mental health, physical health, and
genera caregiving outcomes [27].

The ubiquity of mobile technology also has great potential for
reducing caregiver burden. Technology already plays a pivotal
role in many aspects of everyday life. According to Nielsen,
71.4% of adultsliving in the US own a mobile phone [28], and
89% of mobile media time is spent using a mobile app [29].
TechCrunch reported that many users believe apps to be more
convenient (55%), faster (48%), and easier to browse (40%)
than mobilewebsites[30]. Also, whereas adoption of traditional
computer use has declined or stalled, the adoption of maobile
devices such as smartphones continues to grow among
Americans over 50 years of age. Over half of this group now
owns a smartphone, and this number continues to grow [31].

Mobile app programs are easily accessible, generaly
inexpensive, and provide a repository for information, which
they can integrate from multiple sources[32]. This makesthem
promising tools for assisting with important health-related
activities. For example, Wang et al [33] found that smartphone
interventions were effective in helping individuals manage
chronic diseases including diabetes, obesity, depression, and
cancer. With the help of mobile app programs, patients with
chronic conditions participated in their health management more
effectively, felt more securein the knowledge that their illnesses
were closely monitored, and felt more connected to their doctors.
Although we could find no published study examining the effect
of app programs on reducing caregiver burden, it isvery likely
that mobile technology has vast potential to support caregiving
by providing convenient tools and resources to coordinate the
demanding tasks and the complex networks of relationships
involved in caring for others. Also, Schulz et al [34] found that
caregiversarewilling to pay for technologiesto help their loved
ones but unwilling to pay significant amounts, making
inexpensive mobile apps an acceptable solution.

In an online survey of 1000 technology using caregivers
conducted by the NAC and United Healthcare [35], 7 in 10
respondents reported they would be somewhat or very receptive
to using a smartphone for apps to help them with caregiving
(69%). Younger caregivers were twice aslikely to report being
very receptive (43% versus 21% of caregivers 50 years of age
or older) to using smartphone apps to help with caregiving
needs. Also, those employed full time are more receptive than
caregiverswho are not employed to using a smartphone to help
with caregiving (78% versus 57% very or somewhat receptive),
even when controlling for the caregiver's age. A larger
proportion of medium- to high-burden caregivers report being
very receptive to using caregiving apps (34%) relative to
low-burden caregivers (25%), likely reflecting their greater need
for assistance. Furthermore, a recent NAC report featuring
results from a roundtable of experts from government, Silicon
Valley entrepreneurs, caregiving advocates, and researchers
identifies the need for and recommends the development of
mobile technology to better support family caregiving [36].
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It isestimated that the number of mobile health (mHealth) apps
availableto consumers exceeds 259,000 [37,38]. A small subset
of these apps is designed to assist family caregivers with the
specific challenges associated with providing careto older adults
with dementia and other chronic diseases. We surveyed and
reviewed the types of apps available for caregivers of older
adults in October 2017. We identified these apps to determine
whether they reflected aspects of support shown to be the most
effective in the caregiving literature and could in principle
reduce levels of burden, providing much needed, uniquely
accessible support to this valuable population.

Methods

During October 2017, apps in English that self-identified or
advertised themselves as tools or aids for caregiving were
identified in the iTunes App Store and Google Play, the most
prevalent operating systemsin use by smartphones, by searching
the keywords “caregiving,” “caregiver,” and “elder care” The
internet was also used to identify caregiving apps using the
search phrase, “ caregiving apps,” in Google Search. Only apps
that specifically addressed family or informal caregiversof older
adults were included.

Apps developed for professiona caregiving provider
organizations or apps that help locate professional caregiving
serviceswere excluded. Appsthat were designed for thoseliving
with specific conditions or health issues (eg, stroke or cancer
patients) were also excluded from this study, but it isimportant
to acknowledge that these may also be used by caregivers. All
appswere classified on their platform availability. Thisincluded
the AppleiOS or Android and both phone and tablet, cost, and
features as described on their iTunes App store or Google Play
store page.

Results

Census of Relevant Apps

Relative to general mHealth apps, availability of mobile apps
geared towards caregivers of older adults is relatively sparse
with 44 apps as of October 2017. Nevertheless, thisnumber has
been steadily on the rise. Existing caregiving apps generally
addressed specific aspects of the caregiving experience. Few
apps were comprehensive, with only 7/44 (16%) apps with
features that addressed 3 functions, and 1 (2%) app addressing
4 or more (Table 1).

Content Analysis

The 44 app programs (Multimedia Appendix 1) were categorized
separately by two coders (authors MG and DZ) and the
differences were resolved by discussion. The categories were
not mutually exclusive (Table 2). They represented functions
served by successful caregiver burden reduction interventions:
(2) information and resources, (2) practical problem-solving
involving behavioral solutions, medication management, safety,
and persona health record tracking, (3) memory aids, (4) family
communication, including coordinating care, calendars for
appointments and sharing, medical and emergency contact lists,
ability to share important information, photos, and messages
among caregivers and family members, and (5) caregiver support
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(ie, care for the caregiver), and comprehensive apps that
integrated multiple functions[18,19]. Of the 44 apps, 22 (50%)
were specifically designed for caregivers of individuals with
dementia.

I nformation and Resources

Fifteen (34%) apps met criteria for providing caregivers with
Information and Resources. These apps provide medical
information and expert advice on topicsin aging or elder care.
Someinclude searchabl e databases on awide variety of medical
conditions, with features that include videos, symptom tracking,
personalized reports, and first aid essentials. Of these 15, 9
(60%) apps were designed specifically for caregivers of
individual swith Alzheimer disease or other forms of dementia,
offering information and helpful solutions for difficult
dementia-related behaviors. The remaining 6 (40%) were for
caregivers of older adults, providing important information on
more general eldercare topics.

Practical Problem Solving

A total of 21 app programs addressed practical problem-solving
needs that many caregivers share. Practical problem solving
was defined as addressing medication management, safety,
personal health record tracking, or behavioral solutions. Three
of the 21 (14%) apps contained tools for Medication
Management. Common features for these apps include
medication schedule and reminder programs, missed dose derts,

Table 1. Number of functions associated with caregiving apps (N=44).

Grossman et al

refill reminders, searchable drug databases with drug
information such as dosage, indication, side effects, and drug
interactions. While many other medication management apps
exist, they are not geared toward caregivers of older adults, and
thus were excluded from the search.

One serious concern for caregivers of family members with
Alzheimer disease or other types of dementiais wandering by
the care recipient. For example, 60% of the individuals with
dementia will wander, and this can lead to dangerous
consequences [39,40]. Five (24%) apps contained tools to
addressthe Safety of loved ones by monitoring their movements.
Two (10%) of these apps used GPS to inform caregivers of the
location of their care recipients and relied on their having a
GPS-enabled phone on their person. Of these, 1 (5%) app was
available in iOS only and the other was available in both iOS,
and Android. Both were free, and 1 was designed to improve
the autonomy of individualswith Alzheimer diseaseinthe early
stages of the disease. Walking has been found to be beneficial
in the early stages of this disease, and these apps might make
it more likely for individuals with Alzheimer disease to go for
walks on their own, supporting an aso critical sense of
autonomy. The remaining 3 (14%) apps featured wearable
technology or home sensors at an added cost that allow family
caregiversto monitor their loved ones whereabouts. These apps
were designed specifically as a tool for caregivers of persons
with dementia.

Number of functions n (%)
1 25(57)
2 11 (25)
3 7 (16)
4 1(2)

Table 2. Apps meeting the criteriafor each category of features (N=44). Note that some apps meet the criteria for more than one category.

Category Examples and features Platforms, n (%)
i0S Android Both Total

Information and resources Tipsand advice; information about dementia, other diseases; searchable 4 (9) 3(7) 8(18) 15(44)
databases; videos; symptom tracking

Family communication Care coordination among family; instant messaging; calendar sharing; 3 (7) 2(5) 10(23) 15(44)
to-do lists

Memory aids Activities for care recipient; conversation starters; toolsfor memory ~ 5(11)  4(9) 3() 12 (27)
support and reminiscence

Care for caregiver Support/chat groups 2(5) 4(9) 4(9) 10(23)
Burden assessments; words of encouragement

Behavior solutions Tips and information to manage problem behaviors (eg, agitation, 3(7) 2(5) 3(7) 8(18)
wandering)

M edication management Medication reminders; dosageinformation; drug-interaction databases — — 3(7) 3(7)

Safety GPS¥motion sensor tracking; automated check-in calls; alarms and 19 129 3(7) 5(11)
reminders

Personal healthrecordtracking Doctors’ appointment reminders 1(2 — 4(9) 5(11)

3GPS: Global Positioning System.
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Personal Health Record Tracking apps allow caregivers to
collect, track and share past and current health information about
acarerecipient. They often accommodate multiple user profiles
with emergency contact information, health insurance, doctors
contact information, and reminders for doctors’ appointments,
and other upcoming medical appointments on a calendar. Five
of the 21 (24%) practical problem-solving apps were identified
that provided specific health record tracking tools to assist
caregivers with managing their loved one's health.

In addition, 8 apps (38%) provided suggested solutions for
dealing with behavioral problems that can arise in the care
recipient. All of these appswere specifically designed for those
caring for individual s with Alzheimer disease or other forms of
dementia, as behavioral disturbances are often present in the
middle and later stages of the disease and can be challenging
for family membersto handle. Examples of behavioral solutions
or tips provided by these apps include how to address sleep
disturbances, delusions, hallucinations, wandering, and
catastrophic responses to stressors later in the day possibly
associated with light changes towards sundown (“ sundowning”).

Family Communication

Our searchyielded 15 appsthat facilitate better communication
for coordinating care among family members. These appswere
designed as communication tools to allow family, friends,
neighbors, and colleagues to coordinate care needs for the care
recipient. The apps allow caregivers to create profiles of their
loved one containing health information pertinent to care, such
as medical condition, medication list, and emergency contacts.
Animportant feature of many of these appsisashared calendar
to coordinate the efforts of multiple family members or
caregivers to assure recipient's needs are addressed. With
features such asinstant messaging, sharing of photosand videos
and other updates, they also provide a much-needed support
network for caregivers. Only 2/15 (13%) of these apps were
specifically designed for caregivers of persons with dementia,
though the others were al designed for elder care.

Memory Aids

Importantly, some apps aim to reduce caregiver burden by
stimulating or supporting the needs of the care recipient. There
has been a recent influx of care recipient focused Memory Aid
apps (currently numbering 12 apps), designed to assist
individualswith Alzheimer disease and other types of dementia
by supporting enhanced cognitive function, communication,
and quality of life. Two of these 12 (17%) apps serve as tools
for memory assistance, providing cues and reminders for alist
of tasks for people with dementia, traumatic brain injury, or
other memory disorders. Nine (75%) apps aim to improve the
quality of life for people with dementia and their caregivers
through shared activities such as making an interactive life
storybook, or providing story starters, memory games, and music
and videos. Additionally, 1 (8%) app provides a picture-based
communication tool for caregivers of individuals with little to
no verbal communication ability, including those in the later
stages of dementia.
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Carefor Caregiver

Caregivers are providing a significant service managing their
loved ones’ health, but occasionally the stressful nature of this
role can become detrimental to their own health. A total of 10/44
(23%) apps contained components to address caring for the
caregiver, in the sense of providing emotional or socia support
or forms of stress relief, and respite. Apps in this category
contain features such as chats or app-based support groups or
social networks, assessmentsto track stress and burden level to
be aware of one's condition, suggestions for supporting one’'s
own health and quality of life and encouraging words, and
advice from other caregivers.

Comprehensive

Comprehensive app programs combine some of the functions
described thusfar including: symptom tracking and journaling,
medication management with refill reminders, calendars for
appointments and coordinating care, medical record profiles
with emergency contact lists, and features that enable sharing
of information, photos, messages among caregivers and other
family members. While no apps in our October 2017 search
addressed all empirically-derived components of necessary
caregiver support, 1/44 (2%) app was found that addressed at
least half (4 out of 8) of these components and thus was deemed
comprehensive in nature.

The Balance: For Alzheimer Caregivers app allows caregivers
to coordinate care among multiple family members by tracking
physical, behavioral, and emotional changesin the care recipient
and sharing the information with other caregivers and doctors
in real time using a chat feature. It aso enables multiple
caregiversto manage caregiving tasks and provides a newsfeed
with the latest Alzheimer disease and caregiving findings and
information. Additionally, the app includes a one-click button
to connect to a free 24-hour helpline, available in a range of
languages, and a “doctor diary” which caregivers can use to
communicate with doctors about changes in symptoms and
behaviors in “real time.” This app is created by RiverSpring
Health, a senior health care organization, and CaringKind, a
dementia non-profit which was formally the New York City
chapter of the Alzheimer's Association. CaringKind
professional s manage the 24-hour helpline, lending support to
its credibility (Note that these are the features as described in
2017, and apps frequently undergo changes and updates.)

Cost and Platform Availability

The apps meeting our search criteriavaried in cost and platform
availability. Most were available for free, although some
required or encouraged supplemental in-app purchases. Of those
that did cost to download, the fee ranged from US $0.99 to US
$29.99 making them relatively affordable. The only exceptions
were the safety apps requiring additional GPS or sensor
technologies. While the apps themselves were free, 2 required
wearable sensors and hardware kits that start at US $249.99,
and 1 offered home-based sensor technology at subscription
rate ranging from approximately US $60 to US $170 per month,
depending on the number of sensors needed.

Most apps (23/44, 52%) were available for both iOS and
Android devices. However, of those availablein only 1 platform,
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dlightly more were available for download for iOS than for
Android devices.

Discussion

Principal Findings

In summary, over the last few years, there has been growth in
the number of mobile appstargeted at caregivers of older adults
and designed to help them manage caregiving responsibilities
and reduce levels of burden. However, in comparison to the
large number of mHealth apps and caregiving apps available
more generaly, there are still relatively few apps catering
specifically to the unique needs of caregivers of older adults.
Asthe baby boomer generation isaging, this country isbracing
to deal with thelargest proportion of older adults our population
has ever seen. For the first time in the US and globally, adults
60 years of age and older will soon outhumber children aged 5
years and under. [41]. The primary responsibility to care for
this growing number of older adults, along with their chronic
health conditions, is poised to fall upon family caregivers.
However, because of other simultaneously occurring
demographic changes, such as lower birth rate and greater
geographic dispersion of family members, the number of
availablefamily caregiversisdecreasing, leaving an unfortunate
imbalance between those available to provide care and those
who need it [42].

Alzheimer disease and other types of dementia are projected to
increase drastically with the aging of the population. Currently,
Alzheimer disease affects over 5 million Americans, and it is
projected that this number will triple by 2050 [43,44]. The
majority of individuals with dementia are cared for at home by
family members. Fortunately, our review showed an increase
in recent development of mobile apps targeted at Alzheimer
disease and other forms of dementia, with a particularly large
number of apps addressing the domains of information and
resources for caregivers and memory aids and enrichment for
care recipients. This development is encouraging, and it is
important that appsin this area continueto grow, asthereisstill
no cure for Alzheimer disease, an illness that takes a huge toll
on both the caregiver and recipient. For thisreason, itisalso a
positive development to see apps directed at the care recipient
as well as the caregiver. For example, certain apps were
designed to help those with dementia maintain feelings of
autonomy and independencefor aslong as possible. Othersaim
to foster improved interaction and communication between the
caregiver and care recipient, arelationship that can sometimes
become tense on both sides. A focus on individuas with
dementiaand their family membersas care partners, rather than
as patient and caregiver, is promising and in line with research
on the increasingly recognized value of person-centered care
[45,46].

Another finding revealed by this study is that caregiving apps
gill  have room for improvement regarding their
comprehensiveness. For instance, 25/44 (57%) of the apps
surveyed provided only 1 service to caregivers. Only 8 (17%)
of the 44 apps provided 3 or more services. Caregivers are
already balancing various daily tasks, medical appointments,
jobs, and more. Thus, it might be idea to combine as many
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useful features as possible into 1 easy-to-use app. The goal of
mobile appsto support caregivers should beto reducetheir load
to help their productivity rather than hinder it. Also, as
mentioned previoudly, the stress process framework suggests
that caregivers experience stressin alarger context and targeting
just one problem or fulfilling a single need will likely be less
effective than an intervention targeting multiple needs [15].

In addition, most of the caregiving apps currently on the market
do not seem to have been developed with the guidance of
caregiving researchers. Therefore, there may be gaps between
app features and empirical findings regarding caregiver burden
and effective means of intervention. Future developers should
collaborate with academic researchers to ensure that their apps
are designed with the current empirical evidence in mind. For
example, one crucial area particularly overlooked by most
existing appsis caring for the caregiver. While 10 (23%) apps
provided some form of limited caregiver support, most of the
apps focused on providing solutions to concrete problems (eg,
tracking a wandering loved one, dealing with problematic
behaviors, communicating with other family members, or
keeping ahealth record). Though these are pressing needs, there
is &ill an imperative demand for resources focusing on
supporting the caregiver's emotional well-being, including
coping with stress, anxiety, and depression. Our search yielded
many general meditation and stress relief apps, but none were
found to be directed toward caregivers of older adults and their
unique stressors and experiences.

Recommendations for Outreach and Research

Family caregivers are providing an indispensable service to
society, saving the health care system hillions of dollars
annually. Often, they do so to the detriment of their health and
well-being. Furthermore, studies suggest that when the
caregivers mental health is strained, their care recipients may
suffer as well, regarding worsened health and shortened
longevity [47]. Therefore, it is vital to invest time and energy
into devel oping technology with the potential to vastly improve
the lives of caregivers and their loved ones receiving care.

Importantly, though they may be the ones who have the most
to gain from thistechnol ogy, family caregivers have been found
to belesslikely to use mobile appsthan the general public [48].
Thisimbalance suggests that greater efforts need to be made to
reach this population and show them the value of this
burgeoning technology. Caregivers need to be made aware that
these types of resources exist at their fingertips. Another
potential barrier isthat many family caregivers do not identify
as care partners, sometimes for many years, and therefore may
not search for resources like mobile apps. Policymakers and
insurance providers should consider policies promoting the use
of mHealth apps that have been shown to be effective at
improving health outcomes via subsidies or other incentives
[48]. Hedlth professionals might also consider providing their
patients and family caregiverswith information on mobile apps
available to them as a means of additional support, and can
guide them in terms of selecting apps with evidence-based
content.

Models of technology acceptance suggest that users, including
older adults, are willing to invest in new technologies if they
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perceive enough usefulness and ease of use[49-51]. Therefore,
it is critical that apps reflect features that users find most
beneficial. It is also critical that apps focus on being intuitive
and easy to operate. One study examined mHealth app use
among research participants, including those managing diabetes,
depression, or caregiving, and found that many highly rated
apps were still too difficult for participants to use [52].
Furthermore, caregivers are a group of people for whom time
is typically strained, thus underscoring the value of simple,
clear, and easy to operate technol ogies and interfaces.

For reasons such as these, user experience studies are needed
to customize apps to the needs, desires, and abilities of the
targeted users. For instance, it may prove useful to develop
adaptive material for caregivers whose care recipients are
experiencing different stages of dementia. A strategy that works
to calm or stir memories in a person with dementia may work
well initially but loseits effectiveness as the disease progresses.
Dementiaisa progressive disease, meaning that symptoms will
change and worsen over time. Therefore, a one-size-fits-all
approach may not be appropriate for dementia caregivers, at
least not without addressing the diversity of caregivers and the
evolving needs of their care recipients. Additionally, many
caregivers of older adults are over 65 years of age themselves,
caring for a spouse or other loved one. As such, app designers
should involve older adults in the design process as much as
possible, as opposed to simply testing with younger
demographics. Apps that are user-friendly for younger adults
may not be user-friendly for older users.

Another consideration that will be important as the field of
mHealth continues to move forward is that of security and
privacy, for example with video monitoring of care recipients.
Of course, with the advent of these new technol ogies comesthe
great potential for increased supervision, safety, and support.
However, these developments also give rise to important
questions regarding the invasion of privacy and security of
information [53,54]. Privacy concerns may be especialy relevant
to older adults, who voice the most concern over the privacy
and security of their information online (AARP, 2017). To
address these concerns, it has been argued that mHealth apps
especially need to focus on standard app devel opment guidelines
and security authentication measures, such as device and app
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passwords, strong encryption mechanisms, and informative
privacy policies[55].

Another question worth considering is whether 1 app can, or
should, actually “do it all.” While it is our opinion that
simplicity, by way of fewer apps, will be preferred by caregivers,
we must recognize that this may not be the case. Perhaps
well-devel oped apps, each with adifferent focus, will beequally
useful and preferred for the sake of compartmentalization.
However, during our review, 6 caregiving apps that were
included in an early count in December 2016 disappeared by
October 2017, each of which had provided a singular service.
Thisturnover pattern might provide support for the futility and
limited appeal of single function apps for caregivers. Lastly, it
is essential to take into account the frequency and duration of
app use. If an app’s sole purpose is to provide information and
resources, will caregivers continue usage after they have
acquired the specific information they sought? For this reason,
an app offering multiple features may be favored by caregivers
and used more regularly.

Conclusions

In conclusion, thefindings discussed in this paper should inform
future work to develop more evidence-based, comprehensive
apps to support caregivers’ needs and reduce caregiver burden.
Apps may be an easy, accessible, and relatively inexpensive
way to help this popul ation manage and navigate the day-to-day
challenges of the caregiving role, especialy for those who do
not have the time or meansto seek out in-person support. More
research is needed on effective mobile app interventions and
resources for caregivers, including piloting with and surveying
caregivers themselves to see how this technology can best suit
their needs and preferences. It is extremely encouraging to see
the number of relatively new apps supporting family caregivers
of older adults. However, taking into account the input of
caregivers themselves and incorporating the most up-to-date
evidence emerging from research will likely be critical to the
success and effectiveness of these apps. With the rapid growth
of mobile phone use in our population and the simultaneous
growing number of older adults, a golden opportunity existsto
utilize mobile phone technologies to help manage their
caregiving needs.
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Abstract

Background: Improving adherence to combined antiretroviral therapy (CART) can be challenging, especially among vulnerable
populationsliving with HIV. Even where CART is available free of charge, social determinants of health act as barriersto optimal
adherence rates. Patient-centered approaches expl oiting mobile phone communications (mHealth) have been shown to improve
adherenceto CART and promote achievement of suppressed HIV plasmaviral |oads. However, data are scarce on the health care
provider (HCP) time commitments and health care costs associated with such interventions. This knowledge is needed to inform
policy and programmatic implementation.

Objective: Thepurpose of thisstudy wasto approximate the resources required and to provide an estimate of the costs associated
with running an mHealth intervention program to improve medication adherence in people living with HIV (PLWH).

Methods: This prospective study of HCP utilization and costs was embedded within a repeated measures effectiveness study
of the Wel Tel short-message service (SM'S) mHealth program. The study included 85 vulnerable, nonadherent PLWH in Vancouver,
Canada, and resulted in improved medication adherence and HIV plasmaviral load among participants. Study participants were
provided mobile phones with unlimited texting (where required) and received weekly bidirectional text messages to inquire on
their status for oneyear. A clinic nurse triaged and managed participants' responses, immediately logging all patient interactions
by topic, HCP involvement, and time dedicated to addressing issues raised by participants. Interaction costs were determined in
Canadian dollars based on HCP type, median salary within our health authority, and their time utilized as part of the intervention.

Results. Participant-identified problems within text responses included health-related, social, and logistical issues. Taken
together, management of problems required amedian of 43 minutes (interquartile range, IQR 17-99) of HCP time per participant
per year, for a median yearly cost of Can $36.72 (IQR 15.50-81.60) per participant who responded with at least one problem.
The clinic nurse who monitored the texts solved or managed 65% of these issues, and the remaining were referred to a variety
of other HCPs. The total intervention costs, including mobile phones, plans, and staffing were a median Can $347.74/highly
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vulnerable participant per year for al participants or Can $383.18/highly vulnerable participant per year for those who responded
with at least one problem.

Conclusions: Bidirectional mHealth programs improve HIV care and treatment outcomes for PLWH. Knowledge about the
HCP cost associated, here less than Can $50/year, provides stakeholders and decision makers with information relevant to
determining the feasibility and sustainability of mHealth programsin areal-world setting.

Trial Registration: ClinicalTrials.gov NCT02603536; https://clinicaltrial s.gov/ct2/show/NCT02603536 (Archived by WebCite

at http://www.webcitation.org/701Y gKUjV).

(JMIR Mhealth Uhealth 2018;6(7):€152) doi:10.2196/mheslth.9493
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Introduction

With the success of combined antiretroviral therapy (CART),
the health of people living with HIV (PLWH) has greatly
improved [1], and life expectancies are now approaching those
of the general population [2]. However, cCART effectivenessis
dependent on high rates of medication adherence. Among
vulnerable populations such as individuals at high risk for
disengagement from treatment dueto various social determinants
of health (eg, housing or food insecurity, substance use issues,
and advanced HIV infection), being adherent is often achallenge
[3-5]. This can be due to a combination of demographic,
structural, and psychosocial barriers, and it resultsin PLWHS
engagement being lost along the cascade of care continuum
[4,6]. Adherence is also crucia at the population level, as
nonadherence can result in high HIV viremia, which places
others at higher risk of acquiring the virus[7,8]. Consequently,
tools to help cART adherence and engagement in care bring
value for both personal and population health. It is known that
patients improved connection to health care providers (HCPs)
can enhance their engagement in care [9-13]. This can be
achieved through the use of mobile health (mHealth) technology,
whereby a mobile phone is used to connect a patient with an
HCP[14-16]. When provided in abidirectional fashion, mHealth
provides a patient with the ability to request and receive
assistance when not physically present at clinic. Thisalows a
variety of “problems” related to physical, emotional and mental
health, housing, food security, and medication use to be
managed in timely fashion, as they arise [17,18]. In addition,
mHealth enables HCPs to connect with patients and monitor
their wellness between clinic visits [18].

Communication through mHealth technology with PLWH was
first shown to significantly improve adherence to cART and
plasma viral load (pVL) suppression in a text-messaging
intervention study conducted in Kenya (Wel TelKenyal) [14].
This bidirectional outpatient management service was then
tested for acceptability and feasibility at Oak Tree Clinic,
Vancouver, British Columbia, in a prospective mixed methods
pilot study (WelTelBC1) [18,19]. HCPsinvolved with the pilot
reported that, although workload increased initially, intervention
benefits went beyond improving pVL and addressed the social
determinants of health that act asbarriersto engagement in care
and to medication adherence [18,19]. This pilot was followed
by the study presented here, Wel Tel OakTree, which examined
the effectiveness of this weekly text-messaging intervention

http://mhealth.jmir.org/2018/7/e152/

over one year, with 85 highly vulnerable and nonadherent
PLWH, who experience many social determinants of health as
barriers to care [20]. Before the study, communication with
patients was likely to be only around their scheduled
appointments, with the main method of communication being
in person or perhaps over the phone on an intermittent basis.
Efficacy results of WelTel OakTree demonstrated an
improvement in cCART adherence and HIV pVL among PLWH
who received the intervention, so that 47.5% of participants
achieved undetectable pVL by study end [20].

Whilethe benefits of mHesalth areclear, littleisknown regarding
HCP time utilization and the costs involved in enacting such
an intervention. Detailing the types of problems and time
required by HCPs to provide the service would allow
visualization for what is involved in providing this efficacious
program, as a program that is very time intensive for providers
may not be feasible or sustainable in busy clinics. Assessing
the true financial and personnel costs to the health care system
iscrucial to thetranglation of thisresearch into clinical careand
is necessary information for health care system officials who
may elect to provide such a service to their population.
Prospectively and throughout the Wel Tel OakTree study [20],
detailed datawere collected on all HCP-participant interactions.
Here we report the estimated HCP utilization and cost of
providing an mHealth intervention for vulnerable PLWH in
Canada.

Methods

Study Setting

The Oak Tree Clinic (OTC), located in Vancouver, Canada, is
aprovincia referral center for women and families living with
HIV throughout British Columbia, many of whom have multiple
demographic, structural, and psychosocia barriers to
engagement in care. The OTC hosts an interdisciplinary team
that provides holistic care for the health needs of women and
their families in a single setting. The PLWH receiving care at
OTC span all HIV-acquisition risk factor groups.

Study Participants

Details of the Wel Tel OakTree study, its participants, and results
were reported elsewhere [20]. Briefly, 85 participants were
recruited between April 2013 and May 2014 at OTC and were
enrolled in arepeated measures cohort study, with the 12 months
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prior toinitiation of the study used retrospectively asthe control
year.

Patients were eligible for study participation if they met the
following inclusion criteria: attendance at OTC for at least one
year prior to study entry (with the one year prior to study start
representing the control year), an indication for CART,
detectable HIV pVL (=200 copies/mL) in the control year, age
>14 years, and being “vulnerable” The latter was defined as
being high-risk or vulnerable for disengagement from treatment
according to a list of predetermined criteria. High-risk
individual swereidentified based on consensus by the careteam
where at least one of the following was present: intimate partner
violence, unstable housing, advanced HIV infection/AIDS,
mental health illness, cCART nonadherence, difficulty to contact,
poor appointment attendance, substance use, long distance from
care, and recent incarceration. All candidateswere reviewed by
the multidisciplinary care team who decided on applicable
vulnerabilities by manner of consensus. We excluded those not
meeting the above criteria, living in an area with no mobile
phone service, or otherwise unable to communicate via the

text-messaging system.

Participants were provided with a basic mobile phone with
unlimited text-messaging capability if they did not have one.
Whererequired, participants received instruction on how to use
text messaging for communication. In addition to the
intervention, participants continued to receive their regular care
through the interdisciplinary OTC team. Thisincluded follow-up
appointmentsevery 1-4 months, asclinically indicated by overall
health status and HIV pVL. In British Columbia, cART for
PLWH is fully covered through the provincial drug treatment
program and was prescribed according to published provincial
therapeutic guidelines [21]. The study was reviewed and
approved by the University of British Columbia Research Ethics
Board (H12-03002).

Figure 1. Weekly text-messaging structure.

Platform: “Great,
text you next
week”

Clinician calls participant and triages:
v" Provides counseling or advice

v" Provides support
v Refers to clinic or hospital
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WelTel Program

Participants received aweekly interactive text message of “How
are you?' to check in on their health status for one year. An
automated software platform sent the text every Monday at
noon from a number not traceable to the clinic. Participants
were asked to respond each week within 48 hours if they were
“OK” or had a“problem.” A study nurse monitored responses
daily (except weekends) and responded to all “problem” texts
from participants during working hours, as shown in Figure 1.
The study nurse triaged “problem” responses and involved
additional HCP as required. Participants who did not respond
to the initial text were sent a second message on Wednesday,
“Haven't heard from you. How's it going?’ If there was still
no response, the clinic nurse called participants who had not
responded by Thursday. If there was again no response,
participants were texted as per usual the following Monday.
HCPs never texted information relating to HIV status or the
clinic unless asked explicitly to do so by the participant.

Data Collection and Analysis

All communications related to the program were recorded and
encoded prospectively by participant ID in an electronic study
log maintained exclusively by the single study nurse. The
number of minutesrequired to triage and solve each “ problem”
response was also recorded in the log. At the time of the
interaction, the study nurse thematically coded all problems
based on the nature of each interaction and the classification of
the HCPinvolved with theinteraction. Where multiple providers
were consulted, time taken and theme of interaction was
recorded for each one. The cost of each interaction was then
determined based on HCP time utilized and the mean salary of
each HCPtype, within our health authority (British Columbia's
Provincial Health Services Authority) [22]. Clinical data,
including HIV pVL, CD4 (cluster of differentiation 4) counts,
appointment attendance, and medi cation adherence, are reported
elsewhere [20].

|
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Results

Participant Characteristics

Of the 85 participants recruited, 80 remained enrolled for the
entire duration of the study, and five withdrew for personal
reasons. Baseline demographics of these 85 participants are
shown in Table 1. Of the participants, 44 had their own mobile
phone at study start, and 41 were given phones with unlimited
text-messaging capability.

Text-M essaging Responses

Over theintervention year, atotal of 3764 “How areyou?’ texts
were sent to participants, fewer than the predicted total of 4420
texts. Texts were not sent either due to planned participant
absences (n=125), participants losing their phone (n=366), or
participant withdrawal (n=165). At the participant level, awide
range of individual response rates to text messages were
observed (0%-98%). The mean response rate was 50% (median
52%) among participants continuing to study completion. Of
text messages sent, 46.68% (1757/3764) resulted in an initial
“OK” response, 9.62% (362/3764) indicated a“problem,” and
43.70% (1645/3764) returned no response. While 362 “ problem”
responses were received in response to the Monday text
message, an additional 203 “ problem” responseswere received
later in the week, either as a second “problem,” or as a new
problem after an initial “OK” response. Thus, at study
completion, there were a total of 565 “problem” responses
received.

Campbell et al

As more than one HCP was often required to address an issue,
atotal of 761 distinct HCP interactions resulted from the 565
problem responses. Weillustrate the number of HCP-parti cipant
interactions by HCP type (Figure 2), mean time of each
interaction (Figure 3), and total time per HCP (Figure 4) over
the study period. The study nurse managed 64.9% (494/761) of
problem interactions and spent the most time (2443/4533
minutes, 53.9%) on problem solving overall, among all HCPs.
The counselor spent the greatest amount of time per interaction,
averaging 27 minutes. Overall, managing “ problem” responses
required atotal of 75.5 hours, with amedian (interquartile range,
IQR) of 43 (17-99) minutes of HCP time per year for
participants who responded with problems (Table 2).
Additionally, approximately 78 hours (55
minutes/participant/year) of HCPtimewas required for sending
unschedul ed text messages, weekday monitoring of the platform,
and making phone calls to participants who did not respond to
text messages.

WelTel participants reported a great breadth of “problems,”
encompassing medical problems, as well as issues related to
social determinants of health. Figure 5 depicts the nature and
frequency of these* problem” -rel ated interactions between HCPs
and participants. The most common “problem” responses
involved the participant seeking medical advice (199/761,
26.1%). The study nurse solved majority of these issues
(153/199, 76.9%). Other common problem responses were
related to counseling (71/761, 9.3%), antiretrovirals
refill/pick-up (72/761, 9.5%), appointment
reminders/rescheduling (103/761, 13.5%), check-in/making
contact (75/761, 9.8%), and phone/study support (49/761, 6.4%).

Table 1. Baseline demographics of a high-risk Canadian HIV-positive cohort (N=80).

Demographics Participants
Gender, n (%)
Female 72 (90)
Male 6(8)
Transgender 2(3)
Agein years, median (range) 38 (15-61)
Ethnicity, n (%)
White 30(38)
First Nations 27 (34)
African Canadian 18 (22)
South Asian 5(6)
Income source, n (%)
Disability 57 (71)
Welfare 6 (8)
Employed 4(5)
Other 13 (16)
Cell phone owner ship, n (%)
Yes 43 (54)
No 37 (46)
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Figure 2. Total number of interactions with participants per health care provider over study year.
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Figure 4. Total interaction time per health care provider over study year.
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Table 2. Median time and cost per problem and per year for all participants and problem responders during Wel Tel intervention.

Times and costs All participants (n=85) Problem responders (n=65)

Median time/problem, minutes 5 5

Timelyear, minutes

Median 22 43
Interquartile range 3-85 17-99
Range 0-335 2-335
Median cost/problem, Can $ 4.08 4,08
Cost/year, Can $
Median 17.95 36.72
Interquartile range 2.45-71.40 15.50-81.60
Range 0-273.37 1.63-273.37
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Figure5. Nature and frequency of problem-response interactions that health care providers solved over intervention year.
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Text-Messaging Costs

Figure 6 displays the cost per interaction and Figure 7 shows
total costs (in Canadian dollars), over the study period for each
HCP in managing “problem” responses. Interactions involving
the counselor carried the greatest cost, averaging Can $19.11
per interaction, dueto their length. However, these interactions
werefew (total cost Can $191.13). In contrast, interactionswith
the study nurse carried an average cost of Can $3.63 per
interaction, for atotal cost of Can $1791.70. The median cost
of al HCP time for managing all “problem” responses in the
study was Can $36.72 (IQR 15.50-81.60) per participant who
had replied with “problem” responses, and the median cost of
HCP time was Can $17.95 (IQR 2.45-71.40) per highly
vulnerable participant for 1 year of service (Table 2).

The study nurse spent approximately 90 minutes each week
monitoring participant responses, for a total cost of Can
$3432.31 (including 20% benefits cost). The automated software
platform cost for this study was Can $5000. Where a phone and
phone plan were given to participants (n=50 over course of

http://mhealth.jmir.org/2018/7/e152/

RenderX

study), basic phone cost was Can $50, and cost of phone plans
was Can $28.50 per person per month (including taxes). The
total cost of providing phones and plans to 50 participants (of
85) was Can $392 per person per year, or atotal cost of Can
$19,600/year. Study cost per participant when a basic phone
and unlimited texting plan were included was therefore Can
$509.15 per person per year for al participants or Can $527.92
per person per year for problem responders. Study cost for
participants who used their own phone was Can $117.15 per
person per year for all participants or Can $135.92 per person
per year for problem responders. Therefore, the intervention
overall cost Can $347.74 per highly vulnerable participant per
year for all participants or Can $383.18 per highly vulnerable
participant per year for those who responded with at least one
problem (Table 3).

At study end, nearly half (38/80, 47.5%) of participants had
undetectable pVL (previously published [20]). Thus, WelTel
program and HCP cost per undetectable pV L achieved was Can
$835.03/year.
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Figure 6. Cost per interaction per health care provider.
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Figure 7. Total cost per health care provider over study year.
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Table 3. Deconstructed costs of Wel Tel OakTree Study during intervention year (in Canadian dollars).

Item Median cost per participant (n=85) Median cost per problem responder (n=65) Total cost (n=85)2
Automated software platform $58.82 $58.82 $5000°

Study nurse checking responses $40.38 $40.38 $3432.31
Managing “problem” responses $17.95 $36.72 $3699.20

Phones (n=50) $50.00 $50.00 $2500.00

Phone plans (n=50) $342.00 $342.00 $17,100.00

Own phone, total $117.15 $135.92 $31,731.20

Given phone and plan, total $509.15° $527.92¢ $31,731.20

All $347.74 $383.18 $31,731.20

850 participants were provided with a phone.

PFixed cost: does not change with enrollment and is subject to change.
€50 participants were provided with phones and plans.

da1 participants were provided with phones and plans.

Discussion

Principal Findings

Mobile hedlth interventions, such as WelTel, are effective at
improving cART adherence and pVL in PLWH [14,15,20].
However, trandlating this program from research to clinical care
requires the buy-in and support of decision makers and payers.
This study provides policy makerswith the real-world cost and
staff requirements to roll out such a program as a part of care
for PWLH who are vulnerable to disengagement in care in a
Canadian setting.

Data were captured at the time of each event; hence, results
presented here precisely reflect the nature of “problems’ and
time utilization for each HCP-participant interaction in the study.
The study nurse was able to address the majority (64.9%) of
“problem” responseswithout referral to asecondary HCP. Many
of these responses were medically related. Thus, when
implementing bidirectiona mHealth interventions in the
real-world setting, it would be advantageous to employ HCPs
capable of giving basic medical advice when answering text
messages. Other “problems” wererelated to social determinants
of health, reflecting the vulnerability of our study population.
These were managed through a variety of OTC care providers.
Inthe case of alimited resource setting, however, many of these
issues could be managed by a skilled nurse, with the aid of a
social worker in some instances. A situation with fewer care
providers, though providing a less specialized service, may
provide the added benefit of further strengthening patient-HCP
relationships through increased interaction. This could be
beneficial, as enhancing patient-provider relationships has been
associated with improved adherence self-efficacy [23], aswell
as improvement in CART adherence [9,11], vira suppression
[24], and overall health outcomes [25]. The possible downside
of a small team, however, may include a larger effect on
participants if and when a staffing change occurs.

The total HCP time for managing “problem” responses was
75.5 hours, or 43 minutes per participant per year. It should be
noted that the highly vulnerable and complex nature of the study

http://mhealth.jmir.org/2018/7/e152/

participants might have resulted in more problems, inflating
HCPtime above what may be expected in amore mixed cohort.
An additional 78 hours (55 minutes per participant per year)
was required for sending unscheduled text messages, weekday
checking of the platform, and making phone callsto participants
who did not respond to text messages. However, phoning
nonresponders later in the week was time consuming with low
yield and is not recommended going forward. Without these
cals, considerable savings (30-60 minutes/week) could be
achieved. Overall, the time spent by HCPs per participant over
the study year was lower than anticipated, amounting to a cost
similar to that of asingle physician visit (Can $130/hour) [22].
Thissmall timeinvestment may be worthwhile, since mitigating
problems as they arise can prevent progression of illness and
decrease morbidity, thus reducing costs of health care over time
[26,27].

Indeed, it isknown that PLWH with sustained viral suppression
have considerably lower non-cART direct medical costs [28].
Ascomplicationsinvolving medication tolerance and adherence
are solved, adherent individual s become healthier over time[1],
requiring less frequent medical appointments and fewer hospital
admissions [28,29]. These costs would add up, as the average
cost of ahospital stay in British Columbiaisapproximately Can
$6000 [30]. Furthermore, stable, virally suppressed individuals
could use the WelTel program for viral-load-informed
differentiated care, where text messaging would be sufficient
tofollow stable patients and allow less frequent patient-provider
visits [31]. Thus, the WelTdl intervention could potentially
avoid some of these costs.

Through improved cART adherenceand HIV viral suppression,
the Wel Tel mHealth program can a so be expected to lower risk
of HIV transmission from participants to others, an important
public health consideration [28,32-34]. The cost of treatment
for individuals newly diagnosed with HIV in Canada is
estimated at Can $250,000 over their lifetime [35]. When also
including quality of life years (Can $380,000) and productivity
loss (Can $670,000), the estimated lifetime cost of those newly
diagnosed increases to Can $1.3 million [35]. Consequently,
fewer HIV transmissions and therefore fewer new cases of HIV
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per year would result in a lower cost of HIV care [36]. These
cost reductions would likely offset the cost of our mHealth
intervention, making the cost of Can $835.03 per newly
undetectable PLWH/year a seemingly worthwhile investment.

Importantly, the clinical and economical information from our
intervention can be applied to other aspects of health care, such
asdiabetes care[37,38], eldercare[39], and many other chronic
diseases where patient treatment fatigue is a known barrier
[15,40-43]. As bidirectional mHealth offers patients rea-time
advice from HCPs and improves self-management of chronic
diseases, the benefits may extend beyond what we are able to
quantify. Implementing a triage system could be beneficial,
such that the Wel Tel serviceis provided to our most vulnerable
patients, but also more selectively to those most likely to use it
and benefit from it, optimizing usage of health care funds.
Mobile health is an accessible and practical method of
communication, as the majority of Canadians have mabile
phones. In our study, approximately half of participants had
phones at baseline, speaking to the vulnerability of our cohort.
This increased the costs of our service and would thus likely
overestimate the costs of implementing mHealth programsinto
health care practices where a higher percentage of individuals
had a mobile phone. Taken together, information on the costs
and time required by HCPsto provide the Wel Tel service gives

Acknowledgments

Campbell et al

valuable insight into what implementation would mean in our
and other settings.

Limitations

Since HCP resource usage data were not collected during the
control year, we cannot comment on any change in HCP
resource utilization relative to the past or future if the program
were extended. |dentified participant vulnerabilities were not
measured at study end, so potential change or improvement
cannot be determined. In addition, this study was carried out
by engaging the most vulnerable patients in our clinic; thus,
resource use for amore stable population may be different than
that presented here.

Conclusion

To our knowledge, thisisthefirst study detailing HCPtime and
resource utilization for an mHealth intervention in Canada.
While further studies should address the question of changein
resource utilization over time, both prior to and in the context
of providing an mHealth intervention (eg, less time needed for
social work/outreach, fewer clinical appointments), our study
shows that weekly patient contact does not require a
considerable amount of HCP time. When compared to the cost
of a physician visit or hospital admission, it carries only a
modest cost per participant for PLWH who are most vulnerable
to morbidity and death.
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Abstract

Background: Avatars and embodied agents are a promising innovation for human health intervention because they may serve
as arelational agent that might augment user engagement in a behavioral change intervention and motivate behavioral change
such as antiretroviral adherence and retention in care.

Objective: This study aimed to develop a theory-driven talking avatar-like embodied agent maobile phone intervention guided
by the information-motivation-behavioral skills model to promote HIV medication adherence and retention in care in young
African American men who have sex with men (MSM).

Methods: We performed 5 iterative focus groups in Chicago with HIV-positive African American MSM aged 18-34 years to
inform the ongoing development of a mobile phone app. Participants for the focus groups were recruited from 4 University of
Illinois at Chicago Community Outreach Intervention Project sites located in different high HIV incidence areas of the city and
the University of Illincisat Chicago HIV clinic using fliersand word of mouth. Thefocus group dataanalysisincluded developing
an ongoing list of priorities for app changes and discussion between two of the investigators based on the project timeline,
resources, and to what extent they served the app’s objectives.

Results: Inthisstudy, 16 men participated, including 3 who participated in two groups. The acceptability for an embodied agent
app was universal in all 5 focus groups. The app included the embodied agent response to questions and antiretroviral regimen
information, adherence tracking, CD4 count and viral load tracking, motivational spoken messages, and customizability. Concerns
that were identified and responded to in the devel opment process included privacy, stigma, avoiding the harsh or commanding
tone of voice, avoiding negative motivational statements, and making reminder functionsfor avariety of health care interactions.

Conclusions: An avatar-like embodied agent mHealth approach was acceptable to young HIV-positive African American MSM.
Itsrelational nature may makeit an effective method of informing, motivating, and promoting health behavioral skills. Furthermore,

http://mhealth.jmir.org/2018/7/€10211/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [€10211 | p.217
(page number not for citation purposes)


mailto:mdworkin@uic.edu
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH

Dworkin et al

the app’s ease of access, stigma-free environment, and audiovisual format may help overcome some adherence barriers reported

in this population.

(JMIR Mhealth Uhealth 2018;6(7):€10211) doi:10.2196/10211
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Introduction

Young HIV-positive men who have sex with men (MSM) are
an important population who may benefit from intervention on
the HIV Continuum of Care. MSM account for 82% of new
HIV diagnoses among men [1]. The largest subgroup within
this popul ation comprises African American MSM. In anational
study of HIV-positive M SM reported by the Centersfor Disease
Control and Prevention, both young MSM (aged 18-34 years)
and African American MSM had the lowest viral suppression
and retention in care compared with MSM in other age or racial
or ethnic groups [2]. Although African Americans represent
13% of the US population, they account for >50% of deaths
fromHIV or AIDS[3]. African Americans have lower proficient
health literacy than Caucasians[4], which isespecially important
because hedlth literacy is associated with the antiretroviral
adherence [5].

An avatar is an animated computerized character designed to
look like a person. It may be cartoonish and simplistic or
remarkably realistic in its resemblance to an actual person.
While avatars are commonly used in computer games, their
application to the promotion of human health isnew and actively
emerging [6-10]. In fact, an avatar is most often used as an
embodiment of an online user (asin acomputer game); theterm
embodied agent (or embodied conversational agent) refersto a
computer-generated character that provides afeeling of human
verbal or nonverbal interaction to the user. Avatars and
embodied agents are promising innovative tools for human
health intervention because they may serve asarelational agent,
a computerized image to which a person may react as if they
arein arelationship; this relational aspect might augment user
engagement in a behavioral change intervention and thus
motivate behavioral change[11]. Avatars and embodied agents
offer certain advantages. They may overcome some barriersto
care, especialy for minority groups, who may be challenged
by difficulty traveling to a clinic, have concerns about
experiencing stigma in the health care setting, and have other
issues such aslow literacy and subsequent discomfort clarifying
instructions spoken or written above their literacy level.

Avatars and embodied agents can be customized to a user’s
preferences, engaging the user in a persona manner. They can
engage the user with multiple modalities, such as audio,
graphics, text, and interactivity, which may motivate behavior,
educate, and encourage repeated use. They also can raise the
user's health literacy by explaining terminology and improving
their understanding of the rationale for healthy behavior.
Furthermore, encouraging the user with simple engaging speech,
hand gestures, facia cues, and other nonverbal behaviors may
augment comprehension and impact [12].

http://mhealth.jmir.org/2018/7/€10211/

Evidence suggeststhat amobile avatar health intervention might
be effective in African American MSM. Reportedly, African
Americans (72%) have high mobile phone ownership [13]. A
national survey reported that lesbian, gay, and bisexual persons
have higher mobile phone use than heterosexuals [14]. A
randomized controlled trial examined a “virtual agent nurse”
providing dischargeinstructionsto 764 hospital patients, among
whom approximately half were minorities and half had low
health literacy [15,16]. The nurse wasrandomly provided either
an African American or awhite avatar, and patients exhibited
very high satisfaction with the agent. A larger number of patients
stated that they preferred talking to the agent compared with a
human. Moreover, patients with lower health literacy reported
feeling more cared for by the agent than patients with higher
health literacy [15,16].

As low health literacy is a factor associated with the
antiretrovira therapy (ART) adherence and retention in care
[17-22], avatar-based technologies may be a useful vehicle to
promote healthy HIV-related behaviors. However, to the best
of our knowledge, this is the first study to develop a
mobile-delivered, avatar-based intervention addressing retention
inHIV care.

We developed a theory-driven, avatar-based embodied agent
mobile phone intervention (hereafter referred to as an avatar)
to promote HIV medication adherence and retention in carein
young African American MSM. This embodied agent was
created using an avatar framework from the image of a young
African American male volunteer. This mobile phone app was
informed by an iterative process of focus groups with young
African American MSM that provided feedback on seria
versions. The theoretical backdrop for the app design was the
information-motivation-behavioral skillsmodel of antiretroviral
adherence [23]. Therefore, the app was designed to remedy
knowledge gaps (information), improve self-efficacy
(motivation), and include functions, such asreminder aertsand
caendar functions, which may help improve adherence
(behavioral skills). Thisstudy aimed to describe the devel opment
of this app and lessons |earned.

Methods

Participants

We conducted 5 focus groups, with 3-4 participants in each
group, in Chicago from January to May 2016. Participants for
the focus groups were recruited from 4 University of Illinois at
Chicago Community Outreach Intervention Project sites|ocated
in different high HIV incidence areas of the city and the
University of Illinois a Chicago HIV clinic using fliers and
word of mouth. In thisstudy, 3 men who participated inthefirst
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group returned for the second group, and the other 13
participants were present only one time (N=16 participants).

The inclusion criteria for the study were self-reported age of
18-34 years, African American race, MSM, HIV-positive, on
ART for at least 3 months by self-report, and owning amobile
phone.

Procedures

All procedureswere approved by the Institutional Review Board
of the University of lllinoisat Chicago School of Public Health.
Before starting each focus group, we obtained informed consent,
and participants were provided with a short questionnaire to
determine their age, number of ART doses missed in the past
2 weeks, and the main reason for missing doses, if relevant. Of
note, focus groups were performed in a confidential setting led
by one of the investigators (MD) and an experienced focus
group moderator. Focus group locations included Community
Outreach Intervention Project sites and the University of Illinois
at Chicago's School of Public Health. Participants were
encouraged not to share what was discussed within the room
or disclose anyone else's participation, and their names were
not used. Focus groups lasted approximately 90 minutes.
Feedback from participants was immediately transcribed for
review by the research team and discussion with the computer
scientist (SL) as developmental drafts emerged. The analysis
of thetranscribed datawas performed by one of theinvestigators
(MD) throughout the project duration. The avatar dialogue was
created and edited in responseto participants recommendations
and feedback, and alist of new functions or changesto functions
that were explained or demonstrated to participants was created.
Then, thislist was discussed with the computer scientist (SL),
including after each focus group. These two investigators made
adecision of which changesto prioritize regarding the feasibility
of making each change based on the project timeline, resources
needed, and to what extent the change might enhance the
efficacy of the app. Examples of app enhancement taken into
consideration were would it encourage use, encourage repeat
use, and serve the app’'s objectives of providing knowledge,
motivation, and promoting behavioral skills.

Focus groups began by showing the current form of the app.
Then, we asked questions regarding app engagement and each
of its proposed functions, which included their opinions about
the app symbol, each function in general, and the language used
by the avatar. Participants' likes and dislikes were specifically
sought. Then, we asked participants about the proposed
functions that might motivate the long-term use and why they
had this opinion. Next, we asked them about their perception
of the avatar (Figure 1), including its gender, casual or formal
appearance, other physical characteristics they sought, and
desiresfor customizability. The discussion progressed to explore
what they would like the app to do specifically with respect to
helping them take their medication and stay in care. Next, we
asked what motivates them to stay in care and what things they
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would like the avatar to say to motivate them to take their
medication without missing dosesand stay in care. Furthermore,
they were asked whether they wanted the avatar to say anything
that acknowledges their dual identity of being both African
American and MSM, such as issues of racism, homophobia,
beliefs about masculinity, social isolation related to being gay,
and HIV status; however, they did not seek such
acknowledgment from the app. Finally, they were asked whether
they preferred the avatar speaking or did they want to read
avatar-provided information. The focus group feedback was
categorized as follows to inform the development of the app:
acceptability of the intervention (including privacy concerns
derived from stigma), avatar customization and content
preferences, information, motivation, and behavioral skills that
impact HIV care retention. As a dialogue for the avatar was
developed (a script), participants were read the dialogue (such
as questions that the avatar might say and answer) and then
asked about the relevance of the question, comprehension, and
reaction to the response. We also asked about other questions
they wanted to be addressed. Relational language (ie, language
that may promote a social-emotional relationship with the user)
was purposively inserted into the dialogue. For example, phrases
spoken by participants were inserted into the avatar’s dialogue
like “Just keepin’ it real” or referring to something as “ nasty.”
Similarly, the person chosen to voice the avatar dialogue was
an African American man, and his diction was left unaltered
when it differed dightly from the written version. Next, new
components and content that augmented the avatar's
functionality were devel oped on the basis of participants’ input
and shared with the next focus group for feedback in an iterative
way. Initialy, participants were shown storyboard images of
planned functions and graphics. By the third focus group, the
participants were shown the evolving app on a mobile phone,
which included both visual and audio components. Although
werefer to these gatherings as focus groups, they were not used
for identifying themes, and so, no qualitative analyses were
performed. Rather, thisiterative process was similar to product
development by a company that wants to ensure the target
population will find the product acceptable. As the purpose of
these focus groups was to primarily guide real-time image and
function app edits, the data did not require formal qualitative
analysis.

Proposed M obile Phone App

Entry into the app is password protected. Theinitially proposed
and final version of the mobile phone app includes 4 tabs.

Home Screen

Tapping on the first tab delivers the user to the home screen.
The avatar greets users on the home screen and provides an
audio orientation to the tabs. L ater, we added another interaction
(inviting the user to hear the motivational messages described
below) to the home screen.
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Figure 1. Proposed initial appearance of the avatar shown to focus group participants at the first focus group.

Let Me Explain

Tapping on the second tab opensthe“Let Me Explain” function,
which displaysthe avatar and a scroll bar of questions. Tapping
on the question causes the avatar to read and respond. The
educational content includes abasic explanation of key concepts
relevant to adherence and retention in care such asunderstanding
vira load, CD4 count, routinely obtained blood tests and their
rationale aswell aswhat isAIDS, how AIDS differsfrom HIV,
and how often they should see their health care provider. We
showed participants draft illustrations that could augment
educational content, such asan animation of an x-ray developing
aninfiltrate, whilethe avatar explains Pneumocystis pneumonia
in response to the question, “What can happen if | get AIDS?’

Medication Manager

Tapping on the third tab opens the “Medication Manager”
function, which includes several tap and click components.
Clicking on “Enter Medicing” displays ART and allows users
to select their regimen, which the app can display if they click
on “My Regimen.” Additional ART information, including
generic and commercial names, common side effects, doses per
day, and food restrictions, are available by clicking ontheimage
of each medication. Each day the app is opened, the user is
prompted on the home screen to record whether they took their
ART dosesthat day. If they respond no, the app asksthe reason
for missing the dose by providing a list of common reasons to
check which applied. If none of the listed responses is
applicable, the user can enter a free text response as “Other.”
These data results are available to view in a calendar screen
availablewithin the “ Medication Manager” that showstheimage
of apill onthe dateswith medication taken and an“ X" for dates
they responded no. “Medication Manager” includes the ability
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to enter the current and past viral load and CD4 counts to
populate a trends curve for each. Later in the iterative process,
we added the ability to enter side effects daily.

Settings

Tapping on the fourth tab opens “ Settings,” where users can
create multiple simultaneous personalized reminders for
medication and care or lab appointments that can be set as
recurring reminders. They may also customize their avatar
appearance (such as, hair, glasses, clothes, and background),
enter phone numbers of key contacts (health care provider, case
manager, and pharmacy) for touch and click calling, and read
the“Let Me Explain” and ART information without activating
the avatar audio. Within any function, users may pause and
silence the avatar with a button located on al screens. When
the pause screen is not used, the avatar has a slight head motion
and blinking to appear lifelike.

As the app development progressed, participants in the last 3
focus groups were shown the app demonstration on the phone.
Theavatar's dialogueincluded both motivational and empathetic
statements (to promote the relationship with the avatar) and
phrasing derived from focus group discussions. The avatar
dialogue wasrecorded, not synthetic, and the avatar’sanimation
included minima head movement, eye blinking, and mouth
movement. By thefinal focus group, the app offered userswith
opportunitiesto respond to questions posed by the avatar, such
as whether they wanted to hear the avatar's (or his friend's)
thoughts on a subject (eg, depression), which would allow the
avatar (or hisfriendsintheform of audiorecordings) to provide
the additional motivational dialoguethat was derived from focus
group participant thoughts or recommendations.
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Results

Participants

The reported ages of 16 participants ranged between 21 and 34
(median 29.5) years. As per the inclusion criteria, all were
African American MSM. Of al, 7 had missed at least 3 ART
doses, 4 had missed 2 doses, 4 had missed 1 one, and only 1
participant did not miss any ART dosein the past 2 weeks. The
main reason for missing a dose was forgetting (n=8), being
away from home (n=4), avoiding side effects (n=2), and both
being away from home and forgetting (n=2).

Acceptability
The acceptability for the concept was universal in all 5 focus

groups. Participants affirmed that the idea of a taking
instructional avatar was a welcome innovation:

Helooks so real, and he's a nice attractive man, and
I’'m going to ask him a lot of questions about
medication! Thisis genius idea! Thank you! People
can go on their phone. People say, I'm afraid to take
my meds. Thisthing can talk back to say, “ It's okay”
Here's why to take your meds. [Focus group 1]

I think it will work. I'msure it will. [Focus group 2]

It's good that it can explain the side effects. It's a
good idea that there's a picture of the medicine.
[Focus group 3]

Participants also provided feedback about the content,
suggesting which dia ogue should be changed to facilitate better
understanding; this informed changes that were tested in a
subsequent group that were much better received. For example,
although participants accepted the use of the word AIDS in a
guestion such as“IsAlDSthesamething asHIV?’, they reacted
negatively to its use as an explanation of the CD4 count by
stating, “It's pretty low if it's under 200. That's AIDS if it's
under 200.” A participant asserted that if he had a CD4 count
below 200 and was told by the app that he had AIDS as it was
stated in this response, it would make him not want to use the
app. He stated,

Like I’'mgonna keep it real, like if my doctor told me
that, I’m not going back to the doctor. [Focus group
4]

Another participant said, in response,

| think that in the black community, we are not
comfortablewith that word, AIDS Instead, don’t have
it say below 200 you got AIDS. Haveit say if you less
than 200, you got to seethe doctor. Don’t say, “ That's
AIDS” Say, “ That means your risk of infection is
much higher, and it's so important to take your
medication to get healthy” [Focus group 4]

While participants generally welcomed the use of images to
complement the dialogue, images portraying sickness or
negative consequences of having HIV were less well received.
Originally, anillustration of an avatar on a ventilator appeared
during the explanation of the complications of AIDSin part to
provide a rationale and motivation for healthy behavior. Some
participants felt that negative images were upsetting and not
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motivating. However, illustrations that explained the body and
HIV were welcomed such as an image of an x-ray that reveal ed
and explained Pneumocystis pneumonia as a complication for
AIDS that required taking an antibiotic to prevent it when the
CD4 count is low. One participant from focus group 5 stated,
“It’s interesting to know what’s going on in the body.”

Asaresult of the above feedback, the explanation of AIDS was
softened to one accepted by the group, “Under 200 means your
immune system doesn’'t fight infections so good.” Similarly,
any image that repelled a participant from wanting to use the
app was removed. When no participants agreed that alanguage
or an image was unacceptable, a language that they all could
agree was acceptable was offered. A new language was selected
when all agreed it was preferable and met the objective of that
function (such as clear and educational or motivating). For
example, the original wording of the response to the question,
“Why do | need my blood drawn?’ included the statement, “And
some benefits plans that pay for your medication, they need to
see your blood test results too.” This was intended to remind
them that to keep the benefits of programs, like the AIDS Drug
Assistance Program (ADAP), they need to have had their blood
drawn, as it is a requirement for every 6-month renewal.
However, there were reactions such as, “| just don't get it,” and
another participant said, “That was a distraction, the benefits
part.” Subsequently, participants found the following lengthier
but more explanatory language acceptable:

“And some benefits plans that pay for your
medication, they need to see your blood test results
too. Have you heard of ADAP or CHIC? The AIDS
Drug Assistance Plan or CHIC Premium assistance?
Every 6 months they have to receive your blood
results, or they expire and then so does getting
medication for free! So to keep certain benefits like
ADAP from expiring, you get the blood drawn so the
results can get sent in with the renewal application.”

Stigma and Privacy

Stigmaemerged asan important issuein thefirst 4 focus groups.
Specifically, participants were very sensitive to no one knowing
their sexual or HIV-related identity through an association with
the app. Participants voiced no concerns related to the app by
thefifth group, after it had been edited in responseto previously
voiced issues. Participants sought privacy featuresthat protected
anonymity concerning their MSM identity, HIV status, and their
health in general. They stated that it was common to have
someone looking at or holding their phone. For example, they
wanted to minimize the unwanted attention from aerts or
reminders to take medicine. Furthermore, they expressed
reluctance to ask questions from health care providers or to
disclose problems when not asked about them. They suggested
a feature that would allow them to instantly change the app
screen image to an image that hides their activity to mislead
people who are trying to figure out what they are looking at.
Notably, images of a game, Facebook, or other culturaly
appropriate graphics were suggested. A screen hiding function
was added by the fourth focus group.
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What would be nice, they trying to be nosy and he
can change into a game image. Only we know that
he's a puzzle now. [Focus group 1]

| wouldn’t want it to pop up saying take your meds.
[Focus group 1]

The “ Did you take your medicine notification” is a

problem. “ Did you take your medication?” Anybody

in their right mind is going be, “ What do you mean

you take medication?” It lets them know your sick.

You could be hiding it fromyour family. [Focus group

3]
In response to the feedback, the avatar tells the user about these
privacy features during the orientation while acknowledging an
understanding of these privacy concerns in a relational
statement: “ People are aways getting up in my business. How
about you?' A relational dialogue, such as this example, may
help build trust and credibility asit introduces the avatar as an
ally who has some understanding of their world. Specifically,
webuilt afunction that allowsthe user to select among multiple
images that would instantly disguise the screen. We also made
the reminder alert customizable so the user can decide if they
want it to say “take your meds’ or a cryptic message only they
understand instead.

Customizability

Nearly all participants found the male avatar acceptable, but 4
stated they would like to be able to choose a female version
(specifically a white nurse). They enjoyed the concept of the
avatar and desired customization that sometimes reached beyond

Dworkin et al

the budget and timeline for the project. For example, inthefifth
focus group, a participant recommended that the avatar have
his (the user’s) own face and voice.

Make him functionable like | can brush his hair or
take his medicine, drink water, get rest. Have the
alarmclock to be aware of hismedicine. [Focus group
1]

Have everybody create the avatar that they like. That
way everybody’s can bedistinct. They don’t say, “ Hey
you got that thing on your phone!” [Focus group 3]

Throw a lady in there as a choice. [ Focus group 4]

Although we considered these recommendations, not all were
feasible, given the budget and timeline of the project. Changing
the avatar’s clothing, accessorizing him (such as with glasses
or a stethoscope), modifying his background (such as office
setting), and adding or subtracting hair were built into the app
in response to requests.

Information

Participants were read a dialogue from the “Let Me Explain”
component and provided feedback that led to the devel opment
of additional content (eg, signsand symptoms of syphilis, taking
ART with alcohol, ART side effects, and additional basic HIV
and ART adherence information), as well as overal
improvements in the dialogue to improve comprehension and
relevance. Partici pants suggested that the avatar dia ogue should
be combined with imagery to reinforce complicated topics (eg,
the meaning of an elevated vs undetectable viral load and
affirmed or offered ideas for images).

Figure2. Anillustration that appears during the answer to “What isavira load?’ Responding to the question, the avatar explainsin arelational way,
“You can think of the viral load as the load of virus you're carrying around. You don’t want to carry around a big load of thisvirus. Right? So you want

the doctor to tell you that your viral load islow.”
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The illustrations are a better way of explaining it.
Sometimes | still get confused, the CD4 confused with
the viral load. [Focus group 2]

Asaresult of thisfeedback, illustrationswereincorporated into
several answers (Figure 2).

Motivation

Partici pants were enthusi asti c about the inclusion of motivational
messages that appeared throughout the app, which addressed
ART adherence, retention in care, advocating for their needs
during appointments, and app function use, including the “Let
Me Explain” function’s questions and answers. However, they
varied on their preference for positive versus negative
encouragement. Some felt that HIV was “like a dog that is
barking at you” and can be locked up in a cage by taking
medication regularly and that this was a good way to motivate
adherence and retention in care. However, othersrejected it and
favored positive imagery. One participant recommended that
taking medication could be thought of like keeping one’s hands
on a steering wheel to maintain control, and this language was
adopted and found acceptable to the subsequent focus group.
Participants also discouraged any intonation in the avatar's
voice that sounded harsh or commanding. They welcomed that
the avatar acknowledged their concerns and used “ straight talk”
to motivate like a friend or relative would. These concerns
included advocating for their needs during a medical visit,
struggling with adherence, being afraid to take medication,
getting help with depression, and asking for re-explanation of
health information they did not understand. Furthermore, one
participant gave an example of having got clarification about
his neuropathy that led to his doctor addressing his problem.

| have neuropathy too. | asked the doctor. He said it
comefromthedisease, not the medicine. If | wouldn't
have asked, | kept going along like it's ok...|
advocated for myself. [Focus group 1]

Some people need that push from your parent. My
mother said, “ boy if you don’t take your medicine
I’m not coming to your funeral.” [Focus group 1]

“Have avatar tell to take a walk in the park or other
motivating language” when depressed. “ Some people
shuts down!” “ See a family member, tell somebody

that’s on the same level as me” [Focus group 1]

“When | get any depression, | don’t want to take any
medicine’ Regarding avatar dialogue recommending
avoiding isolation and activities to try when
depressed: “ That'll keep me more motivated. | like
that” [Focus group 2]

When someone jumps on my back about something,
| get rebellious. Better with a smooth voice, asif they
have love for you. My doctor at first irritated me too
bad so we almost got in afist fight. | got up and left.
[Focus group 4]

Keep your hand on the steering wheel. You got to go
straight. You can control your own choice. Its gonna
eventually turn. But if you keep your hand on the
wheel, you got control. [ Focus group 4]
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In response to the feedback, the avatar specifically motivates
the user to advocate for himself. However, it was not clear
whether harsh language (referring to one’s funeral) delivered
by the avatar (as opposed to a loved trusted person like one's
mother) would be received well so no such language was
included. Similarly, the language was edited to be soft, positive,
or affirming, and the activities the avatar suggested in response
to feelings of depression were those offered by the participants.

In the fifth focus group, participants approved of avatar-spoken
motivational statements that would initiate upon entering the
app (after its first-time use). The avatar would greet the user
with a question such as, “Do you know what | think?’ or “Do
you want to hear metalk about depression?’ If the user clicked
yes, the avatar provided a brief statement derived from the focus
group discussion such as how social support from a trusted
person can help with adherence. In the fifth group, users
supported the concept of adding audiorecordings of real people
(young HIV-positive African American MSM and health care
professionals) giving a brief motivational message. In this study,
we recorded 11 people (5 young African American MSM and
6 health care professionals, including 2 doctors, 1 nurse, 1 nurse
assistant, 1 pharmacist, and 1 mental health provider) who spoke
for 1-2 minutes each. To hear one of these real people
recordings, the user would respond to the avatar asking, “Do
you want to hear what afriend of mine says?’

Motivational messaging was integrated with many of the “Let
Me Explain” responses. For example, when the avatar explains
the viral load, language affirming adherence self-efficacy is
included. The response to a question about how often to see a
health care provider emphasizes the importance of keeping
appointments. Similarly, in the final version, an explanation of
the benefit of taking HIV medication expresses that “you can
handle” the twists and turns of the road of life“ by keeping your
hands on the wheel,” and an optimistic closing statement
follows: “Good luck with your personal goals. Enjoy that full
life! You'll get there.” Participants voiced and offered some of
these incorporated motivational phrases or sentences.

Behavioral Skills

Participants provided suggestions for how the app could address
needed behavioral skills to adhere to ART and stay in care.
Some participants thought that the ability to track and observe
trends in CD4 counts and viral load was “a good idea” but
advised that the avatar should “explain how to read the graph.”
Participants also approved of reminder functions. However,
they encouraged that reminders should be available for other
health care events such as blood draws. In response to their
feedback, explanatory dialogue concerning the trends and
reminder functions for medication taking, appointments, and
blood draws were added to the app as choices on a scroll bar,
aswell asan option of “Other” to accommodate other potential
events. A participant recommended a dictation-like function to
record concernsto be shared at future health care appointments;
this capability was placed on alist for the future work because
it was not accomplishablewithin the 1-year timeframe available
for development.

Alarm is a good thing to alert—or to pick up
medication too—or to make your appointments, like
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getting blood work. Have avatar ask about “1'm
wondering what's causing my low platelets” It could
take notesand tell to ask the doctor about this. [Focus
Group 1]

Discussion

Principal Findings

These focus group data demonstrate the value of the iterative
development of technology-based health interventions.
Enthusiasm for a theory-based mobile phone app that used a
talking realistic human avatar-like embodied agent was strong
across al five focus groups conducted with young African
American MSM. Their feedback helped to design and refine
theapp for closer alignment with their preferencesfor the receipt
of app-based information, motivation, and skills. By the final
focus group, much of the discussion was an affirmation of the
more fully devel oped app and a unanimous request to download
the app onto their mobile phones. These findings would help
to move the field of adherence research forward. For example,
young African American MSM living with HIV liked the idea
of amobile phone avatar-based app approach to adherence and
retention in care. While negative messages and images were
not wel comed by some young African American MSM, positive
messages and images were welcomed by all. In addition, this
study reveal ed that the design of ahealth app for this population
must consider stigma at many levels of interaction (eg, icon,
tab appearance, reminders, and password protection).

Many participants described the role HIV- and sexua
identity-related stigmaplaysin their lives and how an app-based
intervention should not contribute to this problem. They
explained how having an HIV-related app on their phone could
place them in situations that could inadvertently result in the
disclosure of their HIV status or sexuality. App features, such
asan HIV-related icon, reminders, and notificationsfor the ART
use, may draw unwelcome attention. Similarly, if they wereto
store private information, such as viral load, CD4 count, and
medication data, access to the app must be password protected,
and time-out features after a period of nonuse were expected.
Participants’ input helped to modify the app and strengthen its
acceptability, as the icon was made to appear uninteresting,
reminders and notifications were designed to be customizable,
password entry was required for use, and password entry was
required for re-entry after the app automatically closes when
the nonuse time reaches 5 minutes. Goldenberg et a conducted
focus groups to help develop an app for the HIV prevention in
MSM [24]; similar to our study, they found that an app for MSM
needed to make them feel safe and was trustworthy. Liu, in a
focus group study of patients with chronic diseases in Beijing,
reported that worrying about the privacy of personal information
was the main reason for not using a health-related app [24,25].
These studies support the prioritization of privacy when
designing a mobile phone health app for young African
American MSM living with HIV.

A critical part of the development of an avatar or embodied
agent intervention is the dialogue. Participants expressed
universal enthusiasm for positive motivational statements,
whereas the use of negative motivational statements was

http://mhealth.jmir.org/2018/7/€10211/
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controversial. Hence, we chose to edit the dialogue to remove
negative statements and images that participants could not all
agree were acceptable to maximize the acceptability.
Accordingly, we replaced these statements with participants
suggested language and images. While, al participants found
educational images of disease acceptable to view (such as a
tongue with thrush or an x-ray with pneumonia), images of an
ill avatar or statementsthat allowed oneto be directly reminded
that they have AIDS were strongly rejected by severd
participants. Furthermore, negative images can overwhelm users
and make then want to turn off the app and not return to it.

An advantage of our approach was that the motivational
language could be inserted throughout the app. In the context
of the information-motivation-behavioral skills modd,
motivation isakey component that can drive behavioral change,
especialy ART adherence [16,26]. Similar to the practice of
motivational interviewing, the avatar’'s dialogue was intended
to move the users away from indecision and toward adherence
and retention in care [26]; this kind of language contributes to
the relational aspect of the avatar and may allow users to feel
that the avatar cares about them.

Among the behavioral skillsthat mobile phone apps can promote
are reminder and notification functions, especially when
combined with other interventions and delivered weekly rather
than daily [27,28]. Such functions are typically available on
mobile phones such as calendar aerts. However, while such
capability was already on their phones, participants did not
report the common use and welcomed these functions in this
app. Although the avatar announces that such functions are
available during the initial interaction, it is uncertain whether
having the functionsin the app will lead to their use or will they
be effective. It is possible that encouragement to use reminders
in persons who are receptive to them will be most effective if
it comes from a health care provider or case manager who may
introduce the app to them. Such an interaction might include
setting reminders as part of the appointment where the app is
used as an intervention. Future research piloting the app will
determine the frequency of the use of thisfunction independent
from such human assistance. While anotification by itself might
be insufficient in producing ART adherence change, this app
allowsfor user customization of the message, and thisfunction
was integrated into a broader experience.

Previoudly, low health literacy has been associated with poor
ART adherence and retention in care [17-22]. A talking avatar
may help overcome thisbarrier by providing information in an
audiovisual format allowing for an instruction that goes beyond
the usual practice in outpatient settings where providers may
have limited time for instruction, patients might be reluctant to
ask for an explanation, and medical jargon may be used that
patients do not understand. Another advantage of amobile phone
avatar app is that information can be replayed to overcome the
distraction or emotional impact when aprovider says something
upsetting and the patient cannot concentrate on the information
provided immediately after. In this study, the participantsin the
focus groups were eager to learn new information and
acknowledged that they had learned from the avatar dialogue.
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The avatar's appearance was important to them to ensure he
appeared credible. Although they welcomed customizability
with casual clothing, they expected him to be dressed in a
professional manner asadefault. Furthermore, there wasawhite
racial preference by some participants for afemale dressed as
anurse. The future app development will offer this option.

Limitations

The limitations of this study include the generalizability. The
focus groupsincluded only 16 participants and were performed
in only one city. We focused on young African American MSM
because of their relatively high HIV incidence and poorer

Dworkin et al

Conclusions

We devel oped atheory-based, relational realistic talking human
avatar-like embodied agent mobile phone intervention to
promote HIV medication adherence and retention in care in
young HIV-positive African American MSM. We used an
iterative approach that hel ped to ensure that the app devel opment
considered thedesires and concerns of users. An avatar mHealth
approach was acceptable to this population, and its relational
nature may make it an effective method of informing,
motivating, and promoting health behavioral skills. We propose
that this app may be especialy helpful if recommended and

initially overseen by a case manager or health care provider
when apatientisinitiating ART or isrecognized to be struggling
with adherence or retention in care. The next step for thiswork
isapilot study to determine the preliminary efficacy.

adherence and retention in care[1,28]. In addition, participants
had to own a mobile phone. While the intervention can be
modified for delivery on a computer, we do not know whether
this broadening of the audience would influence preferences.
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Abstract

Background: Telemonitoring has shown promise for alleviating the burden of heart failure on individuals and health systems.
However, real-world implementation of sustained programsis rare.

Objective: The objective of this study was to evaluate the implementation of a mobile phone-based telemonitoring program,
which has been implemented as part of standard care in a specialty heart function clinic by answering two research questions:
(1) To what extent was the telemonitoring program successfully implemented? (2) What were the barriers and facilitators to
implementing the telemonitoring program?

Methods: We conducted alongitudinal single case study. The implementation success was evaluated using the following four
implementation outcomes: adoption, penetration, feasibility, and fidelity. Semistructured interviews based on the Consolidated
Framework for Implementation Research (CFIR) were conducted at 0, 4, and 12 monthswith 12 program staff membersto identify
the barriers and facilitators of the implementation.

Results. Oneyear after the implementation, 98 patients and 8 clinicians were enrolled in the program. Despite minor technical
issues, theintervention was used asintended. We obtained qualitative datafrom clinicians (n=8) and implementation staff members
(n=4) for 24 CFIR constructs. A total of 12 constructs were facilitators clustered in the CFIR domains of inner setting (culture,
tension for change, compatibility, relative priority, learning climate, |eadership engagement, and available resources), characteristics
of individuals (knowledge and beliefs about the intervention and sel f-efficacy), and process (engaging and reflecting and evaluating).
In addition, we identified other notable facilitators from the characteristics of the intervention domain (relative advantage and
adaptability) and the outer setting (patient needs and resources). Four constructs were perceived as minor barriers— the complexity
of the intervention, cost, inadequate communication among high-level stakeholders, and the absence of aformal implementation
plan. The remaining CFIR constructs had a neutral impact on the overall implementation.

Conclusions: Thisisthefirst comprehensive evaluation of theimplementation of amobile phone—based telemonitoring program.
Although the acceptability of the telemonitoring system was high, the strongest facilitators to the implementation success were
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related to the implementation context. By identifying what works and what does not in a real-world clinical context using a
framework-guided approach, thiswork will inform the design of telemonitoring services and implementation strategies of similar

telemonitoring interventions.

(JMIR Mhealth Uhealth 2018;6(7):€10768) doi:10.2196/10768

KEYWORDS

Consolidated Framework for Implementation Research; eHealth; heart failure; implementation; telemonitoring

Introduction

Methods

Heart failure telemonitoring systems are developed with the
objective of reducing mortality and hospitalizations and
improving patients’ quality of life[1]. However, despite patient
acceptance [2-4], the diffusion of these servicesislagging [5].
Meta-analyses tend to support claims of the positive impact on
heart failure outcomes [1,6-9]; however, important
inconsistenciesin the evidence persist [ 10]. Inconsistencies are
believed to result from the heterogeneity of theintervention and
patient populations used in primary studies and the lack of
consistency with which interventions are used (ie, fidelity) in
clinical trials[10]. Much remains to be learned on how to best
implement telemonitoring interventions such that true
effectiveness can be measured and their benefits be fully
realized.

Systematic reviews present extensive lists of various barriers
and facilitators to telemonitoring implementation [11-13].
External barriers include the lack of a clear business model in
single-payer health systems [14] and the lack of acceptable
reimbursement methods for clinician users [15]. Furthermore,
clinician adoption is influenced by the quality and usability of
the technology, compatibility of the intervention with existing
work processes, and intrinsic clinician motivation to adopt
telemonitoring as part of their practice [11-13]. In fact, arecent
review found that the challenge presented by new and often
ill-defined clinician roleswithin changing workflowswas akey
factor in leading to the failure of eHealth interventions [16].
One multisite qualitative study similarly highlights the
importance of contextual factorsfor clinician adoption, including
the degree of support clinicians receive in their new roles and
alignment with organization objectives [17]. However, most
telemonitoring implementation studies have been conducted
retrospectively, which does not allow for a robust analysis of
how these barriers and facilitators exert their influence over the
entireimplementation period. In addition, few studiesreport on
guantitative outcomesto justify judgments of theimplementation
success or failure.

A mobile phone-based telemonitoring program called Medly
was implemented as part of the standard of care at a specialty
heart function (HF) clinic in Toronto, Canada. This program
features a system that has previoudy demonstrated
improvementsin clinical outcomes, patient self-care, and quality
of life [18]. The objective of this study was to evaluate the
implementation of the Medly program by answering two
research questions: (1) To what extent was the Medly program
successfully implemented? (2) What were the barriers and
facilitators to implementing the Medly program?
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Study Design

This study used a longitudina single case study design. The
case was defined as the telemonitoring intervention and the
implementation site as described below for one year following
the enrollment of the first patient (August 23, 2016). The units
of analysis for this evaluation were the Ted Rogers Centre of
Excellence for Heart Function (HF clinic) and program staff
with data for determining the implementation success being
collected through a document review. In addition, barriers and
facilitators were assessed using semistructured interviews with
program staff guided by the Consolidated Framework for
Implementation Research (CFIR) [19]. Notably, the patient
perspective, including reasons for use, adherence, and
withdrawal will feature in an upcoming publication. In this
study, data collection was conducted within the context of a
larger quality improvement program evaluation [20], which has
been approved by the University Health Network (UHN)
Research Ethics Board (16-5789).

Intervention

The Medly program consists of two components: (1) the
technology (hardware and software) and (2) the
human-dependent interactions and services.

Medly Technology

The patient-facing technol ogy includes the Medly mobile phone
app, which works by alowing patients with heart failure to
record the following three parameters: (1) weight; (2) blood
pressure; and (3) symptoms. Based on these data inputs by
patients at home, the Medly app, which contains a rule-based
algorithm customi zed according to patient-specific target ranges,
displays self-care messages and generates derts that are
automatically relayed to a clinician when signs of clinically
significant health status deterioration occur. Patients were
instructed to record the three parameters daily, and they would
receive an automated phone call if they had not done so before
10 am; this was intended to assist with compliance. For the
launch of the program, each patient was provided with all the
required equipment, which includes amobile phone with adata
plan, aBluetooth-enabled weight scale, and a Bluetooth-enabled
blood pressure monitor.

The clinician-facing technology seeks to support the
management of the patient alerts; this is primarily conducted
through a Web-based interface (ie, the dashboard) containing
alist of patient alerts, graphs showing patient-level trends of
the three clinical parameters monitored, and heart
failure-specific lab results. In addition, clinicians have the option
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of receiving alertsthrough automated emails, which contain the
latest weight, blood pressure, and symptoms. Furthermore, the
email contains the patients current medication list, heart
failure-related laboratory results, and contact information.

Medly Services

Enrollment into the program was based on clinical judgment.
After discussing the program with patients, a clinician, ie, a
cardiologist, a nurse practitioner (NP), or aresident, fillsout a
form to indicate the desired target ranges needed to customize
thealgorithm. Then, atelehealth analyst (THA) provides patients
with the Medly technol ogy and training on how to useit. When
alerts are triggered, they are viewable by patients treating
cardiologist and NPs. The clinicians might act independently
or communicate among themselves by email or in person to
determine the best course of action. If required, aclinician will
follow up with patients either by phone or email, documenting
all actionsand decisionsin the hospital electronic medical record
(EMR). Furthermore, patients and clinicians are instructed to
contact the THA to receive the technical support, if required.

Implementation Site

The HF clinic, part of UHN, is a high-volume specialty care
clinicfor patientswith heart failurein Toronto. Theintervention
was developed by UHN’s Centrefor Global eHealth Innovation
(eHI) in close collaboration with clinicians from the HF clinic.
The THA isemployed by the UHN Telehealth Department with
25% of their time dedicated to supporting the Medly program.
TheHF clinic, UHN telehealth services, and eHI are physically
located in the same building.

Implementation Strategy

Preparations for the program launch included the development
of training materias for patients (user manua and training
checklist). In addition, clinician userswere provided with auser
guide and a training session lasting approximately 1 hour.
Moreover, members of the eHI team followed a service design
methodology, consisting of mapping clinic workflows and
producing a service blueprint for the Medly program, which
sought to minimize the disruption to existing HF clinic
processes.

Implementation Outcomes

We selected 4 implementation outcomes from Proctor et a’s
Implementation Outcomes Framework as measures of the
implementation success[21]. In addition, data on the outcomes,
defined below, were collected after 4 and 12 months of the
launch through a document review process and semistructured
interviews.

« Adoption: The number of clinicians deciding to monitor
patients using the Medly system.

« Penetration: Thelevel of integration of the Medly program
within the existing services of the HF clinic.

- Feasihility: The extent to which the Medly program can be
successfully used by patients.

- Fidelity: The extent to which the Medly program is being
used asinitialy intended.
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Barriersand Facilitatorsto | mplementation

Semistructured interviews were developed based on the
constructs of the CFIR, which provides a pragmatic organization
of theory-informed constructs known to impact the
implementation success across the following 5 domains: (1)
intervention characteristics; (2) outer setting (eg, patient needs
and resources, external policy and incentives, etc); (3) inner
setting (networks and communication, implementation climate,
readiness for implementation, etc); (4) characteristics of
individuals; and (5) process[18]. Further interview probeswere
developed to explain the quantitative implementation outcome
indicators. Moreover, interviews were conducted prior to the
program launch, and again after 4 and 12 months, each session
lasting 30-60 minutes. Of note, all adopting clinicians and eHlI
Medly program staff were invited for participation. In addition,
clinicians who had not adopted the system by 12 months were
also invited to participate. All interviews were recorded and
transcribed for later qualitative analysis.

Data Analysis

The interview transcripts were analyzed by two independent
investigators (PW and KG) using the Framework Method [22];
this involved a largely deductive thematic analysis using a
codebook based on the CFIR constructs [19]. PW and KG
independently coded the transcripts and then met to discuss
contradictory codes and passages. The management of source
documents and coding was done with the help of NVivo version
11 (QSR International, Doncaster, Victoria, Austraia). To
determine the degree to which the barriers and facilitators
impacted the implementation, valence ratings were attributed
by PW and KG to each construct according to the criteria
outlined by Damschroder et al [23]. Qualitative findings and
valence ratings were validated during a meeting with key
members of the clinician and eHI program staff (n=6).

Results

Study Participants

In this study, 8 clinicians participated. One cardiologist, who
was the only clinician who had not adopted the technology
before the end of the study period, did not respond to requests
to be interviewed prior to completion of the manuscript. Table
1 showstheinterview schedule and the role of each participant.

Implementation Outcomes

Table 2 presentstheresults of implementation outcomes, which
are discussed below.

Adoption and Penetration

The program was launched with 3 clinician users (1 cardiol ogist
and 2 NPs). By the 12-month time point, 5 additional
cardiol ogistswere monitoring patients using Medly, representing
an increase in the penetration of the Medly program in the HF
clinic from 38% to 89%, a diffusion pattern that is explained in
theinterviews.
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Table 1. Study participants and timing of interviews. An "X" incicates an interview was conducted at the specified time point.

Study identifier Rolein the program Role descriptor Basdine  4months 12 months

Clinician 1 Cardiologist and clinical lead of the Ted Early adopter X X
Rogers Centre of Excellencefor Heart Function

Clinician 2 Nurse practitioner Early adopter X

Clinician 3 Nurse practitioner Early adopter X X X

Clinician 4 Cardiologist L ate adopter (9 months) X

Clinician 5 Cardiologist Late adopter (11 months) X

Clinician 6 Cardiologist Late adopter (11 months) X

Clinician 7 Cardiologist L ate adopter (11 months) X

Clinician 8 Cardiologist Late adopter (11 months) X

eHeath 1 Project manager Left on maternity leave after 4 months X

eHedlth 2 Project manager Replaced original project manager

eHealth 3 Program operations lead New position was created after 3 months

eHealth 4 Telehealth analyst

Table 2. Implementation outcomes indicators.

Implementation outcome® and indicator

4 months 12 months

Adoption
Number of clinicians having decided to use Medly to monitor patients 3 8
Penetration
Percentage of clinicians using Medly over the total number of potential clinician usersin the Ted Rogers Centreof 38 89
Excellence for Heart Function
Feasibility
Cumulative number of patients enrolled in the Medly program 42 98
Cumulative number of patients removed from the Medly program for clinical reasons (eg, received a heart transplant) 0 8
Cumulative number of patients having chosen to leave the Medly program 0 5
Number of deaths (all unrelated to the program) 1 5
Fidelity
Cumulative number of calls or emails made to the telehealth analyst for technical assistance 56 195
Cumulative number of requests for changes to the Medly technology 15 72

& mplementation outcomes are defined in the framework by Proctor et al [21].

All participants described how the Medly program wasinitially
only open to the 3 clinicians who were most actively involved

in its development. By the 11" month of the program, the
clinical lead of the HF clinic decided to open its availability as
a resource to other cardiologists. Many of the later adopting
clinicians had always expected to be involved and were simply
waiting to be invited.

| had no involvement a year ago, | was aware of it,
and very supportive of it... [ The request] probably
came through [Clinician 1] finally saying “ we're at
a mature point, Medly is really working, we have
good capacity, let's let the others in...I was just
waiting to see when it would happen. [Clinician 7]

Although all cardiologists who adopted Medly after the initial
launch had a similar perspective, some were concerned about
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thetimeit would add to their workday. They ultimately decided
to participate because they felt a responsibility to share in the
workload being taken on by their colleagues. Another important
factor swaying their decision was a concern that they could be
excluded from their patients’ circle of care.

I’d like to be more involved but | also like to know
that | havethetime... | think [the reason | decided to
participateis] just a sense of fairness. | think it’sjust
not fair for one person to take over the ownership of
it. Again, that speaks to the sustainability. It's not
sustainable for one physician or one nurse or one
healthcare professional to be remote monitoring all
the data and all the patientsall thetime...Inthiscase,
it'sacardiologist that | know and trust very well...But
again, you don’'t want to be left outside the circle of
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care for a patient that is your patient and your
responsibility. [Clinician 5]
Feasibility
By 12 months, 98 patientswere enrolled in the Medly program;
thiswasalower number than initially anticipated andis partialy
explained by a low initial penetration within the clinic. In
addition, throughout the implementation, clinicians began to
realize that patients benefited differently depending on their
disease severity, ability to use the technology, ability to adhere
to taking measures, and receptivity to self-care messages, which
led to clinicians becoming more selective of which patients
were enrolled.

| also think and | respect that they're doing their due
diligence...about actually finding the right patients.
The clinicians need to make sure they're only
targeting patients that would benefit and not someone
that they'll just take off after a week...So of course,
it's a little difficult on their side. They have to do a
lot, you have to think a lot more about it. But | feel
like they're being more mindful about it. [eHealth 4]

Feasibility is also demonstrated by the relatively low number
of patients who chose to stop using the system (n=5).
Additionally, 5 patients passed away during the evaluation
period. These deaths were determined to be unrelated to the
Medly program and were explained by clinicians as being
reflective of the severe disease state of the patient population.
Fidelity

Overdll, the intervention is generally being used as intended
with clinicians reviewing all aerts generated by Medly,
following up with patients when necessary, and documenting
al actionsin EMR. The Medly program was launched with the
idea that both the system and the service would continue to
improve and evolve over time. Throughout theimplementation,
the THA received 159 calls from patients and 36 calls from
clinicians related to problems with the system (eg, receiving
adherence calls when they had taken their readings, usability
issues, and general connectivity problems between the phone
and the peripheral Bluetooth equipment), all representing
examples of when the system was not working as intended.
However, these, as well as the 72 documented feature requests
by patientsand clinicians, are evidence of aproperly functioning
quality improvement mechanism.

Barriersand Facilitators of Implementation

Table 3 describes the barriers and facilitators of the
implementation along with avalencerating signifying the degree
to which it had an impact on the implementation of the Medly
program. Unless otherwise discussed, valences were relatively
consistent throughout the entire 12-month implementation
period.

I ntervention Characteristics Domain

Evidence Strength and Quality

Clinician participants acknowledged ambiguity in theliterature
of the impact of telemonitoring for heart failure. However, this
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did not impact the implementation for reasons identified in the
construct knowledge and beliefs about the intervention.

Relative Advantage

The Medly program was perceived as having a relative
advantage over alternative telemonitoring options. Unlike many
telemonitoring systems, Medly measures multiple clinical
parameters and offers algorithm-based self-care instructions
with structured telephone support when necessary.

It's another version of what other people have tried.
It has more elements than just daily weight because
| think we know that daily weights are inadequate for
measuring the state of somebody's heart failure. It
can [also] be used with other things, structured
telephonefollow up as needed. | think theinteractions
with the nursing staff are an important value add
related to Medly. [Clinician 5]

Adaptability

Many statements revealed the adaptability of both the
technology and service components of the Medly program,
giving this a strong positive valence. Examples include
flexibility in how clinicians perform program-related tasks (eg,
documentation), workflow adaptations to make more efficient
use of the THA's time, and changes to the Medly algorithm.

Pulling us out [of the clinic] was a good change.
That's more to the workflow...When it comes to the
actual product, there have been changes, well a lot
of feature reguests to change the algorithm or to
change some copy of the alert and things like that...
There are multiple examples of how algorithm
changes have already been made and that has hel ped.
[eHealth 4]
Complexity
Several statements revealed the complex nature of the Medly
program, giving this construct a negative valence in the early
stages of the implementation. Examples of complexity include
(2) need for extensive documentation, (2) relying on engagement
from patients, (3) challengesinidentifying program candidates,
(4) communicating patient information between Medly
clinicians, and (5) setting algorithm parameters.

The biggest time for me is having to create all these
communication notes in [the EMR] to document my
conversations with people. [Clinician 3]

The patient also has an almost 50/50 responsibility.
They don’'t have to be there when | call, but if | leave
amessageand if | leave a call back number...I expect
that someoneis going to call me back. [Clinician 3]

There is no literature out there to clearly say who's
theright person...I mean peoplethat I’velearned are
more challenging are people with cognitive
impairment and people who, for a variety of reasons,
aren’t engaged enough to respond when we contact
them. [Clinician 3]
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Table 3. Vaence ratings assigned to Consolidated Framework for Implementation Research constructs.

Domains and constructs® Operational definition® Rating assigned
to construct?

|. Intervention characteristics

Evidence strength and quality Perception of the quality and validity of the evidence supporting the use of 0
telemonitoring for heart failure.

Relative advantage Perception of the advantage of implementing the Medly program versusanal- +2
ternative solution.

Adaptability The degree to which the Medly program can be adapted to meet the needsof ~ +2
the HF clinic®.

Complexity (reverse rated) Perceived complexity of the Medly program as reflected by the degree of diss -1

ruptiveness to existing workflows and number of stepsinvolved in using the
intervention as intended.

Design quality and packaging Perceived quality of the Medly program (technology and service components) 0
and how well these components are bundled and work together.
Cost Financial and opportunity costs of implementing the Medly program. -1
I1. Outer setting
Patient needs and resources The degree to which heart failure patients' needs are known and prioritized by +2
the HF clinic (ie, patient-centeredness).
External policy and incentives Policies and incentives that support or hinder the implementation of telemoni- 0
toring programs.
I11. Inner setting
Networks and communications The quality of the communication networks that support theimplementation -1
and daily operations of the Medly program.
Culture Norms and values of the HF clinic and UHNY. +2

Implementation climate

Tension for change The degree to which stakeholders perceive a need for change in the clinical +2
management of patientsin the HF clinic.

Compatibility The degree of fit between the Medly program and the HF clinic’svalues, norms, +1
needs, and existing workflows and systems.

Relative priority Stakeholders' perception of theimportance of implementing the Medly program.  +2

Learning climate The degree to which the HF clinic and UHN have a climate that providestime +2

and space for reflective thinking and that allows team membersto feel essential,
valued, and safe to try new methods.

Readiness for implementation

L eadership engagement Commitment, involvement, and accountability of the HF clinic lead. +2

Available resources Thelevel of resources dedicated for theimplementation and ongoing operations  +2
of the Medly program.

Access to knowledge and information Ease of access to digestible information and knowledge about the Medly pro- 0

gram and how to incorporate it within existing HF clinic workflows.

IV. Characteristics of individuals

Knowledge and beliefs about the intervention  Clinicians’ attitudes toward and value placed on the Medly program. +2

Self-efficacy Clinicians' and telehealth analyst’s belief in their own capabilitiesto execute  +2
their role within the Medly program and achieve implementation goals.

V. Process

Planning The degreeto which aplan for implementing the Medly program wasdeveloped -1
in advance and the quality of that plan.

Engaging

Opinion leaders Individualsin the HF clinic who have aformal or informal influenceonthe  +1
attitudes and beliefs of their colleagues with respect to implementing the
Medly program.
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Domains and constructs® Operational definition® Rating assigned
to construct?
Champions Individuals who dedicate themselves to supporting and overcoming barriers ~ +2

to the implementation of the Medly program.

Executing Carrying out or accomplishing the tasks needed to support theimplementation 0
of the Medly program.

Reflecting and evaluating Feedback about the progress and quality of the implementation along with +2

regular debriefing about progress and experience.

#The constructs and operational definitions are adapted from the Consolidated Framework for Implementation Research [19].

bDefinitions of valence rati ngs are adapted from Damschroder et a’s study [23]: —2, the construct had a strong negative influence on the implementation
effort; —1, the construct had a minor negative influence on the implementation effort; 0, the construct had a neutral influence on the implementation
effort. Alternatively, different aspects of the construct had a positive influence, while others had negative influence: +1, the construct had a minor

positive influence on the implementation effort; +2, the construct is a strong
®HF clinic: Ted Rogers Centre of Excellence for Heart Function.
9UHN: University Health Network.

If [another clinician], for example, has had to deal
with several alert-related issues for a particular
patient, how is that information then communicated
over to me...if there's someissue | have to follow up
on? [Clinician 2]

[Ancther challenge] is this idea of trying to guess
what your range of variation is going to be for each
patient [when setting parameter thresholds for the
algorithm]. I think there are probably more accurate
mathematical models to try to come up with that
rather than me sort of flipping a coin and deciding,
“Okay, it's going to be 3 pounds + or —, or 2.5
pounds” [Clinician 6]

As these challenges were identified and solutions to mitigate
their impact implemented, the complexity of the program was
no longer viewed as negatively impacting the program’s
continued growth.

Design Quality and Packaging

Genera satisfaction with the Medly program and its design were
a pervasive theme throughout the interviews. However, some
design-related factors were perceived as barriers to continued
growth of the program and sustainability even if they did not
significantly impact clinician adoption. For example, clinicians
expressed adesirefor amore seamlessintegration with existing
technologies and workflows by (1) integrating the dashboard
with the hospital EMR to facilitate documentation, (2) making
the dashboard available on mobile devices, (3) providing more
patient details in the dashboard, and (4) alowing for multiple
patient-clinician communication modalities (eg, short message
service text messaging).

| really wish it worked on my iPhone or my iPad,
particularly in the odd time where [ Clinician 1] has
been away and I’ ve had to do it on the weekend, you
know, or [when] | needed to check something when
| was trapped in New York and | couldn’t work
remotely because | can't get it on my phone.
[Clinician 3]

| find dashboard right now is very intuitive. | think
the part that | find really challenging is that | have
to usually have[the EMR] open with Dashboard and
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positive influence on the implementation effort.

so it would be nice to have some patient information
inthe Dashboard so that you' re not having to go back
all the time between those two platforms. The other
thing | would say, they're minor things but you know,
contact information for patients. Not simply just one
phone number but also an email at the top or the
ability to text a patient or do something likethat that's
good for you to kind of manage clinical alerts.
[Clinician 2]

Cost

Most of the costs associated with implementing the Medly
program were related to the equipment, which were perceived
as high and unsustainable. However, plans are being made to
reduce costs by having patients use their own devices. The other
major cost involved the THA's time, which was higher than
initially anticipated.

Currently the system is CAD $2200 a pop for the
phone, the data plan, the weight scale and the cuff so
obviously, we don't yet have a mechanismto pay for
that and thankfully through [ philanthropy] we'll be
able to cover the costs of the program. [Clinician 1]

I think with time, we can drive the cost of [ equipment]
down. As we move to “ bring your own device the
phone costs [will] matter less... Where | think we' ve
gone over budget [is that] we had anticipated that
[telehealth] support would cost 25% of a person’s
timeand | thinkit's coming closer to 50-75% of their
time...and that overflows into the rest of the teams.
[eHealth 2]

This construct received a ranking of —1 because although the
equipment cost was not a large initial barrier due to
philanthropic funding, it wasabarrier to program sustai nability
that would need to be addressed. Furthermore, although the
additional THA time requirements did not significantly impact
the Medly implementation, it did have important opportunity
costsrelated to that individual’s ability to work on other projects.
A forma economic evaluation of the impact of the Medly
program from the perspectives of patients, HF clinic, and public
payer will be published subsequently.
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Outer Setting Domain

Patient Needs and Resour ces

This construct represents the idea that the implementation site
comprehends and seeks to address patients' needs. Numerous
examples of the HF clinic’s patient-centered approach to care
made this a strong facilitator.

It's a very supportive environment for patients and
families, and that is something that | repeatedly hear
in clinic, especially patients who have been in the
clinic for along period of time, how thankful and how
grateful they are for the care that they receive. You
hear this a lot, people just...they don’'t want to go
somewhere else. [Clinician 2]

External Policy and Incentives

This construct had a neutral impact because athough the
program was perceived as compatible with government policies
seeking to encourage more comprehensive chronic disease care
outside of the hospital, factors like regulation, funding, and
clinician reimbursement were flagged as crucial barriersto the
program’s sustainability.

Any tool that we can develop that will actually
improve patient-centred care...and potentially impact
communication between different members of the
team, which isthe ultimate goal of Medly...areall in
line with where the ministry of health is taking us.
[Clinician 1]

Inner Setting Domain

Networ ks and Communication

Three networks of communication wereidentified ashaving an
influence on theimplementation success. First, communication
within the HF clinic was described as generally good and had
apositiveinfluence. Second, communication between clinicians
and the THA involved in the day-to-day operations of the Medly
program was al so perceived as positive for theimplementation.
Finally, communication among high-level stakeholders was
described asan early barrier to theimplementation, particularly
asitisrelated to decision making about the program and having
clear channels to operationalize those decisions. This barrier
was identified and notable improvements were made by the
4-month time point.

In the past, | think it was every possible
channel...There were emails [that] didn't always go
to the same people...Everyone knows what happens
in the meetings, but it's what happened outside of
those meetings where | think things were a lot more
confusing. In addition to that, there was a lot of
back-channel communication happening, and by that
| don't mean between us, but | think between the
stakeholders themselves...and then the rest of us
eventually figure it out. So it was all over the place.
And right now, | think it's consolidated a lot better.
[eHedlth 2]
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Culture

The HF clinic’s culture of teamwork was perceived as having
facilitated both the implementation and the daily operations of
the Medly program.

This hospital islikeworking in a 5-star hospital...we
are a multidisciplinary team, so there are many
peopletaking care of our patients, it'snot just us. It's
fantastic, it's excellent. e are very patient-centred.
In general, the environment or the mood in the clinic
is positive and constructive. [Clinician 8]

Implementation Climate

Tension for Change

Clinician participants were proud of the quality of care they
offered to patients. However, a perceived gap existed between
the current and ideal state. Coupled with a busy clinic with
limited staff and space resources, this created a tension for
change.

[Clinic capacity] is an ongoing concern for me and
I think we're at a bit of a crux where we couldn’t
handle somebody not coming to work and we can't
handle any more volume. [Clinician 1]

Compatibility
The Medly program was perceived as compatible with the values

of the organization and complimentary to existing services
offered in the HF clinic.

Offering patients something different and unique that

is more based on technology that they can use at

home, | think totally fitswith UHN's goalsand vision

with advancing patient care...| don’t see anything

elsethat we're doing that overlapswith what Medly's

doing. | mean, one of the things that we want to try

and do a lot more of is education in the clinic

environment for patients and | think, if anything,

Medly just completely supports those messages that

we give to patients about why salt restrictions are

important and those kinds of things. So | don’t seeit

as a duplication, | think it just kind of nicely fits

together in terms of more comprehensive care for

patients. [Clinician 2]
Early apprehension about increased clinician workloads speaks
of the incompatibility of the telemonitoring program with
existing clinic workflows. However, by the end of thefirst year,
evidence exists that a new normal has been created such that
this initial incompatibility did not significantly impact the
overall implementation success.

| organize my time differently now...I've changed the
way | do things because | can’'t be in clinic doing
clinic and trying to run back and forth because that’s
challenging. So, | try to carve out like at least thefirst
half an hour or hour of my day to deal with Medly
and then | go [to clinic]. [Clinician 3]

Relative Priority

The implementation of the Medly program was perceived as
having a high priority by all participants.
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My understanding is that Medly is a fairly high
priority...A lot of the other [initiatives] are till
important and they're going on simultaneously, but
| would say [ Medly]'s up there. [Clinician 3]

Learning Climate

Participants describe a work environment that values ongoing
quality improvement. They feel the climate offers a safe space
for learning and trying new things, making this construct a
strong positive influence on implementation success.

| work with a great staff, very closely with a few heart
failure physicians who have been fantastic in
advancing my knowledge and teaching me along the
last one year. [Clinician 2]

Readiness for | mplementation

Available resources

Important to the success of this implementation was the
availability of financial and human resources. No hew clinicians
were employed; rather, existing NPs were expected to perform
Medly-related tasks within their salaried hours. Although this
was possible, the added NP workload should not be
underestimated.

[1'am] not complaining about [ responding to alerts]
because that is part of why I'm hired. It's just that
there needs to be, in order for Medly to work, you
have to have a clinician who is devoting time to do
all of that, to answer alerts, to document, and to see
patients that are unwell in clinic. [Clinician 3]

The THA was an additional resource that was hired to support
this program. Flexibility with respect to this resource, both in
terms of quantity of time and time during the day, was an
important facilitator that might not be realistic in other sites.

It makesit alot easier when they call me down to the
clinic or they have a patient come to the clinic and |
amavailableand | can just run down and betherein
five minutes. My worry would be if it was a different
site and they need that kind of instant support. It may
be difficult getting someone there. [eHealth 4]

Funding for the equipment came from philanthropic donations,
thereby mitigating the potential barrier of nonavailability of
funds common in many real-world implementations.

The cogt, although improved, is still anissue, because
right now Medly is being funded [by philanthropy]
and obviously, we're not here to fund it for the
province. [Clinician 1]
Finally, insufficient physical space is a challenge for the HF
clinic and was likely an indirect barrier as clinic rooms are
required for patient onboarding.

What hasn't been solved is the fact that there aren’t
enough resources in terms of rooms, in terms of
workflow around patients getting seen and into the
rooms, we'relimited by the physical space. [Clinician

7]
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Access to Knowledge and Information

Theavailability of the THA to provide on-call and personalized
information about how to use theintervention was animportant
facilitator. However, although clinicians perceive the training
they received to be sufficient, some felt that more
comprehensive training around understanding the algorithm
was required. In addition, the novelty of this program meant
that no clear medical-legal guidelines existed on exactly what
information needed to be documented. Therefore, this is a
challenge that clinician users needed to navigate on their own.

That was a little bit confusing maybe [for us], what
should be documented in terms of alerts and what
should not. So that's kind of just been teased out as
we've been going through it for the last four months.
[Clinician 2]

Characteristics of Individuals Domain

Knowledge and Beliefs About the I ntervention

Clinician knowledge and positive beliefs about the Medly
program likely helped overcome the potentialy negative
influence of the equivocal scientific evidence.

| don't know if I'm just being an optimist. | actually
think [the Medly program] is going to show reduced
hospital length of stay and admissions. And so | think
that if the system has proven to do this, | think it's
going to be useful across the board because heart
failure is everywhere. [Clinician 4]

Self-Efficacy

Despite initial apprehensions about increased workload, the
clinician and eHI teams were confident that they would be
successful in implementing the program.

| don't think that there's any doubt that we will be
implementing it | think as intended. While | may be
apprehensive, it doesn’'t mean that | don’t think that
we still actually need to try and actually see.
[Clinician 3]

Process Domain

Planning

Despite user training being planned and theinitial service design
work leading up to the program launch, an overarching
implementation plan was never explicitly developed at the
outset; this was perceived as having a negative impact during
the initial months of the implementation. However, after
realizing this deficiency, ongoing plans were formalized by the
team; this was perceived as having a positive influence on the
current and future program.

Snce the four-month, we regrouped as an
op[eration]s team...| think we have a much better
strategy for what we're trying to do and we actually
now have people dedicated to that...l think there'sa
much more coherent strategy and a much more
coherent plan. [eHealth 2]
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Engaging Champions and Opinion Leaders

The presence of aclinician champion or opinion leader was an
important  facilitator for both the development and
implementation of the Medly program. Importantly, the fact
that this champion and opinion leader set a positive example
appears to have had more of an impact on the implementation
success than this individual’srole as aformal leader.

| think certainly that from the clinic side, that
[Clinician 1] is the champion of this. She's pushed
very hard for its development and rollout and by far
| think she's certainly enrolled the largest number of
patients onto the system. [Clinician 3]

Executing

Although no formalized implementation plan existed, overall,
there is a perception that the eHI team has been effective in
doing what was necessary to support the implementation.
However, the team’s inability to delivery rapid technology
adaptations was perceived as a barrier by all participants.

| think there have been some deviations, but overall,
| think the team is doing a relatively good job with
meeting the expectations. | think some of the
deviations are reasons outside of our control or some
of them are just because of delays in development. |
know a lot of the things we want to do with the
program around streamlining it involve adapting the
technology and we haven't been able to fully do that.
But on the process side, we' ve been responding pretty
well. [eHealth 2]

Reflecting and Evaluating

Embedded within the Medly program was a mechanism to
facilitate the ongoing quality improvement. All participants
spoke positively of the benefits of being ableto quickly identify
and eval uate problems and i mplement sol utionswhen possible.

[We meet] every two weeksto discussthe recruitment
in the program, how things are going, any issues or
problemsthat people have faced. And then we discuss
those issues, identify solutions and come up with a
plan for how we want to address them. e also talk
about achievements that have happened, so
recruitment milestones, things like that. [eHealth 2]

Discussion

Principal Findings

This longitudinal implementation evaluation found that the
Medly program had been successfully implemented, as
demonstrated by the steady growth in patient enroliment and
clinician adoption and the fidelity with which the intervention
was being used in clinical practice. Costs were relatively high
because of the decision to initially supply patients with all the
telemonitoring equipment. That said, these costs were not
estimated to have significantly impacted the implementation
and are expected to dramatically decrease, asthe program shifts
to a bring your own device (BYOD) model. This study also
identified 24 CFIR constructs that explain these measures of
implementation success. Fifteen constructs were facilitators
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predominately clustered in the domains of inner setting and
characteristics of individuals. Four CFIR constructswere minor
barriers in the earlier phases of implementation—complexity,
cost, networks and communication, and planning. Five
additional constructs had a mixed valence and therefore were
determined to have a neutral impact on the implementation.

Comparison with Prior Work

The implementation barriers and facilitators identified in this
study are very much in line with results from other
telemonitoring implementation studies. Systematic reviews have
concluded the importance of characteristics of the technology,
people involved, extraorganizational environment, and
implementation setting [11-13]. In addition, the literature
suggests that having undefined roles in the context of new
workflows is a common barrier to eHealth implementations
[16]. This study provides concrete examples of these barriers
as they relate to the CFIR constructs of complexity and
compatibility. For example, in the absence of clear guidelines
for documentation, identifying ideal patient candidates and
setting parameter threshol ds needed for the algorithm, clinicians
are forced to develop experiential knowledge to be able to
perform these tasks. The development of this tacit knowledge
can often only happen over time and might be challengingin a
fast-paced clinic environment. Thelearning climatein this study
was perceived as being an important facilitator, which likely
helped overcome this challenge. However, clear guidelines for
clinician staff roles will likely be required to ensure
implementation success where learning climates might not be
as favorable.

In addition to providing a framework that allows for the easier
transferability of study results, using CFIR-guided methods
allowed this research to make two additional contributions to
the field of implementation science. To the best of our
knowledge, thisisthe first study to demonstrate the feasibility
of using the CFIR for evauating complex teleheath
interventions [24]. However, the CFIR lacks granularity for
identifying factors that might be unique to health information
systems. Researchers wanting an in-depth understanding of the
impact of the technology (as opposed to the full intervention)
should consider informing their methods using an additional
framework that will help open the black box of design quality
and packaging. For example, the Clinical Adoption Framework
could be useful for designing probes around the quality of the
system, quaity of theinformation within the system, and quality
of the services supporting the system [25]. Another limitation
of the CFIR isthat we consider most software updates to be an
inherent quality of software-based health interventions. Assuch,
we do not think that a technology’s capacity to iterate is
adequately captured inthe CFIR construct of adaptability, which
relates more to the components of an intervention that can be
adapted or tailored.

Unlike studies that present alist of barriers and facilitators, the
CFIR guides the classification of these factors into broader
domains. For example, the strongest influencing factors on the
Medly program were in the CFIR domains of inner setting,
characteristics of individuals, and process. This is not to say
that the characteristics of the intervention were not important,
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but it makes the point that the implementation context cannot
be ignored.

Limitations

This study was conducted at a single implementation site.
Therefore, we acknowledge that the characteristics of the HF
clinic might differ compared with other settingsin terms of the
availability of resources, structure of care delivery, and
characteristics of the individuals involved. In addition, we
acknowledge the absence of the patients' perspective in this
study. That said, amixed method study of factorsthat influence
patient adoption, use, and adherence to the Medly program will
featurein afuture publication. Finally, one cardiologist did not
agree to participate in an interview; therefore, barriers to
adoption for thisindividual are unknown.

Recommendations

We offer the following recommendations based on key study
findings to facilitate the transferability of results to other
implementation settings:

1 Evaluate contextual barriers: This study highlights the
importance of contextual factors. Early identification of
potential barriers as part of a readiness assessment would
allow for the development of mitigating strategies. Using
aframework such asthe CFIR could facilitate thistask; our
results provide an example of how the CFIR constructs can
be operationalized for tel ehealth interventions.

2. Define al components of the intervention: Complexity is
an important barrier for the successful implementation of
eHedlthinterventions[16]. However, this negative influence
can be mitigated by an explicit definition of each
intervention component. In this study, contextual facilitators
helped overcome the lack of protocolized clinician roles;
however, better definition of nontechnology program

Ware et a

components and roles could facilitate clinician adoption in
future implementations.

3. Plan and document the implementation strategy: The lack
of clearly defined implementation plan was identified as
an early barrier in this study, which was moderated by
contextual facilitators and other process factors, including
the presence of a strong clinical champion and a robust
mechanism for ongoing reflecting and evaluation. The
Quality Implementation Framework [26] offers a
prescriptive approach that can help formulate an
implementation strategy that incorporates an assessment of
many of the constructs outlined in the CFIR [19].

Conclusions

This study presents results from the real-world implementation
evaluation of a mobile phone-based telemonitoring program
for patients with heart failure. The overall success of the
implementation, as determined by the four implementation
outcomes, was explained by the presence of severa facilitators
and relatively few barriers. Although the results are consistent
with other telemonitoring implementation studies, this study
also demonstrates how barriersand facilitators are dynamic and
can influence theimplementation success differently over time.
Finadly, we highlight a previousy undescribed
challenge—tel emonitoring interventions often rely on clinicians
ability to build experiential knowledge to use the system as
intended. The results from this research can inform the
development of telemonitoring programs and their
implementation strategies. Hence, evidence-based
implementation isimportant to ensure the success of real-world
telemonitoring deployments as well as for ensuring that
telemonitoring studies can yield unambiguous evidence of
effectiveness, which will be required for the wider diffusion of
telemonitoring.
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Abstract

Background: The number of e-mental health apps is increasing rapidly. Studies have shown that the use of some apps is
beneficial, whereas others are ineffective or do not meet users privacy expectations. Individuals and organizations that curate,
recommend, host, use, or pay for apps have an interest in categorizing apps according to the consensus criteria of usability and
effectiveness. Others have previously published recommendations for ng health-related apps; however, the extent to which
these recommendations can be generalized across different popul ation groups (eg, culture, gender, and language) remainsunclear.
This study describes an attempt by Canadian stakeholders to devel op an e-mental health assessment framework that responds to
the unique needs of people living in Canada in an evidence-based manner.

Objective: The objective of our study was to achieve consensus from a broad group of Canadian stakeholders on guiding
principles and criteriafor aframework to assess e-mental health apps in Canada.

Methods. We developed aninitia set of guiding principlesand criteriafrom arapid review and environmental scan of pre-existing
app assessment frameworks. The initial list was refined through a two-round modified Delphi process. Participants (N=25)
included app devel opers and users, health care providers, mental health advocates, peoplewith lived experience of amental health
problem or mental illness, policy makers, and researchers. Consensus on each guideline or criterion was defined a priori as at
least 70% agreement. The first round of voting was conducted electronically. Prior to Round 2 voting, in-person presentations
from experts and a persona empathy mapping process were used to explore the perspectives of diverse stakeholders.

Results: Of al respondents, 68% (17/25) in Round 1 and 100% (13/13) in Round 2 agreed that a framework for evaluating
health apps is needed to help Canadian consumers identify high-quality apps. Consensus was reached on 9 guiding principles:
evidence based, gender responsive, culturally appropriate, user centered, risk based, internationally aligned, enabling innovation,
transparent and fair, and based on ethical norms. In addition, 15 informative and evaluative criteria were defined to assess the
effectiveness, functionality, clinical applicability, interoperability, usability, transparency regarding security and privacy, security
or privacy standards, supported platforms, targeted users, developers' transparency, funding transparency, price, user desirability,
user inclusion, and meaningful inclusion of adiverse range of communities.

Conclusions; Canadian mental health stakeholders reached the consensus on aframework of 9 guiding principlesand 15 criteria

important in assessing e-mental health apps. What differentiates the Canadian framework from other scales is explicit attention
to user inclusion at all stages of the development, gender responsiveness, and cultural appropriateness. Furthermore, an empathy
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mapping process markedly influenced the development of the framework. This framework may be used to inform future mental

health policies and programs.

(JMIR Mhealth Uhealth 2018;6(7):€10016) doi:10.2196/10016
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mental health; mobile phone apps; consensus; Delphi process; evaluation framework; telemedicine

Introduction

The number and range of electronic health apps, including those
targeting mental health, continues to expand [1,2]. Studies
indicate that the use of some apps can be beneficial to mental
health and many improve accessibility to mental health services
[3]. According to a recent meta-analysis, mobile phone-based
mental health apps can have positive effects on depressive
symptoms, anxiety, and other mental health conditions [4].
Digital solutions, including mobile phone apps, can also help
address some traditional barriers—cost, capacity, geography,
and stigma—to mental health services [5]. However, research
suggests that some apps are unsafe, ineffective, poorly
documented, or do not meet users privacy and security
expectations [6-8].

In Canada, supporting mental health and resilience through
appropriate mobile health solutionsis an area of growing policy
interest, particularly given the rising rates of common mental
health conditions [9] and unmet needs for services [10]. For
example, Changing Directions, Changing Lives, the Mental
Health Strategy for Canada, recommends increasing the use of
e-mental health to reach more Canadians in need of support
[11]. Accordingly, the Mental Health Commission of Canada
has explored the use of these solutions in Canada and has also
explored the associated opportunities and barriers to their use
[5]. Likewise, the Healthy and Productive Work Signature
Initiative of the Canadian Institutes of Health Research, which
aimsto support evidence-based interventionsthat foster healthy,
meaningful, and productive work for all workers, recognizes
e-mental health as a potential direction for improving the
wellness of workers acrossthe mental health continuum [12,13].

Currently, it can be time-consuming and difficult for potential
usersto assessthe quality, safety, and evidence base of available
health apps [3,14,15]. The private sector, government,
academics, consumer groups, and others are trialing a range of
strategies to tap into the benefits of eHealth while aso
addressing its attendant challenges. Regulatory, accreditation,
market influence, educational, informational, and financial
interventions are among the approaches that have been explored.
For example, the United States Food and Drug Administration
has established and updated regulatory guidance for mobile
medical apps [16]. The Ontario Telemedicine Network has
launched the public-facing Practical Apps website, which
presents reviews of various health care apps; primary care
providers can use this app to support their patients to better
understand and manage their disease[17]. The National Health
Service in the United Kingdom established a curated Apps
Library, with apps assessed against a defined set of criteria,
which was later rolled back following research that showed
privacy and security gapsin alarge proportion of the included

http://mhealth.jmir.org/2018/7/€10016/

apps [18]. However, this service has since been relaunched
through abetasite[19]. Researchersin Canada and beyond are
testing techniques to engage app users in the development
process [20,21]. Likewise, Apple Inc. introduced specific
requirements for medical apps that are made available through
their App Store [22].

Several formal development strategies, rating scales, or
assessment frameworks have been published to help raise
standards on app quality, and efforts are underway to develop
others [1,14,20,23-28]. At their core, most of these efforts
depend on a structured assessment of apps against defined
criteria. While there is some convergence on the technical
criteriaconsidered, there are al so important differences between
the approaches. The aims, scope, purpose, target audiences, and
methods of assessment vary considerably. For instance, some
initiatives consider factors such asthe characteristics of the app
developer or funder; their policies; and features of the app, its
performance characteristics, and ongoing maintenance or
updating requirements, while others do not. While these efforts
have provided information and direction for this study, the
authors were not able to find a single scale or framework that
addressed the unique combination of cultural and political
factors required for the Canadian context.

The well-documented variation in the app quality and safety
requires aconsistent and transparent assessment framework for
apps applied at an organizationa level or as a self-assessment
for app devel opers. Results must be meaningful and trustworthy
for potential app users with a wide variety of needs and
perspectives. In Canada, improving and expanding ready access
to—and use of—effective and appropriate e-mental health
solutions, including mental health apps, holds promise asakey
enabler for addressing mental health. The purpose of this study
was to achieve consensus among a broad group of Canadian
stakeholders on a comprehensive set of principles to guide the
development of aframework for assessing e-mental health apps
in Canada as well as future processes to implement such a
framework. A secondary objective was to achieve consensus
on a complementary set criteria to support and ground these
guiding principles by providing informative and evaluative
measuresthat could be applied as part of an assessment process.
Methods and results are reported in alignment with the guidance
for reporting results from Delphi processes developed by
Boulkedid et a [29].

Methods

Study Design
We used a modified Delphi process in a three-stage process
with two voting roundsto reach consensus on guiding principles
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and criteria for a Canadian e-mental health app assessment
framework (Figure 1).

Unlike the open-ended initial phase of a traditional Delphi
process [30,31], amodified Delphi process provides a starting
point for discussion. Experts are polled for their views on this
starting point individually and anonymously through two or
more rounds of voting. Results are provided to participants
between rounds. The process concludes when predefined
stopping points—usually a specified level of consensus—are
reached. The mini-Delphi or estimate-talk-estimate approach
adaptsthistechniquefor face-to-face meetings, allowing experts
to interact between iterations of anonymous votes [32]. Figure
1 illustrates this approach as applied to this study. Ethics
approval was not required for this study as it falls under an
exemption for research conducted by faculty and staff as an
outside professional activity (see exemption #8 on the University
of Victoriawebsite, the first author’s institution) [33].

Participant Recruitment

We used a heterogeneous purposive recruitment strategy to seek
diversity on the following three key variables: (1) the breadth
of perspective with relevant expertise recognized by the Ingtitute
of Gender and Headlth at the Canadian Institutes of Health
Research or the Mental Health Commission of Canada (app
developers, app users, health care providers, mental health
advocates, lived experience of mental health problems or
illnesses either personally or asafamily member, policy makers,
researchers, and workplace or workforce expertise); (2) sex and
gender; and (3) geographic distribution across Canada.

The project steering committee reviewed the distribution of
potential participants against astructured template that showed
distribution based on the abovementioned criteria. Relevant
expertise was loosely defined as a characteristic of individuals

Figure 1. The modified Delphi process.

Zelmer et a

recognized by their peers as having competence and experience
in specific areasrel evant to this project. For instance, researchers
were selected on the basis of having received scientific funding
or research productivity in the area of e-mental health;
individual swith lived experience were part of avolunteer group
that advises the Mental Health Commission of Canada

Then, we purposefully selected and recruited potential
participants via invitations from the Institute of Gender and
Health at the Canadian Institutes of Health Research and the
Mental Health Commission of Canadato maximize the breadth
and depth of experience and expertise available from the
participant group [34]. Invitations were distributed via emails,
with follow-up by telephone or in-person as required. Those
who indicated an interest in taking part then received an email
with alink to the website hosting the first round of the Delphi
study. This email included the rationale for seeking consensus
on an assessment framework for e-mental health apps. Voluntary
participation implied consent.

Development of the Initial Set of Draft Principlesand
Criteria

First, we conducted a rapid review and environmental scan of
pre-existing e-mental health app assessment frameworks found
in the published and gray literature. Additional resources were
identified and supplied by the modified Delphi participants.
Alignment with Canadian culture and policies was considered.
Gender responsiveness and cultural appropriateness were
deemed to be two foundational and nonnegotiable elements,
given Canada's strong commitment to gender equality and
cultura inclusiveness, particularly of indigenous people[35-37].
Delphi process organizers and the authors of this study felt it
was an ethical imperative to include an app’s evidence base as
athird foundational element of the framework in order to avoid
the potential for harm from low-quality e-mental health apps.

g ™ — 4 ™
« Potential Between * Re-vote (n=19)
participants Rounds * Repeat if needed
identified and until a priori
invited (n=37) * Share and review stopping rule
* Delphi survey on results reached
guiding * Evidence bursts
principles and * Empathy
criteria (n=25) mapping exercise
L J \

Round 1
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Based on the findings, one of the authors (JZ) constructed a
draft list of six other potential principles to guide the
development and implementation of an e-mental health app
assessment framework. Furthermore, 14 potential criteriawere
also identified, which aligned with the guiding principles and
could be used as part of an app assessment process. The initial
list was vetted by the steering committee (MN, M S, and KvH)
for the project.

Round 1 of the M odified Delphi Process

In Round 1 of the modified Delphi process, which took place
between November 15 and 28, 2016, 25 stakeholders agreed to
participate. The survey questions used to assess the initial list
of principles and criteriawere modeled after an app evaluation
Delphi process led by researchers at the Imperial College in
England [38] and pre-existing formats extracted from the rapid
review and environmental scan of eHealth and e-mental health
app assessment frameworks.

The survey was prefaced with three contextual questions:

1. Confirmation of the perspectivesthat the participant brought
to the consensus process, as per the list above (participants
could self-identify with multiple perspectives).

2. How they would rate currently available health apps in
terms of overall quality, usability or user engagement, use
of high-quality evidence from credible sources, and
information security or privacy. Respondents were asked
to endorse the applicability of each of these criteria using
a4-point scale (poor, fair, good, and excellent) plusa*“don’t
know” option.

3. Whether aframework for evaluating health appsis needed
for consumers to identify apps of higher quality using a
5-point Likert scale (strongly disagree, disagree, neither
agree nor disagree, agree, and strongly agree).

While gender and geographic diversity were considered in
recruitment, we did not ask questions about these dimensions
as part of the survey. This decision was taken to preserve the
anonymity of responses, an important feature of a Delphi
process. Inclusion of demographic variablesin the survey would
have made it possible to connect votes with the identity of at
least some participants, which we sought to avoid. Likewise,
wedid not undertake a separate participant demographic survey
to reduce the respondent burden.

The remaining survey questions assessed the initial list of 6
potential principles to guide the development of an e-mental
health app assessment framework and the 14 potential criteria
that might be included in such a framework. Criteria were
classified asinformative or evaluative. Informative criteriawere
defined asthose where one answer is not “ better” than another,
but the information could be helpful to a user. Informative
criteria would usually not be scored or have a minimum
threshold for inclusion. Eval uative criteriawere defined asthose
wheredirectionality isclear (eg, whether more or less, presence
or absence, is better). Evaluative criteria may have aminimum
threshold for inclusion or be scored. We asked participants to
rate the principlesusing a5-point Likert scale (strongly disagree,
disagree, neither agree nor disagree, agree, and strongly agree)
and the criteria using a different 3-point scale (not necessary,
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desirable, and essential). Participants also had the opportunity
to provide comments on and suggest additions to the guiding
principles and criteria.

Between Round Discussions, Evidence Presentations,

and Empathy Mapping

A face-to-face meeting was held on November 28, 2016, at the
Centre for Addiction and Mental Health (Toronto, Canada).
Overall, 19 participants of thefirst modified Delphi processand
all authors were in attendance. The event was facilitated by JZ,
an experienced health services researcher with expertise in
eHealth and aPhD in economics. She has previously led similar
consensus-building exercises. Field notes were recorded by a
research assistant.

At the beginning of the session, representatives from the Institute
of Gender and Health of the Canadian Institutes of Health
Research and the Mental Health Commission of Canada
provided an overview of the policy context and rationale for
thisinitiative. They specified that while avariety of approaches
can be used for e-mental health app assessment, most depend
onidentifying aset of principlesto guide the assessment process.
The presenters reinforced that the scope of the exercise should
be relevant to appstargeted at individuals and families seeking
support to manage their own health, excluding apps targeted
specifically at health professionals. Furthermore, clarification
was provided that the framework could either be implemented
by one or several organizations or as a self-assessment for app
devel opers. Either way, the results of the assessment framework,
once implemented, would be aimed at supporting the needs of
members of the public as potential app users. App developers
were considered a second important audience. Participants
agreed that evidence base, gender responsiveness, and cultural
appropriateness should be included as 3 foundational guiding
principles of any Canadian assessment scale and need not be
included in the consensus-building exercise.

Results from Round 1 of the modified Delphi process were
presented using frequency distributions to summarize answers
to survey questions with ordinal response scales. It was
determined a priori that only principlesand criteriafrom Round
1 voting with less than 80% agreement would be discussed
during the meeting. Agreement was defined as endorsement of
“strongly agree” or “agree’ for the guiding principles and
endorsement of “essential” or “desirable” for the criteria
Summaries of open-ended questions, including suggestions for
changes or additionsto principlesor criteria, were also presented
using quotesillustrative of the commentsreceived. A facilitated
iterative discussion led to modification, adaptation, removal,
and addition to principlesand criteriathat did not initially secure
80% or greater agreement.

Furthermore, timewas allocated for brief evidence presentations
or “evidence bursts’ from participant experts on opportunities
for research related to eHealth apps, existing eHedth app
assessment frameworks, and the digital health ecosystem. The
purpose of the evidence burstswasto provide additional context
and information to all participants on key considerations that
might influence the selection of the guiding principles and
criteria. Participants were allowed to ask questions after each
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presentation and discuss the relevance to the app assessment
framework.

We used a facilitated persona empathy mapping exercise to
ensure that a broad range of end users' needs and perspectives
were considered in the process [39,40]. Four personas were
identified in advance, and participants added four more at the
meeting (see Appendix 1). The eight personas represented a
range of ages, sexes, genders, identities, cultures, geographic
locations, and spectrum or severity of mental health conditions
found across Canada. For each persona, meeting participants
were encouraged to reflect and share the reasons why that
individual might use an e-mental health app and what they
imagined the use of such an app might achieve for each,
according to individualized goals and needs. There was
considerable discussion among meeting participants on these
topics, including about how they might influence the principles
and criteria. Consequently, several changes or additions were
made to the text of the principles and criteria.

Round 2 of the M odified Delphi Process

Following the presentations, evidence bursts, and empathy
mapping exercise, the participants at the face-to-face meeting
re-rated the principles and criteria (in some cases with changes
or additions based on the discussion) using the same scales as
used in Round 1. Voting was anonymous and took place using
electronic tools and on paper. Participants did not have access
to each other’s votes.

For Round 2 of the modified Delphi process, consensus was
defined as 70% agreement, consistent with other studies of this
type [41-43]. Theintent was for items that did not achieve this
consensusthreshold to beincluded in athird postmeeting round
of the Delphi process. This round, if required, would be
conducted in the same manner as Round 1.

After Round 2 voting, partici pants shared key advice with policy
makers on the directions ahead and provided feedback on the
modified Delphi process. Following the session, a summary of
the outcomes of the conversation was circul ated to participants
for review. We received no suggestions for amendments.

Results

Round 1 of the M odified Delphi Process

Participants in Round 1 of the modified Delphi self-identified
as one or more of the following: app developers (5/24, 21%),
app users(8/24, 33%), health care providers (8/24, 33%), mental
health advocates (12/24, 50%), having lived experience of
mental health problems as an individua living with such a
problem or as a family member (8/24, 33%), policy makers
(4/24, 17%), researchers (9/24, 38%), having workplace or
workforce expertise (6/24, 25%), or having other relevant roles
(6/24, 25%). There was one nonresponder. While participants
could self-identify as having more than one role, many of them
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were explicitly recruited because of their lived experience of
mental health problems.

In responseto the contextual questions posed in Round 1, almost
half of the participants (12/25, 48%) rated the overall quality
of currently available health apps as poor or fair, whereas 24%
(6/25) gave a good or excellent rating. The remainder of
participants (7/25, 28%) indicated that they were uncertain of
the overall quality of currently available health apps.

Guiding Principles

Figure 2 illustrates the consensus ratings from the 6 guiding
principles assessed during Round 1 voting. As 3 principles
received “agree or strongly agree” ratings of at least 80% after
Round 1, these were not discussed in detail prior to Round 2
voting; theseincluded the principlesthat criteriashould be user
centered; processes should be open, transparent, and fair; and
the research undertaken should reflect ethical norms. In addition,
2 principles representing the concepts that the apps enable
innovation and be risk based received ratings of at least 70%
but not 80%. Furthermore, the principle of international
alignment received arating of less than 70%.

Criteria

Round 1 voting included 14 potential criteria. Figure 3liststhe
initial criteria assessed in Round 1 of the modified Delphi
processand their endorsement by Delphi participants. All except
one criterion met the essential or desirable inclusion consensus
threshold. Only 2 of these—utility and transparency on
information security or privacy policies—were endorsed as
essential by at least 80% of participants. All participants voted
on al criteria in this round, except one. There was one
nonresponsefor the“ utility” criterion. The criterion of “awards
that an app has received” was the only one that did not meet
the consensus threshold for inclusion and was specifically
discussed at the in-person meeting.

Between Round Discussion, Evidence Presentations,
and Empathy Mapping

Discussion: Guiding Principles

Asper a priori decision rules, between rounds at the in-person
meeting, participants discussed the 3 guiding principlesthat did
not receive “agree or strongly agree” ratings of at least 80% in
Round 1. In addition to the commentsreceived as part of Round
1 open-ended questions, suggestionsfor revisionsto thewording
of these principles and the framework emerged throughout the
discussion. One suggestion that was endorsed by all was to
change the terminology from “evaluation framework” to
“assessment framework” to reflect the breadth of the
agreed-upon guiding principles and criteria. In addition,
participants suggested that the 3 foundational criteria (evidence
base, gender responsiveness, and cultural appropriateness)
should be explicitly stated and added to the list of guiding
principles.
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Figure 2. Rating of theinitial guiding principlesin Round 1.

Research involving human subjects must be
consistent with ethical norms

Assessment criteria must reflect factors that are
important to potential app users

Assessment processes should be open,
transparent, and fair

Assessment processes should enable innovation

App assessment should be risk-based

Alignment with international app evaluation
frameworks is desirable

0%

¥ Strongly disagree Disagree

“ Neither agree nor disagree
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Figure 3. Round 1 rating of criteriafor an e-mental health evaluation framework.

Utility (what the app does or its use case)

Transparency on information security or privacy policies
Clinical criteria (eg, evidence base, efficacy)

Minimum standards for information security or privacy
Usability (eg, ease of use, use engagement)

Functionality (functions offered by the app)

Supported platforms (platforms on which the app runs eg i0S,
Android etc)

Transparency around individuals or organizations involved in
developing app

Transparency around funding of app

App Assessment Criteria

Consumer group(s) targeted by the app

Price of the app

Interoperability

Endorsement of app by any trusted individual, body, or organization

Awards that an app has received

M Essential
H Desirable

O Not necessary
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Discussion: Criteria

Three additional criteria emerged through discussions among
participants about the important perspectives and expertise that
different stakeholders bring. These 3 additional criteria were
added prior to Round 2 voting based on the feedback from
participants. These potential criteriaincluded user desirability,
ideally presented in away that can be stratified by the type of
user; user inclusion in the development of the apps, and
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Proportion of Participant Votes

meaningful inclusion of a diverse range of communitiesin the
testing of the apps. Participants underscored that user views
must be sought, considered, and reflected throughout the app
devel opment processto ensure app quality and relevance. There
was general agreement among participants that, at a minimum,
stakeholder engagement in the development, implementation,
and assessment of e-mental health apps should be expected.

Participants also discussed the appropriateness of the labels
used for the list of criteria. There was general agreement that
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the “utility” criteria label should be replaced with the word
“effectiveness’ to clarify its meaning; this change was applied
to the criterialist prior to Round 2 voting.

Round 2 of the M odified Delphi Process

Guiding Principles

Following discussion, participants were asked to re-rate the
relevant principles, with updated wording applied. All guiding
principles reached at least 70% consensus in Round 2
(77%-100% agreed or strongly agreed). Asaresult, athird round
of voting was not required.

A total of 9 guiding principles for an e-mental health app
assessment framework were retained (Textbox 1). These
included the 3 initial foundational principles. evidence base,
gender responsiveness, and cultural appropriateness; 6 principles
from the Round 1 list (3 with modifications based on participant
input); and 1 new principleintroduced on the basis of participant
input at the in-person mesting.

Criteria
We asked participants to re-rate the relevant criteria, with

updated wording applied. Table 1 shows the distribution of
votes endorsing criteria as “essential,” “desirable,” or “not

Zelmer et a

necessary” as well as the distribution of votes indicating how
criteria should be approached—as either informative or
evauative. All criteria, except 2, reached at least 70% consensus,
so athird round of voting was not required. The 2 criteria that
were removed were “awards that an app has received” and
“endorsement of the app by any trusted individual or body or
organization” because participants expressed concern regarding
the potential for bias in these criteria. The final criteria to be
included in a Canadian e-mental health app assessment
framework are listed in Textbox 2.

Reaching Consensus on the Need for a Canadian
e-Mental Health App Assessment Framework

In Round 1 and at the end of Round 2, we asked participants
about the need for an app assessment framework to help
consumers identify e-mental health apps of higher quality.
Participants’ attitudes changed throughout the process. About
two-thirds (17/25, 68%) of respondents in Round 1 agreed or
strongly agreed with the need for the abovementioned
framework. This number rose to 100% of participants after the
in-person meeting, asassessed in Round 2 voting. For logistical
reasons, some participants had to leave the in-person meeting
prior to voting on this question, which resulted in n=13 for the
Round 2 voting on this question.

Textbox 1. Thefinal guiding principles for a Canadian e-mental health app assessment framework.

1. Evidence Based (foundational principle)

«  Consideration must be given to the apps’ evidence base and effectiveness

2. Gender Responsive (foundational principle)

«  Appsmust take into account sex and gender considerations

3. Culturally Appropriate (foundational principle)

o Appesdling to and inclusive of Canada’s diverse population

4. User Centered

«  Assessment criteriamust reflect the needs and expectations of potential app users

5. Risk Based
o App assessment should be risk based

« Moredetailed assessment is required for interventional apps, for example, drug dosing cal culations or Web-based cognitive behavioral therapy,
than for those focusing on general wellness support, for example, fitness trackers

6. Internationally Aligned

o App assessment framework should be informed by international experience or frameworks

7. Allows for Development and Continual | mprovement

o Theapp assessment process should not impede the development or continual improvement of available apps

8. Open, Transparent, and Fair

«  Assessment processes should be open, transparent, and fair

9. Human Research Consistent with Ethical Norms

«  Research involving human subjects must be consistent with ethical norms

«  Where an app is provided as part of a research study, Tri-Council Guidelines regarding Ethical Conduct for Research Involving Humans [37]

must be followed.
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Table 1. Round 2 criteria voting results.

Criteria Distribution of endorsement Approach to inclusion
Essential Desirable Not necessary Informative Evaluative

Effectiveness 18 0 0 4 19
Functionality 15 3 1 14 9
Clinical criteria 14 5 0 4 19
Interoperability 3 11 3 11 9
Usability 15 1 2 7 15
Information security transparency 18 1 0 4 19
Information security 16 2 0 4 17
Supported platforms 6 10 1 18 3
Audience 8 8 1 12 7
Developer transparency 9 6 0 18 5
Funding transparency 9 6 1 16 4
App price 6 10 2 19 2
User desirability 9 7 1 9 12
User inclusion 9 6 1 12 9
Meaningful inclusion 5 6 4 14 7
Endorsement of app? 3 8 7 6 4
Awards® 0 0 17 N/AS N/A

aDid not meet the consensus threshold in Round 2.
bDid not meet the consensus threshold in Round 1; thus, omitted from informative versus evaluative criteria vote in Round 2.
BNI/A: not applicable.
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Textbox 2. Thefina criteriato be included in a Canadian e-mental health app assessment framework.

1. Effectiveness
«  What does the app do? What isits use case?

2. Transparency of I nformation Security

3. Information Security

4. Functionality
«  What are the functions offered by the app?

5. Usability
. Istheapp easy to use? Do itsintended users find it engaging?

6. Clinical Criteria

«  What isthe app’s evidence base? | s there evidence of its efficacy?

7. Developer Transparency

8. Funding Transparency

9. User Inclusion

«  Were potential usersinvolved in the development of the app?

10. User Desirability

11. Audience

12. Supported Platforms

«  What platforms does the app run on? (eg, iOS, Android, etc)

13. App Price

14. Meaningful Inclusion

15. Interoper ability

information?

. Aretheapp’s security and privacy policies transparent and easy to find?

«  Doesthe app meet minimal standards for information security and privacy?

. Istherereadily available information regarding the individuals and organizations involved in the development of the app?

. Istherereadily available information regarding who funded the development of the app?

. Havetheintended users expressed adesire for the functionality provided by the app?

« Isit clear who the intended consumer group(s) is and what issues the app aims to address?

«  How much doesit cost to use the app? If it is not free, isit a one-time cost, subscription-based, or other?

« Isinformation available on to what extent and how potential end users were involved in the development of the app?

. Towhat extent do users have the ability to move across different platforms (mobile and desktop) while maintaining profile preferences and

Discussion

Principal Findings

The Delphi process described in this study demonstrates that
consensus was reached on a Canadian set of guiding principles
and criteriafor assessing the quality, effectiveness, and usability
of evidence-informed e-mental health appsthat adhereto ethical

http://mhealth.jmir.org/2018/7/€10016/

RenderX

standards. The purpose of this study isto render transparent the
process through which this framework was developed.
Specifically, two rounds of amodified Delphi process, including
the use of presentations, evidence bursts, and empathy mapping
between the two rounds, led to an assessment framework
incorporating 9 guiding principles and 15 supporting criteria.
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These principles and criteria make up aframework that reflects
Canadian priorities associated with the need for evidence-based
solutions, transparency, gender responsiveness, cultural
appropriateness, and user engagement at al levels of e-mental
health app development and testing. Furthermore, iterative and
interactive discussions solidified the perception that aframework
is essential for meeting the promise and potential of using
e-mental health apps as part of a broader strategy to improve
mental health in Canada.

While the framework described here was developed with
particular attention to the Canadian context and national
priorities, the principles and results of our consensus process
are generally consistent with other efforts and findings in this
area. For example, a 2016 systematic review of methods used
to assess mobile health apps found that researchers evaluated
the app quality in 6 domains: scientific or clinical basis,
functionality, usability, accountability, impact, and popularity;
80% (73/91) participants used measures drawn from one or
more of these domains [14]. Table 2 illustrates how we see our
framework as mapping onto these domains.

Given the potential global reach of apps and the growing
evidence that many apps available today do not conform to the
established guidelines or best practices [1], the need for an
assessment framework is increasingly salient. Potential users
and health care professionalswho intend to recommend e-mental
health apps will want a simple way of knowing the quality and
other characteristics of apps available to them. Assessment
frameworks are an important first step in addressing this need,
but many challenges exist in achieving a widespread
implementation and scale-up.

For instance, the Canadian framework described in this study
was designed so that it could be applied at an organizational
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level or as a self-assessment for app developers. In the former
case, aminimal standard of critical appraisal and the resources
to undertake the analysiswould be needed to research and assess
the evidence base for an app, establish the characteristics of an
app’s developers, and evaluate other criteria, such as cultural
appropriateness. Indeed, even defining the process through
which evidence base and clinical criteria will be assessed
requires further investigation. In addition, an independent
accreditation body could be tasked with this process to ensure
quality and sustainability. While some Canadian organizations
have assumed the aspects of this role (eg, via Canada Health
Infoway’s certification program for privacy, security, and
interoperability of digital health solutions), no organization has
undertaken the full scope of assessment involved.

The Mental Health Commission of Canadaisworking on afact
sheet to disseminate the results of this consensus process broadly
to those who might be able to use the information to affect
change in a way that mental health apps are developed,
recommended, and taken up. Given that health is provincially
and territorially regulated in Canada, there is a potential for
provincial and territorial health authorities to implement the
framework, or an adapted version of it, within their jurisdictions
as mental health apps become a more mainstream option to
address barriers like affordability and lack of accessin remote
communities. The 2017 Canadian federal budget included Can
$11 hillion over 10 years amed at supporting provinces and
territories in improving mental health and home care services
[44]. This investment, as well as the spotlight it has put on
mental health services, creates an opportune moment to promote
this framework as a tool to make e-mental health an effective
part of evolving provincia and territorial strategies.

Table 2. How the Canadian framework maps onto 6 domains commonly used by researchers to evaluate the app quality.

Six domains Canadian framework guiding principles Canadian framework criteria
Scientific or clinical basis «  Evidence based «  Clinical criteria
o Human research consistent with ethical norms o Meaningful inclusion
Functionality «  Allowsfor development and continual improvement «  Functionality
«  Supported platforms
« Interoperability
Usability «  Gender responsive «  Usability
«  Culturaly appropriate e Userinclusion
o User centered
Accountability « Risk based «  Transparency of information security
«  Open, transparent, and fair «  Information security
«  Developer transparency
«  Funding transparency
Impact « Internationally aligned .  Effectiveness
« Appprice
Popularity N/AR e User desirability

o Audience

8N/A: not applicable.
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Another question that must be addressed is how the assessment
results would be presented. For instance, a key decision is
whether eval uative criteriashould be used to cal culate an overall
summary score for each app or there should be minimum
acceptablethresholdsfor certain criteria. The Maobile App Rating
Scale (MARS), developed in Australia and one of the most
devel oped examples of an app evaluation tool, weighsall criteria
equally [27]. MARS ratings average the mean scores from the
following 5 subscales: engagement, functionality, esthetics,
information, and subjective quality. Given that evidence base
isonly 1 of 7 items listed under the information subscale, an
app could potentially receive a very high rating on the MARS
scale without having a strong evidence base. This method does
not appear to be consistent with the findings from our Canadian
Delphi process, which highlighted the significance that
stakeholders attach to factors such as evidence base, gender
responsiveness, and cultural appropriateness. Thus, further
research could be helpful in addressing these and related
questions regarding how best to obtain assessment results that
accurately and appropriately reflect the guiding principles of
the framework.

Research could aso help inform a number of other practical
implementation challenges. For example, thelandscape of global
mental health appsisevolving rapidly. Participantsin the Del phi
process emphasized that an assessment framework and process
should not impede the development or continual improvement
of apps. In this context, one needs to consider factors such as
the timeline and criteria for re-assessing apps as they evolve.
Likewise, if apps that have been assessed can be accessed via
anintegrated listing or shared repository, who would curate the
collection and how would need to be determined, aswould how
to encourage its use by the public and health professionals.

Many other countries around the world are grappling with
similar issues related to the endorsement of e-mental health
apps. Some countries have published recommendations for
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ng health-rel ated—including mental health-rel ated—apps,
but the extent to which they can be generalized across avariety
of populationsand their characteristics (eg, culture, gender, and
language) remains unclear. Thisis one of the reasons why we
used a process focused on the needs of stakeholders across
Canada. While the diversity of our participantsis a strength of
this study, we solicited their feedback within adefined Canadian
scope and perspective. Furthermore, there was a 20% attrition
of participants who voted in the first (Web-based) and second
(in-person) round of the Delphi process. This may have
introduced sel ection biasfor some of the principles and criteria
retained in the final framework.

While the methods used in this study can be replicated readily,
the outcomes that we obtained by consulting stakeholdersfrom
across Canadamay or may not betransferableto other countries
or contexts. As several of the factors considered in our process
were aligned with a related process simultaneously underway
in the United Kingdom, it may be possible to explore this
guestion in the future when their results are available.

Conclusions

Improving health gains and reducing risks from the use of
e-mental health apps depends on tilting the balance toward
solutions that are of higher quality and are more acceptable to
potential users. To inform the efforts to achieve this goal, we
used an innovative structured Delphi process that incorporated
evidence bursts and empathy mapping to ask a diverse group
of Canadian stakehol ders about what factors were important in
assessing e-mental health apps. The group reached consensus
on 9 guiding principles and 15 criteria for an e-mental health
app assessment framework that could be applied at anindividual
or organizational level to support them in meeting the needs
and expectations of potential app users and other key
stakeholders. This consensus has the potential to inform future
research, policy, and programs at a till relatively early stage
in the evolution of e-mental health solutions.
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Abstract

Background: Symptomsand signsof thyrotoxicosis are nonspecific and assessing its clinical statusisdifficult with conventional
physical examinationsand history taking. Increased heart rate (HR) isone of the easiest signsto quantify this, and current wearable
devices can monitor HR.

Objective:  We assessed the association between thyroid function and resting HR measured by a wearable activity tracker
(WD-rHR) and evaluated the clinical feasibility of using this method in patients with thyrotoxicosis.

Methods: Thirty patients with thyrotoxicosis and 10 controls were included in the study. Participants were instructed to use the
wearable activity tracker during the study period so that activity and HR data could be collected. The primary study outcomes
were verification of changesin WD-rHR during thyrotoxicosi s treatment and associ ations between WD-rHR and thyroid function.
Linear and logistic model generalized estimating equation analyses were performed and the resultswere compared to conventional ly
obtained resting HR during clinic visits (on-site resting HR) and the Hyperthyroidism Symptom Scale.

Results:  WD-rHR was higher in thyrotoxic patients than in the control groups and decreased in association with improvement
of thyrotoxicosis. A one standard deviation-increase of WD-rHR of about 11 beats per minute (bpm) was associated with the
increase of serum free T4 levels (beta=.492, 95% CI 0.367-0.616, P<.001) and thyrotoxicosis risk (odds ratio [OR] 3.840, 95%
Cl 2.113-6.978, P<.001). Although the Hyperthyroidism Symptom Scale showed similar results with WD-rHR, a1 SD-increase
of on-site rHR (about 16 beats per minute) showed arelatively lower betaand OR (beta=.396, 95% Cl 0.204-0.588, P<.001; OR
2.114, 95% CI 1.365-3.273, P<.001) compared with WD-rHR.

Conclusions: Heart rate data measured by a wearable device showed reasonable predictability of thyroid function. Thissimple,
easy-to-measure parameter is clinically feasible and has the potential to manage thyroid dysfunction.

Trial Registration: ClinicaTrials.gov NCT03009357; https://clinicaltrials.gov/ct2/show/NCT03009357 (Archived by WebCite
at http://www.webcitation.org/70h55L 1yQ)

(JMIR Mhealth Uhealth 2018;6(7):€159) doi:10.2196/mhealth.9884
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Introduction

Thyrotoxicosis is a clinical syndrome resulting from the high
concentration of free thyroxine (T4) and free triiodothyronine
(T3). The prevalence of thyrotoxicosis is approximately 2%,
and its most common cause (ie, 60%-90%) is Graves disease
(GD) which isan autoimmune disease that stimulatesthethyroid
gland to produce and release thyroid hormone [1-3].
Thyrotoxicosisresultsin various symptoms and signs, including
fatigue, anxiety, palpitations, sweating, heat intolerance,
disturbed sleep, and weight loss because the thyroid hormone
affects many different organs[4]. These clinical manifestations
are relatively nonspecific and vary depending on factors such
as patient age and sex, disease duration, and etiology [5,6].
Although palpitation and increased heart rate (HR) are among
the most frequent symptoms and signs [7], and the easiest to
quantify, HR can easily be affected by other factors such asthe
patient’s emotional state, body position, and physical activities.
Therefore, it isdifficult to assess disease status based solely on
patient HR that is either self-reported or obtained conventional ly
in the clinic during a specific moment. Although researchers
have devel oped assessment tool s that use parameters associated
with symptoms and signs of thyrotoxicosis, most are
guestionnaire-based scoring systems that require time and
educated scorers [8,9]. Thyrotoxicosis is diagnosed when a
thyroid function test (TFT) shows increased serum thyroid
hormonelevels. Thistest is often delayed because patients tend
to visit the clinic in severe status due to the nonspecific
symptoms of thyrotoxicosis. Therefore, a simple,
easy-to-measure parameter to predict thyroid status would be
useful for thyrotoxicosis management.

The popularity of wearable activity trackers has grown
considerably in recent years. The American College of Sports
Medicine survey of fitness trends reported that wearable
technology was the top-rated trend in 2016 [10]. Forecasts
indicate that wearable activity tracker sales will exceed 82
million by the end of 2019, 2.5 timesthe expected salesvolume
in 2016 [11]. These devices are typically worn on the wrist or
hip and provide the user with information about their physical
activity, such as steps taken, vertical and horizontal moving
distance, and sleep patterns. Recently developed devices can
measure HR using photopl ethysmography, which measures a
differential reflection of light from the skin, based on the
pulsatility of superficial blood vessels [12]. Many studies on
the accuracy of these wrist-worn HR monitors have been
published, showing relatively accurate HR during the resting
state [13,14]. It is easy to collect detailed longitudinal HR data
and physical activity with these wearable devices, and these
data can provide moreinformation than intermittently measured
HR. This makes it now possible to collect and analyze more
detailed and precise HR data, which is a crucial parameter
changed in thyrotoxicosis. However, few trials have evaluated
wearable devices for use in assessing thyroid dysfunction.

Therefore, the objectives of the present study wereto investigate
whether and how well HR data collected by commercialy
available activity trackers reflect thyroid function across the
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clinical course of thyrotoxicosis. Using this approach, the
clinical feasibility of wearable devices for the management of
thyroid dysfunction was eval uated.

Methods

Study Design and Participants

This was a single-center prospective observational study.
Subjects were recruited from the outpatient clinic of the
endocrinology department at Seoul Nationa University Bundang
Hospital (SNUBH).

For the thyrotoxicosis group, patients 15-60 years of age who
had been diagnosed with newly developed or recurrent
thyrotoxicosis were eligible to participate. Participants needed
to own a mobile phone and to be able to use awearable device
and its mobile application. Among those for whom the etiology
of thyrotoxicosis was GD, only patients who had planned
treatment with antithyroid drugs (ATD) were included so that
their clinical course could befollowed during medical treatment.
We prescribed methimazole as the first choice ATD unless the
subjectswere contraindicated. No subject had acontraindication
for methimazol e or adverse events during the administration of
methimazole. Inclusion and exclusion criteria are listed in
Multimedia Appendix 1. Prescribing betablockersisastandard
treatment for relief of thyrotoxicosis symptoms; we prescribed
short-acting beta blocker propranolol to symptomatic patients
to minimize itsimpact on the study. A total of 37 patients were
screened for participation. A total of 30 patients were finaly
enrolled, and 2 withdrew during the study. One participant
withdrew because of a skin reaction to the device (ie, Fitbit
Charge HR) on their wrist; the investigatorswithdrew the second
because of poor adherence to using the device. There were 25
and 3 patients diagnosed with GD and thyroiditisfor the etiology
of thyrotoxicosis, respectively, who completed the study.

Healthy adultswithout ahistory of thyroid disease wereincluded
in the control group. Consistent with the thyrotoxicosis group,
participants needed to be able to use awearable device and the
mobile application. These participants were screened to ensure
they were not taking medications affecting HR, including beta
blockers. There were 13 potential participants screened, and 10
were enrolled in the control group. All participants were
informed about the study and provided written informed consent.
This study was approved by the SNUBH Institutional Review
Board (IRB #B-1609-363-004) and registered on
Clinical Trials.gov (tria registration #NCT03009357).

Procedures

The study design is shown in Figure 1. On the first visit,
potential candidates were provided with a device and brief
on-siteinstructionsfor itsuse. They wereinstructed to wear the
device as much as possible throughout the day and during sleep.
We also explained that if they did not wear the device or
synchronize it with the application for more than five
consecutive days, they could be withdrawn from the study due
to poor adherence.
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Figure 1. Study design and flow. Blood tests inclu

Leeetd

ded a thyroid function test, serum levels of antithyroid-stimulating hormone receptor antibody, and

other biochemical tests. Tc-99misused in thethyroid scan. ATD: antithyroid drug, HSS: Hyperthyroidism Symptom Scale, P/Ex: physical examination.

Recruit potential
participants

Study start

. Thyrotoxicosis group e L UL D L L L D L L L L

r_ (18‘;?:;:2) —'r—1 month —i‘— 1 month —147 1 month —1

User education
Anthropometric data

Anthropometric data
P/Ex

Anthropometric data
P/Ex

Anthropometric data
P/Ex

P/Ex Blood tests Blood tests Blood tests
Blood tests HSS HSS HSS
Thyroid scan
|-
Graves' disease | |Graves' disease follow-up
Start ATD Continue ATD
Thyroiditis Thyroiditis follow-up
Observation Observation :
a 3 ‘
ae Control group T T T T T T T T T T P PP PP P PP PP PP PP
: Recruit potential
participants Study start Study end

l'_ e —i‘— 1 month —t— 1 month —i

User education
Anthropometric data
P/Ex

Blood tests

Anthropometric data
P/Ex

Blood tests

HSS

Anthropometric data
P/Ex

Blood tests

HSS

Anthropometric data
P/Ex

Blood tests

HSS

After aone- to two-week screening period, patients visited the
clinic to confirm the results of the TFT and other tests to
determine the etiology (eg, autoantibodies, thyroid scan) and
to start appropriate treatment. At this visit, those who met the
inclusion criteria were enrolled. Patients with GD were
prescribed a specific ATD dose, as determined by the
endocrinologist. Patients with thyrotoxicosis caused by
thyroiditis were reassured that their symptoms and signs were
benign and self-limited. Patients taking propranolol were
instructed to take the medication when their symptoms were
severe and to inform the investigator of their dosing times,
which wererecorded in the case report form (CRF). Regardless
of the etiology of thyrotoxicosis, all patients had monthly
follow-ups, during which time they underwent blood tests,
including TFT. Their ATD dose was adjusted as necessary. The
study ended after each patient’s third visit; however, the study
duration could be extended at the discretion of the investigator
with the patient’s consent if their TFT was not fully restored.
At each visit, anthropometric datawere collected, and vital signs
were measured.

Healthy adults were recruited into the control group through an
official SNUBH announcement. Control participantsvisited the
hospital on the same schedul e as the thyrotoxic patients. They
were given the same instruction about using the device and
mobile application, and they were also instructed to wear the
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device al day and to inform to the investigator of any
medication changes, which were recorded in the CRF. Control
participants’ visit schedules and blood tests were consistent
with those of thyrotoxic patients, but the duration of their study
participation was not extended.

Wear able Devices and Applications

We used the Fitbit Charge HR or Fitbit Charge 2 (Fitbit, San
Francisco, CA) and the Fitbit application for iOS (Apple,
Cupertino, CA) or Android (Google, Mountain View, CA). The
firmware versions of these deviceswere 18.128 for Fithit Charge
HR and 22.53.4 for Fitbit Charge 2 at the end of the study, and
the latest version was maintained continuously over the study
period. Although we started the study with Fitbit Charge HR,
when Fitbit released Fithit Charge 2, they discontinued
production of the former device. Therefore, we used Fitbit
Charge 2 with study participants enrolled after March 2017
(n=7 in the control group). However, these 2 models share a
common sensor and data processing algorithm for both activity
tracking and HR measurement. Activity and HR data are
collected by the 3-axis accelerometer and plethysmography
sensor, respectively. These sensors are equipped with the device.
During the study period, each participant’s Fitbit account
information, including identification and password, were shared
with researchers, allowing usto accesstheir online Fitbit account
[15] to monitor their synchronization status between the Fitbit
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data server and tracking device. After the end of their
participation, we separated the account from the device, and
each participant retained their account.

Hyperthyroidism Symptom Scale

To assess their hyperthyroidism clinical status at each clinic
visit, the endocrinologist overseeing this study evaluated the
patients using the Hyperthyroidism Symptom Scale (HSS)
[16,17]. The HSS consists of 10 items, including 1 psychometric
item (ie, nervousness) and 9 items about physical response in
the thyrotoxic state. A total of 8 items were evaluated through
history taking: nervousness, sweating, heat intolerance,
hyperactivity, weakness, diarrhea, appetite, and assessment of
daily function. Physical examination evaluated the remaining
2 items: tremor and hyperdynamic precordium. Item scores
were totaled to obtain an overall HSS score, which could range
from 0-40 points.

Definition of Resting Heart Rate

The American Heart Association defines the resting heart rate
(rHR) as the heart beats per minute (bpm) pumping the lowest
amount of blood someone needs when they are in a resting
position. The rHR can be changed by emotiona state,
medication, or current disease. In this study, wefocused on rHR
because we expected thyrotoxicosisto affect rHR significantly.
We used 3 different rHR parameters according to the
measurement method and calculating algorithm as follows.
On-site rHR is the heart rate measured manually on the right
wrist (ie, radial pulse) in a seated position after at least 10
minutes of resting. To calculate rHR from the HR log generated
by the wearable device, we downloaded daily summary and
detailed HR and activity data from the Fitbit database in
JavaScript object notation (JSON) format using the application
programming interface provided by Fitbit [18]. The process of
data extraction to JSON has been described in detail in a
previous paper [19]. From the HR log collected each day, we
extracted HR data within time windows based on the absence
of physical activity during the preceding 15 or more minutes
and designated the median val ue of the extracted HR astherHR
of each day. In this study, rHR measured by a wearable device
was defined as the mean 5-day rHR value extracted from the
HR log collected by the wearable device before each TFT visit.
The term WD-rHR-own refers to rHR data calculated by the
above-described algorithm. Fitbit has an algorithm for
generating rHR data from the HR and activity logs obtained
from the tracking device. In a similar way, the term
WD-rHR-Fitbit refersto rHR data based on the Fitbit algorithm.
On-site rHR is consistent with the conventional definition of
rHR, but the concept of WD-rHR does not guarantee that the
participant isin aresting position during the measurement. This
is because a lack of physical activity as detected by the device
does not necessarily mean they are in a resting position.
Although the exclusion criteria could control medication and
other diseases, the emotional state was not controlled or
evaluated in this study.

Anthropometric and Biochemical M easurements

We measured the subjects height and weight while wearing
light clothing and without shoes to the nearest 0.1 cm and 0.1
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kg, respectively. Body mass index was calculated by
determining the ratio between weight and the square of the
height and expressed in kilograms per square meter. Right arm
blood pressure was measured with the subject in a seated
position after at least 10 minutes of resting. Biochemical
measurements including TFT are listed in the Multimedia
Appendix 1. The free T4 assay had an analytic sensitivity of
0.05 nanograms per deciliter (ng/dL), and TSH had an analytical
sensitivity of 0.04 milli-international units per liter (mIU/L)
and functional sensitivity of 0.07 mlU/L. The reference ranges
for free T4 and TSH were 0.89-1.79 ng/dl and 0.3-4.0 mIU/L,
respectively. Thyrotoxicosis was defined based on the results
of the TFT (ie, overt thyrotoxicosis was defined as higher free
T4 and lower TSH levels than respective reference ranges;
subclinical thyrotoxicosis was defined as normal free T4 and
lower TSH levels). All subjectswere examined for the presence
of anti-TSH receptor antibody by radioimmunoassay (Cis Bio
International), and the cutoff for positivity was greater than 1.0
units per milliliter (U/mL).

Data Analysis

Datawere expressed as the mean (SD) or median (interquartile
range). To compare variables between the patient and control
groups, we used Student t test or the Mann Whitney U test for
continuous variables and the chi-square test or Fisher exact
probability test for categorical variables. Repeated measures
analysis of variance (ANOVA) or Friedman test were used to
analyze changes in thyroid hormone levels and associated
parameters (HSS, on-site rHR, and WD-rHR) during the study
period. The relationship between thyroid hormone levels and
each associated parameter was determined by linear model
generalized estimating equation (GEE) anayses. The
relationship between thyrotoxicosis, defined as 1.8 ng/dL or
more of free T4, and each associated parameter was assessed
using binary logistic model GEE analyses. Odds ratios (OR)
and 95% Cl were computed per one standard deviation increase
in these variables to the risk of thyrotoxicosis. A two-tailed
P<.05 was considered statistically significant. All statistical
analyses and data preparation were performed using IBM SPSS
Statistics (version 20.0; IBM Corp, Armonk, NY, USA) and R
(version 3.3.3; The R Foundation for Statistical Computing,
Vienna, Austria).

Results

Participant Baseline Characteristics

Participant baseline characteristics are summarized in Table 1.
Therewere no differencesin age, sex ratio, or body massindex
between the 28 patients with thyrotoxicosis (ie, 25 diagnosed
with GD, 3 with thyroiditis) and the 10 controls. As expected,
on-siterHR in the thyrotoxicosis group was significantly higher
than that in the control group. Blood pressure did not differ
between the groups. Therewas asignificantly higher HSS score
and free T4, and lower TSH, in the thyrotoxic patients compared
with the controls. Also, there were significant differences
between the 2 groups on several parameters known to berelated
to thyrotoxicosis, including total cholesterol, serum creatinine,
platelets, and liver enzymes. The mean duration of observation
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was 3.27 (SD 1.21) months for all subjects, which was longer
in thyrotoxic patients than in controls.

Changesin Thyroid Function and Associated
Parameters

In thyrotoxic patients, thyrotoxicosis improved with treatment,
as shown by decreased serum free T4 levels through the third
visit. Serum TSH levels remained unchanged during the
observation period (Table 2). Thyroid function was not fully
restored in all patients by the end of the study, at which time 6
patients improved to a euthyroid state, 17 remained
sub-clinically thyrotoxic, and 5 were still overtly thyrotoxic

http://mhealth.jmir.org/2018/7/e159/
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(data not shown). HSS, on-site rHR, and WD-rHRs also
decreased with treatment in the thyrotoxicosis group through
thethird visit (Table 2 and Figure 2). This study was scheduled
to terminate after the third visit but was extended, with patient
consent, in those whose thyroid function was not restored. Thus,
increased free T4, HSS, and WD-rHRs were apparent after the
fourth visit because only patients whose thyroid function had
not yet recovered were retained in the study through afifth visit.
The control group completed the study at the third visit, and
none of their thyroid hormone levels or associated parameters
differed between visits.
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Table 1. Baseline characteristics.

Characteristics Thyrotoxicosis (n=28) Control (n=10) P value
Age (years), mean (SD) 34.9 (10.9) 34.1(5.9) 788
Gender, n (%)

Mae 10 (36) 3(30)

Femae 18 (64) 7 (70) 53°
Body mass index (kg/mz), mean (SD) 20.6 (4.7) 20.7 (1.6) 932

Blood pressure (mmHg), mean (SD)

Systolic blood pressure 130.2 (14.3) 124.6 (11.4) 278

Diastolic blood pressure 78.1 (10.6) 70.6 (9.6) .062
On-site resting heart rate (opm°), mean (SD) 101.6 (14.5) 81.9 (14.8) .0012
Hyperthyroid symptom scale, mean (SD) 12.5(10.0) 05(2.8) <.001¢

Thyroid function test

Free thyroxine (ng/dL), mean (SD) 3.08 (1.09) 1.36 (0.12) <.0012

Thyroid stimulating hormone (mlU/L), median (IQR®) 0.01 (0.00) 1.33(1.19) <.001¢
Thyrotropin-binding inhibitory immunoglobulin (IU/L), median (IQR) 4.2 (10.3) — —
Glucose (mg/dL), mean (SD) 105.8 (18.6) 96.6 (23.1) 242
Blood urea nitrogen (mg/dL), mean (SD) 13.0(2.9) 11.7 (2.4) 208
Creatinine (mg/dL), mean (SD) 0.50 (0.20) 0.69 (0.19) 0128
Total cholesterol (mg/dL), mean (SD) 141.7 (22.1) 180.2 (22.8) <0012
Total protein (g/dL), mean (SD) 7.1(0.5) 7.2(0.4) 377
Albumin (g/dL), mean (SD) 4.3(0.3) 44(0.3) A7?
Tota bilirubin (mg/dL), mean (SD) 0.69 (0.30) 0.65 (0.26) 692
Aspartate aminotransferase (mg/dL ), mean (SD) 26.4 (10.4) 18.3(3.1) .0012
Alanine aminotransferase (mg/dL ), mean (SD) 33.1(22.0) 15.1(7.9) 0228
White blood count (no/mm3), mean (SD) 5347.3 (1980.1) 5857.0 (1397.6) 462
Hemoglobin (mg/dL), mean (SD) 14.0 (1.44) 13.6 (1.4) 422
Platelet (no/mm®), mean (SD) 182,200 (118,600) 276,600 (59,100) 022

#Derived from Student t test.

PDerived from Fisher exact probability test.
®bpm: beats per minute.

4Derived from Mann Whitney U test.
®IQR: interquartile range.
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Table 2. Change of thyroid function and associating parameters during the study period in thyrotoxicosis and control groups.

Leeetd

Thyroid function test results and associated parameters Visit 1 Visit 2 Visit 3 Visit 4 Visit5 Pvalue?

Thyrotoxicosis group, n 28 28 28 23 5 —
Free thyroxine (ng/dL), mean (SD) 3.08(1.09) 202(061) 166(0.64) 160(059) 1.96(0.39) <.001°
Thyroid stimulating hormone (mlU/L), median (IQR®) 0.01(0.00) 0.01(0.000 0.01(0.13) 0.01(0.10) 0.01(0.20) 114¢
Hyperthyroid Symptom Scale, median (IQR) 125(10.0) 55(7.8) 4.0(8.8) 35(4.5) 7.0(4.5) <.001¢
On-site resting heart rate (bpm®), mean (SD) 101.6 (145) 94.4(154) 90.1(17.6) 855(12.0) 835(4.0 .015°
WD-rHR-own' (bpm), mean (SD) 88.0(115) 829(10.9) 75.9(8.8) 76.2 (8.0) 72.7 (7.2) <.001°
WD-rHR-Fithit? (bpm), mean (SD) 822(125) 768(95  70.8(84) 714(78) 747(98)  <.001°

Control group, n 10 10 10 — — —
Free thyroxine (ng/dL), mean (SD) 1.36(0.12) 137(0.13) 1.35(0.100 — — 285P
Thyroid stimulating hormone (mlU/L), median (IQR) 133(1.19) 162(221) 206(121) — — 236°
Hyperthyroid Symptom Scale, median (IQR) 05(2.8) 0.0(2.0) 0.0(2.0) — — 5049
On-site resting heart rate (bpm), mean (SD) 81.9(148) 81.0(132) 76.4(112) — — 250°
WD-rHR-own (bpm), mean (SD) 65.8(80) 632(74) 645(9.2) — — 3740
WD-rHR-Fitbit (opm), mean (SD) 665(8.2) 643(7.3) 643(7.7) — — 101P

3visit 1 to 3 were compared both in thyrotoxicosis and control groups.

bDerived from ANOVA with repeated measures with a Greenhouse-Geisser correction.

YIQR: interquartile range.
dDerived from Friedman test.
Sopm: beats per minute.

fWD-rHR-own: the resti ng heart rate from wearable device derived by own agorithm.
9WD-rHR-Fithit: the resting heart rate from wearable device derived by Fithit algorithm.

Association Between Serum Free Thyroxine Levels
and Each Associated Parameter

Linear model GEE analyses were performed to verify the
relationship between serum free T4 levels and each associated
parameter (ie, HSS, on-site rHR, WD-rHR-own, and
WD-rHR-Fithit). In these analyses, the mean (SD) of each
parameter were standardized to 0 and 1, respectively, to compare
each parameter’srel ationship with free T4 level s and with each
other. Before standardization, the 1SD of HSS, on-site rHR,
WD-rHR-own, and WD-rHR-Fitbit were 6.3, 15.8, 11.4, and
11.2, respectively in thyrotoxic patientsand 6.3, 16.2, 11.4, and
11.4inall study participants. Although all parametersanalyzed
were significantly associated with serum free T4 levels in
thyrotoxicosis patients and in al study participants,
unstandardized beta for serum free T4 level by an increase of
1 SD of on-site rHR was relatively lower than those of other
parameters (Table 3). To control thyrotoxicosi s symptoms, some
patients took a beta blocker intermittently. We performed the

http://mhealth.jmir.org/2018/7/e159/

sameanalysis, dividing the patient group into beta blocker users
(n=13) and nonbeta bl ocker users (n=15), which did not change
the interpretation of the results (Multimedia Appendix 1).

Odds Ratio of Each Associated Parameter for
Thyrotoxicosis

The relationship between thyrotoxicosis, defined as 1.8 ng/dL
or more of free T4, and each associated parameter was assessed
with binary logistic model GEE analyses. All parameters
analyzed were significant for predicting thyrotoxicosis (Table
4). Also, in this analysis, OR for thyrotoxicosis by a 1 SD
increasein on-site rHR was relatively lower than those of other
parameters, HSS, WD-rHR-own, and WD-rHR-Fitbit, which
showed similar ORs (Table 4). These findings were consistent
when analyzing beta blocker users and nonusers separately,
except that on-site rHR was nonsignificant for predicting
thyrotoxicosis in the nonbeta blocker users (Multimedia
Appendix 1).

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 7 [e159 | p.261
(page number not for citation purposes)


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

JMIR MHEALTH AND UHEALTH Lecetd

Figure 2. Change of serum free thyroxine (T4) levels (A), hyperthyroid symptom scale (B), on-site heart rate (C), and resting heart rate from wearable
device (D) during the study period. HSS: Hyperthyroid Symptom Scale, rHR: resting heart rate, WD-rHR-own: rHR from wearable device derived by
own agorithm, WD-rHR-Fitbit: derived by Fitbit algorithm. Error bars represent 95% CI of the means.
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Table 3. Linear model generalized estimating equations analyses for the association between free thyroxine and associating parameters. Parameters
standardized to the same mean and SD (mean 0, SD 1.0) for comparison and analyzed separately.

Association between free thyroxine and parameters Unstandardized beta 95% ClI P value

Thyrotoxicosis group only

Hyperthyroid Symptom Scale .504 0.333-0.674 <.001
On-siteresting heart rate .362 0.122-0.602 .003

WD-rHR-own® 465 0.300-0.630 <.001
WD-rHR-Fitbit? 513 0.331-0.694 <.001

All groups

Hyperthyroid Symptom Scale 541 0.394-0.687 <.001
On-siteresting heart rate .396 0.204-0.588 <.001
WD-rHR-own 492 0.367-0.616 <.001
WD-rHR-Fitbit 515 0.375-0.656 <.001

AWD-rHR-own: resting heart rate from wearable device derived by own algorithm.
BWD-rHR-Fitbit: resti ng heart rate from wearabl e device derived by Fitbit algorithm.
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Table 4. Binary logistic model generalized estimating equations analyses for the association between thyrotoxicosis and associating parameters.
Parameters are standardized to have same mean and SD (mean O, SD 1.0) for comparison and analyzed separately.

Association between free thyroxine and parameters Oddsratio 95% ClI P value
Thyrotoxicosis group only
Hyperthyroid Symptom Scale 2.614 1.612-4.238 <.001
On-siteresting heart rate 1.648 1.047-2.594 .031
WD-rHR-own? 2.475 1.470-4.166 <.001
WD-rHR-Fithit” 2.863 1.649-4.970 <.001
All groups
Hyperthyroid Symptom Scale 3.601 2.190-5.923 <.001
On-site resting heart rate 2114 1.365-3.273 <.001
WD-rHR-own 3.840 2.113-6.978 <.001
WD-rHR-Fithit 3.843 2.067-7.144 <.001

3WVD-rHR-own: resting heart rate from wearable device derived by own algorithm.
BWD-rHR-Fitbit: resti ng heart rate from wearable device derived by Fitbit algorithm.

Discussion

Prinicipal Findings

To evaluatetheclinical feasibility of wearable device generated
datafor the management of thyrotoxicosis, we investigated the
association between HR data collected by activity trackers and
thyroid function across the clinical course of thyrotoxicosis.
Our resultsdemonstrated that both rHR measured by awearable
device and HSS were significantly associated with thyroid
function.

It is well known that the thyroid hormone has a positive
chronotropic, inotropic effect, meaning that it stimulates the
rate and force of systolic contraction and the rate of diastolic
relaxation [ 7]. Therefore, thyrotoxicosi sincreases systolic blood
pressure and HR and widens pulse pressure [20]. In this study,
thethyrotoxicosis group showed el evated on-site rtHR compared
with the control group. Mean values for systolic and diastolic
blood pressures were higher in the thyrotoxicosis group, but
this difference was not statistically significant. Also, severa
parameters known to be associated with thyroid function differed
between the thyrotoxicosis and control groups. Many studies
have reported that the thyrotoxic condition decreases serum
creatinine levels[21,22] and improves lipid profiles, including
total cholesterol [23,24]. Thyrotoxicosisincreasesliver enzyme
levels owing to relative hypoxia in the hepatic perivenular
regions [25,26]. Although reports have conflicted, relatively
low platel et countsin thyrotoxic patients have al so been reported
[27,28]. Our basdline results were consistent with these previous
reports.

HSS, on-site rHR, WD-rHR-own, and WD-rHR-Fitbit were
decreased as thyrotoxicosisimproved and these variables were
all associated with serum free T4 levels and thyrotoxicosis in
linear and binary logistic model GEE analyses, respectively.
Interestingly, standardized on-site rHR showed relatively lower
betafor serum free T4 level and alower OR for thyrotoxicosis
compared with other standardized parameters in the GEE
analyses. On-siterHR isaone-time measurement of oneclinical
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aspect, while HSSis a one-time measurement of several clinical
aspects and WD-rHR is cal culated from continuously monitored
datafor oneclinical aspect. These differences can explain on-site
rHR's relatively weak correlation with thyroid function
compared with HSS or WD-rHR. Similar beta and ORs and
their 95% Cl s between standardized HSS and WD-rHR suggest
that WD-rHR calculated from continuously collected, detailed
data by wearable devices may be used to assessthyroid function
statuswith similar accuracy and precision with HSS, avalidated
assessment tool known to reflect thyroid function, but which
also requirestime and an educated scorer [29,30]. Considering
the time and effort required for evaluating HSS, WD-rHR, a
simple parameter based on a large volume of detailed HR and
activity data, could be a better predictor because the patient
could get theresultsonly by wearing the device. Evenif patients
measure their rHR manually between clinic visits, they still
need to maintain aresting position without activity for 10to 15
minutes. This makes it callenging to measure rHR manually
several times daily. Taken together, WD-rHR is not only as
accurate as a multi-dimensional assessment tool developed for
eva uating thyrotoxic status, but also easier to measure compared
with other assessment tools or conventional methods of
measuring rHR.

Current wearable devices alow highly detailed, longitudinal
measurement of physical indices. Thislarge volume of clinical
information (ie, “high definition data’) may provide more
accurate and objective information than subjective symptoms
or physical signs recorded at clinic visits, which can be
influenced by diurnal variation, emotional state, and other
factors[31]. Inthisstudy, we calculated rHR from continuously
monitored HR and physical activity data. Similar to manually
measured HR, HR measured by wearable devices can also be
affected by various factors, such as body position or emotional
state. This influence cannot be selectively removed in the
process of extracting rHR from collected HR data because these
factors cannot be detected by the device we used. With the
algorithm we used to calculate rHR, we could remove only the
influence of physical activity, which can be detected by the
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device. However, continuously monitored high definition data
could blunt the influence of other factors. As mentioned above,
we selected rHR as a median HR value from data collected
within a given time window without physical activity during
the day. This agorithm might minimize the effect of daily
repeated short-term factors such as emotional state or body
position. However, long-term and continuous factors, such as
disease status, still influencethe data. Therefore, WD-rHR-own
might reflect the disease state of thyrotoxicosis more accurately
than on-site rHR. Although the algorithm for extracting resting
HR provided by Fitbit is proprietary and undisclosed, the basic
concept is not different from ours, and WD-rHR-Fitbit showed
a similar association with thyroid function compared with
WD-rHR-own. Based on the results of the present study, we
suggest that WD-rHR shows reasonable a prediction of thyroid
function in thyrotoxic patients. Also, the development of a
wearable device capable of measuring other parameters such
as sweating, tremor, or respiration rate would further improve
accurate prediction of thyroid function status. Therefore,
“high-definition medicine”, through wearable devices, shows
current capability and future potential initsclinical application
inthisfield.

This study has some significant clinical implications. Although
monitoring thyroid function using wearable devices cannot
replace TFT, it could aid the management of thyrotoxicosis.
During thetreatment of GD, most patients are expected to repeat
the TFT every one to two months regardless of their response
to ATDs, and the interventions including dose adjustment of
ATDs are provided with the same time interval. Monitoring
thyroid function using wearable devices may provide patients
with individualized, flexible, and more accurate interventions
during treatment and foll ow-up, minimizing inconvenience and
costs. Moreover, about 50% of patients have been reported to
relapse within two years after discontinuing ATD, even if they
were treated according to the recommended guidelines [32].
Monitoring during everyday life using wearable devices may
enable early detection of disease recurrencein patientswho are
inremission after treatment. Although further studies are needed,
these results may be applied to the monitoring of drug-induced
subclinical thyrotoxicosisin patientswith differentiated thyroid
cancer (DTC) who are undergoing TSH-suppressive therapy
(ie, maintaining iatrogenic subclinical thyrotoxic status using
thyroid hormone over-replacement). TSH suppressive therapy
is recommended to prevent the growth of DTC [33], but
over-suppression of TSH increases risks of fracture and
cardiovascular disease [34-36]. Therefore, asimple monitoring
tool during TSH-suppressive therapy, such asawearabledevice
in everyday life, might help maintain appropriate intensities of
TSH suppression. We have developed a web application to
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predict thyrotoxicosis using rHR data from wearable devices
[37] based on the results of this study. Since the present study
wasasmall, observational, preliminary study, additional studies
are planned to investigate the clinical usefulness of this
application for thyrotoxic patientsand DTC patients undergoing
TSH suppressive therapy.

The primary strength of the study was that it contributes to the
literature by monitoring HR throughout the day using wearable
devices, for the first time, in patients with thyrotoxicosis. The
clinica evidence provided herein may inspire further
investigations and clinical applications of biosignals monitored
by wearable devicesin thyroid dysfunction. The other strength
is that we used commercially available wearable devices and
mobile applications. Thus, our results can be immediately
applied to the management of thyrotoxic patients and provide
a ready-to-use agorithm for making Web-based or mabile
applications for managing thyrotoxicosis.

This study also has some limitations, which should be
considered when interpreting the results. First, it was likely
easier for younger people, who are adept at using mobile phones
and wearable devices, to participate in the study, although the
participants' ranged from 18to 60 years of age. Also, signssuch
asincreased HR owing to thyrotoxicosis may not be as evident
in the elderly [5]. Therefore, it may be difficult to apply the
results of this study to those aged over 65 years. However, the
ages of the participants in this study were similar to the
population in which thyrotoxicosis is most prevalent, and the
results of this study can likely be applied to those who can use
mobile phones and wearable devices. Second, this study has a
small sample size and imbalance between patient and control
group sizes, as well as the single-center based design. Among
the 30 thyrotoxic patients, only 3 patients were diagnosed as
thyroiditis, and we could not perform statistical analyses in
these three patients separately. We analyzed the patients with
GD only, and the results showed the same tendency asthosein
all patients (Multimedia Appendix 1). Despite the imbalance
between patient and control group sizes, all statistical powers
of the analyses in Table 1 and 2 were over 90%. Further
investigations, including more participants and study sites, are
needed to confirm the results of this study.

Conclusion

In conclusion, our resultsindicate that rHR datafrom wearable
devices show reasonable predictability of thyroid function in
patients with thyrotoxicosis. This parameter can be measured
relatively simply and may be useful aswell asclinicaly feasible
for the management of thyroid dysfunction. This study is a
starting point for the clinical application of high-definition
medicine in the management of thyroid disease.
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