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Abstract

With the expansion and popul arity of research on websites such as Facebook and Twitter, there has been increasing concern about
investigator conduct and social media ethics. The availability of large data sets has attracted researchers who are not traditionally
associated with health data and its associated ethical considerations, such as computer and data scientists. Reliance on oversight
by ethics review boards is inadequate and, due to the public availability of social media data, there is often confusion between
public and private spaces. In addition, social media participants and researchers may pay little attention to traditiona terms of
use. In this paper, we review four cases involving ethical and terms-of-use violations by researchers seeking to conduct socia
media studiesin an online patient research network. These violations involved unauthorized scraping of social media data, entry
of false information, misrepresentation of researcher identities of participants on forums, lack of ethical approval and informed
consent, use of member quotations, and presentation of findings at conferencesand in journal s without verifying accurate potential
biases and limitations of the data. The correction of these ethical |apses often involves much effort in detecting and responding
to violators, addressing these |apses with members of an online community, and correcting inaccuraciesin theliterature (including
retraction of publications and conference presentations). Despite these corrective actions, we do not regard these episodes solely
as violations. Instead, they represent broader ethical issues that may arise from potential sources of confusion, misinformation,
inadequacies in applying traditional informed consent procedures to social mediaresearch, and differencesin ethicstraining and
scientific methodology across research disciplines. Social mediaresearch stakehol ders need to assure participantsthat their studies
will not compromise anonymity or lead to harmful outcomes while preserving the societal value of their health-related studies.
Based on our experience and published recommendations by social media researchers, we offer potential directions for future
prevention-oriented measuresthat can be applied by data producers, computer/data scientists, institutional review boards, research
ethics committees, and publishers.

(J Med Internet Res 2019;21(2):€11985) doi:10.2196/11985

KEYWORDS
ethical issues; socia media; data sharing; privacy; informed consent; data protection; data anonymization

[4], health promotion [5], user health-communication patterns
[6], and mutual medical data sharing between patients[7]. Some
researchers have adopted a more participatory approach by
engaging high-risk groups such as drug users to detect trends

Introduction

According to the Pew Research Center [1], the mgjority of
Americans use social mediawebsites such as Facebook (68%)

and YouTube (75%), with roughly a quarter to one-third using
other sites such as Snapchat, Instagram, LinkedIn, and Twitter.
The sheer volume of data arising has proved to be an inviting
target for both social good and ethically questionable practices
alike. Social media data have driven important public health
research, including monitoring disease outbreaks[ 2], predicting
health risk behaviors [3], accessing hard-to-reach populations

http://www.jmir.org/2019/2/€11985/

and encourage harm reduction [8]. The analysis of these data
has ushered in avariety of innovative analytic techniques such
asnatural language processing, network analysis, deep learning,
and geolocation to provide further insight into these large
datasets [9].

With such arapidly evolving landscape, this area has been no
stranger to ethical controversy [10,11]. Ethical questions have
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arisen in highly publicized cases such as the Facebook social
contagion study [12,13], the release of an OK Cupid dataset of
70,000 users[14], and most recently, the use of 50 million user
profiles on Facebook by Cambridge Analytica during the 2016
US presidential campaign [15]. In each of these cases, large
quantities of user profile data compromised user privacy or
mani pulated users through targeted messaging.

Academic reviews suggest that there is “widespread neglect”
of ethical considerations by social mediaresearchers[16], such
asinadequate informed consent, lack of researcher boundaries,
reposting of personally identifiable content, and deliberate
misrepresentation or deception [16] [17,18,19]. A recent study
found that online searches of verbatim Twitter quotes found in
journal articles can be tracked back to individual users 84% of
the time [17], despite users’ lack of awareness of this sharing,
resistance to being studied, and desire to consent to these
practices [18,19]. Some researchers misrepresent themselves
or engage in deception to engage with social media participants
[20]. Many researchers assumethat social mediadataarein the
public domain, obviating the need for consent altogether [21].

There may be several reasons for these challenges. Firdt,
researchers conducting studiesin the United States may believe
that approval by institutional review boards (IRBS) is sufficient
for addressing ethical considerations. A recent review of 156
academic studies mining social media found that ethical
considerations were limited only to minimum reguirements for
IRB approval, rather than broader ethical considerations (eg,
privacy, public and private spaces, and original contexts for
providing data) [16]. Only 13 of 156 (8%) studies mentioned
ethical considerationsbeyond IRB approval. Researchersrelying
on the US Department of Health and Human Services
(USDHHS) Common Ruleguiddineto bypassinformed consent
when research does not involve an intervention or uses*“ existing
data sets’ inadequately address these ethical concerns [22],
which may be further amplified in stigmatized conditions such
as mental illness [23]. Second, IRB members may lack
consensus among themselves on the IRB review process in
social computing research, the need for informed consent, their
own regulatory obligations, and criteria for evaluating social
media projects on a case-by-case basis[24]. Third, considering
social media users as just another class of traditional “human
subjects’ misses the mark. Critics also suggest that traditional
definitions of terms such as “human subject,” “informed
consent,” privacy, ownership of data, terms of use, and private
and public settings are too narrow for online contexts [21].
Finally, current regulations such as the USDHHS Common
Rule emphasize risk mitigation at the initial stages of
research—study design and data collection—rather than at later
stages that involve access to and dissemination of data [25].
Informed consent collected at a single point in time may not
account for the “ drift” that occursin a participant’s willingness
to share data [26].

Outside of the United States, there are awide variety of national
research ethics governing bodies and over 1000 laws,
regulations, and standards that provide oversight for human
subjects research in 130 countries [27]. The rigor of ethical
review varies widely across countries. In Europe, ethicsreview
is generaly stringent and managed through national bioethics
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agencies, health ministries, food and drug safety organizations,
national research committees, etc[27]. Ethical review processes
in countries such as China are less well developed, with alack
of standardization in operating procedures, professional ethics
training, protection of vulnerable groups, and privacy safeguards
[28]. In both of these scenarios, issues of privacy, data
trustworthiness, and consent have yet to be resolved, even with
the advent of the European Union General Data Protection
Regulation (GDPR) [29]. Research ethics committees (RECS)
often lack the expertise to evaluate technical standards,
methodol ogies, data ownership, and group-level ethical harms
in big data studies [30]. Taken together, these issues suggest
that international ethical review frameworks continue to be
highly challenged by the current dynamic social mediaresearch
environment.

Second, accessing and de-identifying social media data is not
difficult. Data transgressions can be enabled by the ready
availability of user data combined with the dissemination of
“scraping” technologies that allow easy extraction [31]. Data
scraping and de-anonymizing can be accomplished by
individual s with no more than basic programming and statistics
skills[32]. Unfortunately, privacy has been considered a“ binary
value’—either public or private [33]—rather than a continuum
[34]. While some researchers assume that information shared
in public spaces isinherently available for public consumption
and may be used without consent, it isimportant to respect the
nature of the data, collection context, and user expectations
[33]. Identifiability should not be regarded as a binary value
(either “public” or “private”), but as a continuum based on the
nature and extent of the data[33]. Attempts at de-identification
are anecessary but insufficient to ensure safe use of data[34],
with some researchers warning that true de-identification is a
“false promise” [35]. Re-identification has been accomplished
with relatively limited data available such as Netflix subscriber
movie ratings [32] or simple demographics [36].

Third, the perception that big data are somehow *“objective”
and can be analyzed independent of context is an illusion
[37,38,39]. Social media users post information for reasons
differing widely from what researchers may imagine. For
example, within the PatientsLikeMe platform [40], patients
adopt a broader definition of “treatments’ than clinicians and
researchers. For patients, treatments may include “pets’ and
“handicapped parking stickers’ just as much as medications,
medical procedures, and therapies. Faulty data assumptionsand
researcher biases may cascadeinto poorly built algorithms that
lead to ultimate inaccurate (and possible harmful) conclusions,
termed by O’ Neil [41] as “weapons of math destruction.” It is
important not to dissociate the data from the people behind them
[33]. Even when aggregate data are used and no individual
identification has been made, researchers need to be sensitive
to the potential psychological and behavioral consequences of
findings (particularly with stigmatized or vulnerable groups) as
well as the scale and generalizability of conclusions [23,42].
Thereisarisk of typel error when findings are overgeneralized
[43], thus requiring more mixed methods and longitudinal data
gathering [42].

Fourth, health research has traditionally been conducted by
researchers trained in human subject ethics and overseen by
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established ethics panels. However, the recent growth of “big
data” setsin health has attracted computer science researchers
who may be less well versed or monitored with regard to key
ethical issues [10]. Wright [44] warns that many computer
scientistsare skirting the ethical traditions of medical and social
science professionals, who abide by guidelines such as the
Belmont Report [45] and the USDHHS Common Rule [46].
Buchanan et al [47] suggest that computer science researchers
“may not fully understand or believe that their projects align
with the same ethical concerns that pertain to human subjects,
such as the minimization of risk or harm to individuals,
confidentiality, privacy, or just recruitment methods.”

Several questions arise in this context. How do these ethical
violations occur? How are these violations discovered and
remedied by data producers? Most importantly, what corrective
actions can and should be taken to prevent violations that
compromise the privacy of socia media users? In order to
address these questions, we share four cases involving ethical
and terms-of-use violations that highlight the four challenges
described a&bove. These violations involved the use,
interpretation/misinterpretation, and dissemination of patient
self-reported data and forum posts available at PatientsLikeMe
[40Q]. In this manuscript, our goal is to utilize these cases as a
springboard to protect patient privacy while finding ways of
meeting investigators legitimate public heath research
objectives.

Case Studies: Real-World Experiences
From an Online Health Community

The following four cases provide examples of ethical and
methodol ogical issuesthat arise when researchers gather social
mediadata without observing the website' sterms of use. These
cases have been selected as representatives of the breadth of
issues encountered over 12 years (typically, at arate of one or
two per year) at PatientsLikeMe, an online patient community
devoted to research (Textbox 1).

Each of the casesillustrates a different set of ethical problems.
We have applied the health-related research ethics guidelines
created by the Council for International Organizations of
Medical Sciences (CIOMS) in conjunction with the World
Health Organization [48] as a primary framework for these
Cases.

For the purposes of this paper, we will distinguish the ethical
violations from terms-of-use violations, which represent alack
of adherenceto website-specific policiesor approval to conduct
research-related activities. Thelack of attention to terms of use
by prospective users accessing various websites and apps has
been well documented [49] and should be distinguished from
the ethical violations noted earlier. Terms-of-use viol ations may
include participation in waysthat do not conform to the purpose
of the forum, posting false content, unauthorized scraping of
data, or alack of authorization to conduct research by the data
producer. There is certainly potential for these concepts to
overlap, particularly on websites that involve the sharing of
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personal health information. Table 1 describes the types of
violations aswell as CIOMS guidelines that apply to the cases
in this manuscript.

Because we aimed to remain transparent, we emailed the
prepublication manuscript to the researchers represented in
Cases 2-4 below (Case 1 has aready been publicized in the
national press). After providing 1 month for responses but
receiving none, we moved forward with the final manuscript.
We have not named specific researchers or papersin Cases 2-4
in order to preserve their anonymity.

Case 1: Large-Scale Data Scraping by Commercial
Market Researchers

Background

In awell-publicized 2009 incident reported in the Wall Street
Journal [50], staff at the company Nielsen Media sought to
understand how patients with mental health conditions talked
about the company. The company created an unauthorized
account on PatientsLikeMe and used automated “scraper”
software to begin copying open-text discussion data from the
message board forums. In total, they harvested about 5% of the
mood disorder forum’s qualitative discussion content for an
undisclosed commercial client. Our team detected the scraping
software, suspended the account (and three others linked to it)
shortly after it was initiated, and emailed the company to ask
them to stop.

Relevant Terms of Use and Ethical Guidelines

Because this was considered “market research,” no IRB was
involved. For market researchers, the level of ethical oversight
isnot the same asthat for academic researchersin most studies.
However, professional bodies such as the Market Research
Association state that members should “Protect the rights of
respondents, including the right to refuse to participate in part
or al of the research process,” among other guidelines [54].
Market researchers may need to develop their own standards
related to health-data gathered online or endorse existing
guidelines. For example, the Association of Internet Researchers
recommends that researchers obtain consent from either
participantsindividually or community owners[21]. Harvesting
sensitive data from people with mental health issues aso
warrants consideration of vulnerable populations; without proper
proceduresin placeto ensure datawere handled correctly, there
isarisk of re-identification. Scraping only the visible data (as
opposed to accessing a full dataset) risks drawing spurious or
biased conclusions.

Response

We emailed the company with a cease-and-desist letter.
PatientsL ikeM e sent aprivate message to its entire membership
describing the incident and wrote a blog post about it. As a
result, about 200 members decided to close their accounts. Six
months later, reporters at the Wall Street Journal investigated
the story as part of a series looking at scraping activity on the
Web, and the incident was reported on the newspaper’s front

page [50].
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Textbox 1. Description of PatientsLikeMe.

PatientsLikeMe is an online community of over 600,000 people living with about 2900 medical conditions including amyotrophic lateral sclerosis,
mood disorders, HIV, and rare diseases [51]. As part of the membership, individuals who are interested in joining the site are asked to review our user
agreement [52] and privacy policy [53]. The user agreement describes acceptable lawful use, inappropriate posting practices, and restriction of content
use within the site. The privacy policy provides clear and transparent communication about data as well as rights to see, correct, and delete data; get
notified if data are stolen; and request that data processing stop.

The PatientsLikeMe privacy policy is written in plain language and allows patients to review, correct, or delete their data. Patients may self-report
their conditions, treatments, symptoms, and patient-reported outcome measures (reporting as much or as little as they like) and are able to look at
aggregated reports to help decide how they might better manage their condition. Most individual “profiles’ are only viewable to other members, who
must “log in” to the site after registering with an email address, while some aggregate data reports are viewable from the “logged out” part of the
website. Although patients are comfortable anonymously sharing their datawith vetted researchers[29], there are many ways in which an uninformed
external researcher could misinterpret theway dataare collected or be unaware of known biasesthat are familiar to our internal researchers. In addition,
anyone entering “fake data’ can potentially trigger negative consegquences for data quality and, potentially, even patient safety.

PatientsLikeM e has adopted this model because patients lack accessto information that can affect their treatment decisions. Sharing “real world” data
allows patients, providers, and researchers to collaborate in evaluating current treatment effectiveness, gapsin treatment, and potential new and better
treatments. This collaboration can speed the pace of research and improve health care delivery. To facilitate this mission, PatientsLikeMe is funded
through investment, aswell as commercial and academic research partnerships, rather than advertising or member fees. Because of the serious nature
of health data, PatientsLikeMe has been committed to applying these data responsibly toward patient-centered goals and implementing a “data for
good” philosophy. Responsible big data research seeks soundness and accuracy of data while maximizing good and minimizing harm [33].
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Table 1. Case violations and Council for International Organizations of Medical Sciences guidelines.

Violation type Casel- Commer-  Case2- De- Case3-Fakeprofile Case4-Multiple  Rgeyant CIOMS?
cial scraping anonymizationof ~ data scraper bots guideline number
forum user
PLMP terms-of-use violations
Not a patient, caregiver, health [0 d ad O 7,22
care professional, or visitor
with legitimate reasons to par-
ticipate®
Posting false content® 0 4,11
Useof any robot, spider, scrap- [ g a 7,12, 22
er, or other automated means
to access the site or content®
Lack of research authorization [ d d d 7,8,9,10, 22,25
by PLM'
Ethical violations
De-identifying patient datain O 4,11, 14, 15, 22
any way
Inadequate/no informed con- ad ad 9, 10, 12, 22
sent
Fdseidentification or misrepre- O ad 4,22
sentation
Verbatim use of user posts d 4,11, 12, 14,15, 22

8CIOMS: Council for International Organizations of Medical Sciences.
BpLM: PatientsLikeMe.

®PLM user agreement: “To become amember and access the area on this Site reserved for members (the ‘Member Area’), PatientsLikeMe requires that
you are either a (a) diagnosed patient of the particular community you are joining or a parent or legal guardian acting for such a patient who is under
18 years of age or incapacitated, (b) caregiver for a patient eligible to join such community, (c) health care professional (e.g. doctor, nurse, health
researcher, etc.), (d) guest with legitimate, non-commercial reasons to participate in the community and who agrees to respect the privacy and preserve
the dignity of all community participants or (€) guest as authorized by a PatientsLikeMe member or employee”

dPLM user agreement: “Members shall not post or upload any information or other content on the Site that (a) is false, inaccurate or misleading; (b) is
obscene or indecent; (c) infringes any copyright, patent, trademark, trade secret or other proprietary rights or rights of publicity or privacy of any party;
or (d) is defamatory, libelous, threatening, abusive, hateful, or contains pornography.”

€PLM user agreement: “You may not use any robot, spider, scraper, or other automated means to access the Site or content or services provided on the
Site for any purposes.”

'PLM user agreement: “Please note that under our terms of service, you are not permitted to capture or utilize data from within the site nor to solicit

members through our forums or private message to take part in your study.”

Resolution

In the Wall Street Journal article, a company representative
stated, “It was a bad legacy practice that we don't do
anymore...It's something that we decided is not acceptable, and
we stopped.” Corrective efforts included upgrading our
automated  scraper-detection  software, clarifying how
commercia researchers could contact PatientsLikeMe for
authorization, determining which actions are permissible and
not permissible on the site, and sustaining communication with
our members about the implications for their data and further
participation on the site.

Case 2: De-anonymization of Individual Forum
Members

Background

Around 2014, computer science researchers at a European
university developed an agorithm that could be used to

http://www.jmir.org/2019/2/€11985/

de-identify highly sensitive medical data, which individuals
might choose to share on social networks in order to reduce
their risk of personal identification. The system involved
automated methods for determining the“identifying information
content” of agiven piece of data (ie, “I’'m awoman living with
amenta health condition for the past two years’ vs“my name
is Susan and | was diagnosed with bipolar disorder in Boston
on June 2, 2016"). In order to illustrate their approach, they
provided in their manuscript a verbatim text quote from a
member discussing how they came to be diagnosed with HIV.
Theauthors published their study, whereupon a Google Scholar
Alert notified us that the research had taken place.

Relevant Terms of Use and Ethical Guidelines

No formal ethics review was conducted, which may have
contributed to the oversight. Interms of accessibility, whilethis
story was “shared online,” it was on a private profile accessible
only to other patients logged into the site. Searching for the
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verbatim text within the logged-in area of PatientsLikeMe
quickly identified the member concerned. Although
de-identification is never foolproof (and indeed, this was the
point of the study itself), if the patient had decided to change
his’her mind and delete the data or close their PatientsLikeMe
account, the quote and the patient’s association with it could
have persisted permanently within the scientific literature.
CIOM S guideline 22 on the use of data obtained from the online
environment states, “When researchers use the online
environment and digital tools to obtain data for health-related
research they should use privacy-protective measuresto protect
individuals from the possibility that their personal information
is directly revealed or otherwise inferred when datasets are
published, shared, combined or linked [55]." Additional
considerations should have been given, as HIV is a highly
stigmatized condition.

Response

During other similar incidents in the past, reaching out solely
totheauthorsor their ingtitutions often failed to yield aresponse.
Asaresult, we emailed the authors and the journal editor with
our concerns to ensure this issue would be dealt with

appropriately.
Resolution

As no specific patient data were mentioned in the papers, no
data were scraped from the site. The focus was a theoretical
algorithm, and all parties quickly realized their error. A partial
retraction was agreed upon to replace the verbatim quote with
a synthetic quote. PatientsLikeMe notified the member
concerned. Although CIOMS guideline 22 speaks to research
in the online environment, the guidance is general instead of
recommendations for best practices for every platform. More
specific advice for preventing risk to patients can be found from
NatCen's Social Research guidance, which recommends*” (Test)
the traceability of atweet or post and (take) responsible steps
to inform the user and protect their identity, if desired. Best
practices include paraphrasing instead of verbatim quotes and
not using an individua’s handle/user name.”

Case3: Researcher Misrepresentation and Fake Profile
Data

Background

Researchers at a European university secured a grant to
investigate the extent to which users of socia networks
thoroughly read and consider the “terms of use” of socia
networks like PatientsLikeMe. To test this in controlled
conditions, 20 students were asked to register accounts on
PatientsLikeMe and compl ete fake data from a prespecified set
of instructions. Focus groups held with the students later
revealed that most of them had not read the terms of use. The
authors published their study, whereupon a Google Scholar
Alert notified us that the research had taken place 10 months
before. Both grant funding and REC approval were sought and
granted for this study, despite the lack of a “letter of support”
from PatientsLikeMe as a potential collaborator.

http://www.jmir.org/2019/2/€11985/
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Relevant Terms of Use and Ethical Guidelines

Deceptive practices such asresearchers mid eading partici pants
about their identity are never acceptable, and we were surprised
that an REC had approved such activity. In our case, researchers
prompted students to enter fake data into a system requiring
log-in, which is used by patients, regulators, and health care
professional's to guide practice and conduct medical research.
CIOM S guideline 1 states, “Although scientific and social value
are the fundamental justification for undertaking research,
researchers, sponsors, research ethics committees and health
authorities have a moral obligation to ensure that all research
is carried out in ways that uphold human rights, and respect,
protect, and are fair to study participants and the communities
in which the research is conducted. Scientific and socia value
cannot legitimate subjecting study participants or host
communities to mistreatment, or injustice.”

Response

We emailed the authors, REC, and funders with our concerns.
The researchers stated that they did not think they needed
permission for a “publicly available forum” and emphasized
that the focus of their research was not medical but
informational, focusing on the “terms of use” rather than the
data of the PatientsLikeMe members themselves. A number of
discussions and arguments had to be put forward to explain to
the researchers why this behavior was wrong in the first place;
one analogy we used was that while students could pretend to
be sick patientsin a hospital waiting room in order to conduct
research on the clarity of signage within the institution, this
would quickly be understood as unethical.

The researchers thought their activities were “outside the
logged-in" parts of the site (which they were not) and that
students had never re-accessed their accounts after the initial
study (which they had). The REC agreed that entering fal se data
was suboptimal behavior, admitted to confusion around some
of the complex technical issues surrounding online research,
and agreed this was an area they would learn more about in
future. The funding body claimed that as the institution had its
own REC, they had no further responsibility to check that the
permissions were in place.

Resolution

As no specific patient data were mentioned in the papers, no
data were scraped from the site, and the focus was indeed the
understanding of the “termsof use.” We agreed with the authors
that apartial retraction in rescinding the name of PatientsLikeMe
from their papers would be enough, along with assurances that
thiswould not happen again. We also agreed that our termsand
conditions could benefit from clarification. Between this
experience and the recent enactment of the European GDPR,
work is underway currently to clarify patients' rightsin terms
of privacy and access to their data and to make explicitly clear
that just because patients share their datawithin the community,
it does not grant researchers the right to use the data. When
making a determination of whether a community is public or
private, the researcher should consider the availability of
information to the general public, member perceptions of
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privacy, sensitivity of content, record permanence, and the
intended audience of the study [20].

Case4: Repeated Scraping Through Multiple Accounts

Background

Computer science researchers at an Asian university sought to
build a neural network capable of determining whether side
effects that members were attributing to a treatment they were
taking might, in fact, be symptoms of their condition; for
example, “trouble slegping” might be caused by their depression
rather than a drug they weretaking. In order to gather test data,
they created an account on PatientsLikeM e and began “ scraping”
data from patient profiles with automated software. When our
security systems were tripped by the software activity, their
account was closed. Over the following 2 weeks, multiple,
seemingly related, accounts were created, many from
“disposable” email accounts, in order to continue scraping,
which were closed as soon as we identified them. With data
from over 5000 users, they prepared amanuscript for acomputer
science conference to be presented a year later, comparing the
reported experience of patients to athird-party data source and
describing their algorithm. The authors published a
preconference proceeding, whereupon a Google Scholar Alert
notified us that the research had taken place 10 months before.

Relevant Terms of Use and Ethical Guidelines

Multiple CIOM S guidelines appeared to be breached, including
respect for rights (guideline 1, no permission or consent was
requested), balancing individual risksand benefitsto participants
(guideline 4, no steps were taken to minimize harm to patients),
community engagement (guideline 7, the data were gathered
covertly), consent (guidelines 9 and 10, no consent was
requested or exempted), use of health data (guideline 12,
patients response to treatment was scraped and analyzed),
vulnerable persons (guideline 15, the focus included members
with severe mental health issues), online environment (guideline
22, the researchers did not inform the community), and ethics
committee review (guideline 23, this work did not undergo
formal ethics review). The researchers did not appreciate that
using a logged-in account was crossing a boundary nor that
active shut down of their accounts by our security team was a
“no entry” signal. In our discussion, the researchers appeared
to feel that because the emphasis of their research was neural
networks, they were “far” from medical data. More traditional
medical researchers would have had to undergo quite
considerableethical oversight, consent, and data privacy policies
to access similar data from a hospital or insurer. Building
systems that used such algorithms to judge the soundness of a
patient report risked diminishing the fidelity of patients' lived
experiences, many, if not most, patient experiences with disease
and treatments cannot be found in medical texts, and few
medical researchers would assume that divergence meant that
the patients were automatically “wrong.”

Response

We emailed the authors, conference chairs, and chair of their
department with our concerns and requested full retraction of
the paper, identification of all scraper accounts, and del etion of
al data. The researchers stated that they had only accessed
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“public” parts of the site, denied having used multiple scraper
accounts, said that the data had been held securely, and
requested they be allowed to anonymize the data source. In
mitigation, they claimed that the paper had received positive
peer reviews from the community. Initially, the conference
chairs were against retraction based on their judgement that no
“material harm” had been doneto PatientsLikeMe, that scraping
the data was technically easy for a researcher to perform, and
that it was unclear whether any laws had been violated.
However, further careful investigation by our security team
revealed that over 50 “bot” accountswere created from the same
rather narrow geographical region during a time period
consistent with the conduct of the methods detailed in the paper.
On further discussion, the authors admitted that “maybe” an
intern had done this. However, scientific record keeping was
lacking, as no systematic records had been kept to verify this.

Resolution

The authors apologized and deleted all locally held data. The
conference chairs accordingly decided that the authors had not
been truthful, and therefore, the study was retracted from the
conference proceedings. PatientsLikeM e notified the members
concerned. Because the authors were not forthcoming about
their activities, our security team had to exhaust significant
resources in determining which accounts were bots and which
users' datahad been accessed, and in refuting the authors' claim.
In addition, significant management resources were consumed
communicating with the authors and other parties, and
communication resources were used in messaging the affected
users.

Discussion

Overview

These case studies highlight the broad challenges that arise
when researchers gather social media data without prior
authorization. The current literature on social media ethics
emphasizes issues such as “terms of use,” “informed consent,”
and “data privacy,” but the practica implications of these
infractions creates ripple effects on patients and the staff
responsible for protecting their data. Researchers may gather
data to satisfy their scientific goals but should balance these
with potential adverse effects on patients, the company affected
by the terms of use violation, and the validity of their research
enterprise. Thelack of informed consent and respect for privacy
deprives potential participants of choice regarding the use of
their data. Once personal health data have been accessed in an
unauthorized or unethical manner, the wide availability of
powerful search tools create additional threatsto patient privacy.

We believe there are many waysin which the analysis of social
media data can contribute to the public good as well asinform
individuals about ways to improve and maintain their health.
However, the lack of equitable data access, underlying biases
in data interpretation, and inadequate transparency between
those who provide and those who analyze data risks squanders
the many potential advantages of algorithmic decision making
[56]. Throughout these cases, we believe that researchers based
their treatment of study participants data on several false
assumptions that violated a number of ethical guidelines.
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Faulty Assumption 1: “ The Internet” IsNot Subject to
Ethical Review

Throughout our experiences, we perceived the sense that data
(and the“social mediausers’ contributing them) arelessworthy
of respect or protection when users partici pate online as opposed
to when the same “ patients’ receive care in a brick-and-mortar
health institution like a hospital. To add to the matter, members
of ethics review boards may not consider social media studies
to be human subject research under current legal definitionsand
may not believe that data scraping requires informed consent
[57]. In our view, social media and “big data’ research is not
ethically exceptional and should be treated in the same manner
astraditional forms of research [57]. Of the casesreported here,
only Case 2 obtained ethical approval, and even then, the
behaviors exhibited fell short of what we could consider ethical .
Terminology may cloud matters, as existing guidelines may
confine themselves only to “biomedical” or “medical” fields,
which may |ead someresearchersto excludetheir projectsfrom
ethical oversight on the basis that their focus or their branch of
study is computer science, business, or design. However,
CIOM S [48] usesthe broader term “health-related research” to
encourage greater inclusiveness rather than focusing on
researchers’ occupation or training. Online contexts should be
compared to offline analogues to highlight potential
considerations that may affect informed consent; if it was not
acceptable to do something in a hospital waiting room, doing
it on theinternet does not absolve researchers of responsibility.
We believe that interpreting the USDHHS Common Rule for
“existing data set” as “free access to any health data set on the
Internet” is afaulty assumption.

Faulty Assumption 2: Social Media Spaces Are* Public’

In our discussionswith individualsinvolved in the cases reported
here, we encountered a lack of cultural sensitivity to the
“perceived privacy” of individual s choosing to shareinformation
within a “closed network” as opposed to an open forum. It is
probably best to take a conservative approach and consider that
any content requiring an email for access may not be considered
public by asite’'s users.

Where trespasses were acknowledged, they were claimed to be
justified by good intentions. For example, while few would
argue in favor of the potentially good intentions of gathering
and analyzing social mediapostsin Case 1 to try and understand
mental health problems, such good intentions do not act as
blanket absolution from ethical considerations such as consent,
privacy, de-identification, or minimization of harms. In thereal
world, reading and anayzing the diaries or written
correspondence of patients with mental health problemswould
not be deemed acceptable even if they were left unsecured.

Faulty Assumption 3: Data Can Be Analyzed
I ndependent of Context

Although large datasets may appear aluring by their sheer scale,
in practice, they can introduce larger errors of interpretation by
inspiring false confidence in the conclusions drawn. In Case 4,
theresearcherswere unaware that there was a host of additional
contextual data recorded about how patients had multiple
comorbidities and understood the purpose of their medications
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or that they may have been using some treatments for off-label
purposesrather than their standard indications[59]. The absence
on their team of trained health professionals also obscured
important context about the relationship between a condition’s
symptoms and the common side effects of treatments used for
the condition. Without understanding the sampling of a data
set, the limits of meaningful questions and interpretations may
not be observed [37]. Scientifically, data scraping without
context may result in potentially inaccurate algorithmsthat may
get reported and reused in application, leading to potentially
harmful consequences [41]. Our discussions with researchers
revealed a general lack of care and rigor that would be of
scientific concern even without the ethical considerations. We
explained the importance of understanding the context and
structure of the data that were scraped in order to produce
meaningful scientific results and requested a retraction of
guestionabl e findings and interpretations to avoid contaminating
the literature.

Faulty Assumption 4. Computer Science Research Does
Not Need to Abide by Health Research GuidelinesWhen
It IsOnly Accessing “Data”

While computer science researchers were responsible for only
Case 4 reported here, computer science practitioners are
responsible for the bulk of our other unreported cases,
confirming Wright's[38] assertionsthat the field needsto adjust
its practices before further incidents undermine their social
licenseto practice. Computer scientistsare “largely focused on
the care and feeding of electronic devices’” and may have
different conceptions of what constitutes a“ human subject”—a
living person or data that are representative of a living person
[42]. Involving computer scientists on ethicsreview boards may
be an effective way of encouraging ownership of ethics issues
from the inside out as well as assuring more technology
expertise in medical and other studies. This would aso
encourage more complete paper trails when untangling ethics
transgressions.

Appropriately Resolving Terms-of-Use Violations

We have shared our experiences, in part, to guide other
practitioners in the field. Unfortunately, the effects on data
reporting may be difficult to detect and may not be caught until
publications and conference papers appear. The resolution of
the scientific inaccuracies and communications, as well as
deletion of scraped data, often required difficult conversations
over extended periods. We recommend that data producers
develop their own standard operating procedures and hold
practice scenarios when responding to violations.

For instance, because substantial time and effort are devoted to
research planning, execution, and publication, a recently
published or in-processjournal article represents aconsiderable
“sunk cost” As a result, researchers, funders, conference
organizers, and journa editors may apply pressure to data
producers to “allow” publications to proceed with corrections
rather than retract findings. Over the course of the cases
experienced by our team, nearly every supervisor, institution,
conference chair, or publisher chalenged in the case of a
violation first asked (politely) for clemency, forgiveness,
“retrospective consent,” or even “post-hoc ethical approval.”
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Rather than adopt a punitive philosophy, we respectfully
reminded these researchers of our responsibilities to patients
who are our members and from whom we have earned social
license to use and maintain their data responsibly. However,
having policies and prepared communicationsin place early on
would reduce the burden on staff members who may find such
interactions challenging.

Limitations

Our report contains several limitations. First, the authors are
employees of afor-profit company and therefore have a conflict
of interest in “protecting” network data. We hope to encourage
similar experiences by othersin the academic or nonprofit sphere
to share their experiences. Second, the cases reported here are
relatively brief and due to our desire to preserve anonymity
where possible, there is little additional detail for interested
readers. Third, asacomplex and emerging area, our conclusions
are necessarily editorial rather than evidence based. For
example, future work could survey social network users whose
data have been shared without their consent. Finadly, the
individual s described herein may not feel they have an adequate
“right to reply”; we would welcome divergent views on the
topics we have outlined here.

Future Directions; Prevention Rather Than Cure

Based on the need to maximize benefitswhile limiting potential
harm in social mediaresearch, we believe that there are several
potential strategies that can be pursued. First, rationales such
as socia media data use for “public benefit” and “public
interest” need to be carefully defined [34]. Investigator
transparency is as critical in social media research as in
traditional forms of research; researchers should disclose their
presence, not misrepresent themselves, and be truthful about
therisksand benefits of their studies[48,58]. Researchers should
exercise extreme caution in adapting or combining data setsfor
potentially invasive purposes. Common sense strategies such
as avoiding the reuse of verbatim quotes should be adopted. It
is therefore critical for researchers to understand the nature of
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Abstract

Background: Therehasbeen arapidriseinthe popularity of electronic cigarettes (e-cigarettes) over thelast decade, with growth
predicted to continue. The uptake of these devices has escalated despite inconclusive evidence of their efficacy as a smoking
cessation device and unknown long-term health consequences. As smoking rates continueto drop or plateau in many well-devel oped
countries, transnational tobacco companies have transitioned into the vaping industry and are now using social mediato promote
their products. Evidence indicates e-cigarettes are being marketed on social media as a harm reduction aternative, with retailers
and manufacturers utilizing marketing techniques historically used by the tobacco industry.

Objective: This study aimed to identify and describe the messages presented in e-cigarette—related social media (Twitter,
YouTube, Instagram, and Pinterest) promotions and discussions and identify future directions for research, surveillance, and
regulation.

Methods: Datasourcesincluded MEDLINE, Scopus, ProQuest, Informit, the Journal of Medical Internet Research, and Google
Scholar. Included studies were published in English between 2007 and 2017, analyzed content captured from e-cigarette—related
social media promotions or discussions, and reported results for e-cigarettes separately from other forms of tobacco and nicotine
delivery. Database search ceased in October 2017. Initial searches identified 536 studies. Two reviewers screened studies by title
and abstract. One reviewer examined 71 full-text articles to determine eligibility and identified 25 studies for inclusion. This
process was undertaken with the assistance of the Web-based screening and data extraction tool—Covidence. The review was
registered with the Joanna Briggs Ingtitute (JBI) Systematic Reviews database and followed the methodology for JBI Scoping
Reviews.

Results. Several key messages are being used to promote e-cigarettes including as a safer alternative to cigarettes, efficacy as
a smoking cessation aid, and for use where smoking is prohibited. Other major marketing efforts aimed at capturing a larger
market involve promotion of innovative flavoring and highlighting the public performance of vaping. Discussion and promotion
of these devices appear to be predominantly occurring among the general public and those with vested interests such asretailers
and manufacturers. There is a noticeable silence from the public health and government sector in these discussions on social
media.

Conclusions: The social medialandscape is dominated by pro-vaping messages disseminated by the vaping industry and vaping
proponents. The uncertainty surrounding e-cigarette regul ation expressed within the public health field appears not to be reflected
in ongoing social media dialogues and highlights the need for public health professionals to interact with the public to actively
influence socia media conversations and create a more balanced discussion. With the vaping industry changing so rapidly,
real-time monitoring and surveillance of how these devices are discussed, promoted, and used on social mediais necessary in
conjunction with evidence published in academic journals.

(J Med Internet Res 2019;21(2):€11953) doi:10.2196/11953
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Introduction

There has been a dramatic rise in the popularity of electronic
cigarettes (e-cigarettes) since the first commercialized product
was developed in Chinain 2003 [1,2]. It is now estimated that
there are 35 million e-cigarette users globally (including heat
not burn tobacco products) [3], with thisrapid growth predicted
to continue. According to BIS Research [4], the global
e-cigarette industry will experience an annual growth of more
than 22% until 2025, reaching a total market value of US $50
billion dollars at thistime.

Since the advent of first generation e-cigarettes, which closely
resembletraditional cigarettesin appearance and size, they have
been the center of much debate. It has been suggested that these
devices may be a less harmful alternative to smoking [5],
provide health benefits to smokers who switch completely to
them [6], lessen cigarette cravings [7], and facilitate smoking
cessation [8]. However, promotion of e-cigarettes may also
encourage nonsmokers, particularly young people, to initiate
use [9,10], facilitate experimentation with traditional tobacco
products [11], and undermine tobacco control efforts [12].
Recent studies also suggest that e-cigarette use is associated
with negative health consequences[13,14] and may not facilitate
adult smokers to quit at rates higher than smokers who do not
usethese products[15]. These contrasting arguments are evident
in Web-based marketing by e-cigarette retailers and
manufacturers[16], along with social media discussions about
e-cigarettes [17]. Furthermore, the lack of agreement among
countries on the population-level impact of these devices and
how they should be regulated [2] (eg, UK Roya College of
Physicians identifies e-cigarettes as a public health strategy,
whereas the World Health Organization and the US Surgeon
General seethem as presenting potentially new health problems
[18]) may cause confusion among consumers and the publicin
general. This, therefore, highlightstheimportance of examining
social media as it offers opportunities to attract new users,
promote continued use, and build brand loyalty.

Traditionally dominated by small start-up companies, the
e-cigarette market has experienced rapid growth and transition,
and more recently, large manufacturers and transnational
tobacco companies have come to dominate the market. Major
tobacco companies have entered the vaping industry by either
acquiring e-cigarette companies and brands or devel oping their
own products. Major tobacco companies now involved in the
vaping industry include British American Tobacco, Imperia
Tobacco, the Altria Group, Reynolds American, Philip Morris
International, and Japan Tobacco International [19]. These
companies have benefited from large advertising and marketing
budgets, which enable promotion across the World Wide Web
[20].

A significant portion of e-cigarette business is conducted on
the internet [21], with most existing e-cigarette companies
operating websites or other Web-based selling systems [22].
Sources suggest that e-cigarette manufacturers are careful to

https://www.jmir.org/2019/2/€11953/

distance their products from tobacco [23] by using techniques
such as aesthetic appeal, including attractiveness, coolness,
colors, and innovative packaging and flavor variations. In
addition, websites and social media accounts have been found
to exhibit price promotions, and competitions and discount
coupons; there is also evidence of celebrity endorsements and
sports sponsorship [24].

An accurate understanding of the types of e-cigarette messages
social media users are exposed to, and who is disseminating
this information can assist in the development of appropriate
surveillance to inform future policy and regulations. A scoping
review was, therefore, undertaken to identify and describe the
messages presented in e-cigarette—related social media (Twitter,
YouTube, Instagram, and Pinterest) promotions and discussions.

Methods

Scoping Review Overview

Thereview wasregistered prospectively with the Joanna Briggs
Intitute (JBI) Systematic Reviews database (May 5, 2017) and
proposed methods specified in advance in a protocol [25]. The
scoping review adhered to the methods manual developed by
the JBI [26].

Objectives

This scoping review aimed to identify and describe the messages
presented in e-cigarette—related social media (Twitter, YouTube,
Instagram, and Pinterest) promotions and discussions and

identify future directions for research, surveillance, and
regulation.

Inclusion Criteria

Included studies had to examine and analyze e-cigarette—rel ated
social media promotions and discussions. Studies needed to
clearly identify the social media platform under investigation.
Studies reporting multiple socia mediaplatformswere excluded
unless results for each platform were reported separately. This
was so the results for each social media platform could be
extracted and reported, making it possible to clearly identify
similarities and differences between the platforms. Studies
identifying other tobacco products (eg, tobacco cigarette, snus,
chewing tobacco, or hookah) were excluded unless e-cigarettes
were also examined and reported separately. In addition, studies
that did not distinguish between e-cigarettes and other forms of
tobacco and nicotine delivery were excluded. Studiesexamining
traditional media (eg, television and newspaper) were excluded
unless social mediaplatformswere also examined and reported
separately. Studies were limited to the following countries: the
United Kingdom, the Unites States of America, New Zealand,
Australia, and Canada. These countries were selected as they
areall developed countriesand e-cigarette useiswell established
[27]. The review considered only peer-reviewed primary
research studies published in English in the last 10 years
(2007-2017); this period correlates with the approximate time
that e-cigarettes were first introduced to the Unites States and
Europe [28].
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Table 1. Summary of excluded studies subject to full-text review with reason (N=48).

Reason for exclusion

Studies (n)

Excluded at full-text review

Wrong study design (ie, does not examine a social media platform or code for account type, theme, or sentiment) 12

Does not report electronic cigarettes (e-cigarettes) in the results
Results for different social media platforms not reported separately
Publication type
Country of study

Excluded at data extraction
Wrong study design
Results for e-cigarettes not reported separately
Results for different social media platforms not reported separately
A specific population is examined (ie, people with mental illness)
Country of study

w N PN

Search Strategy and Study Selection

Overdl, 5 databases were searched (MEDLINE, Scopus,
ProQuest, Informit, and Google Scholar) using the following
terms:

(“electronic cigarette” OR e-cigarette OR “electronic nicotine
delivery system” OR “persona vapo?ri?er” OR “electronic
nicotine delivery device” OR “vape pen’” OR “smokeless
tobacco” OR “electric cigarette” OR “éelectric nicotine delivery
system” OR “electric nicotine delivery device” OR e-hookah
OR e-juice OR e-liquid OR vaping) AND (“social media” OR
internet OR online OR YouTube OR Facebook OR Instagram
OR Twitter OR “online media” OR “digital media’ OR “social
networking”) AND (*content analysis’ OR “ content evaluation”
OR message OR meaning OR coding OR “mediaanalysis’ OR
“textual analysis’).

In addition, the search strategy was entered as a nested Boolean
search into Google Scholar, with the first 200 results examined
for eligibility and subject to the screening process outlined
below. Preliminary searches located relevant studies published
in the Journal of Medical Internet Research, a hand-search of
thisjournal was, therefore, also undertaken.

Retrieved references from each database were imported into
EndNote X7 (Clarivate Analytics) [29] reference management
software, with duplicate references removed before being
imported into Covidence [30]. Covidence is a Web-based
software platform that streamlines the production of systematic
reviews by supporting the key stepsin the review process[30].
Studies were assessed for inclusion, examined initialy by title
and abstract. Full-text articles were retrieved for those studies
that appeared to meet the inclusion criteria or if further
examination was required to determine eligibility. Moreover,
2 reviewers (KM and JJ) independently screened all titles and
abstracts to determine their eligibility. The primary reviewer
(KM) then undertook full-text screening. These processeswere
assisted by the Web-based screening and data extraction
tool—Covidence [30]. Finally, the reference list of all articles
subject to full-text review was screened to determine possible

https://www.jmir.org/2019/2/€11953/

inclusion of additional studies. |dentified studies were assessed
for suitability based on full-text review undertaken by the
primary reviewer. A summary of excluded studies subject to
full-text review and the reason for exclusionisprovided in Table
1.

Extraction of Results

Therelevant content from each study was extracted using adata
extraction pro forma, which included title, author, publication
year, country of study, aim/purpose of study, social media
platform, sample size, study design/methods, results, and key
findingsthat relate to the review question. Included studieswere
required to have developed coding categories for content
including one or more of the following: account type, themes,
and sentiment. Account type characterizes the publisher of the
social media post; theme reflects the domain of the actua
content conveyed, such as the categories of health, smoking
cessation, and regulation; and sentiment reflects the stance
expressed in a social media post toward e-cigarettes, related
products or its users, whether positive, neutral, or negative. To
ensure data extraction consistency, 2 reviewers (KM and J1J),
independent of one another, extracted data from the same 5
studies using the data extraction pro forma. The reviewers then
met to determine whether the extraction approach was
consistent. The primary reviewer (KM) then went on to extract
data from the remaining studies unaccompanied.

Results

Description of Included and Excluded Studies

The Preferred Reporting Items for Systematic Reviews and
Meta-Analyses flow diagram detailed in Figure 1 presents the
number of studies at each stage of the review process.

A total of 25 studieswereidentified for inclusioninthisreview.
A total of 18 studies analyzed Twitter data [16,17,31-46]; 4
examined YouTubeincluding videos[47-49] and dataassociated
with videos, such as video tags, titles, or descriptions [50]; and
3 studiesinvestigated images on | nstagram and Pinterest [51-53].
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flow diagram.

Studies excluded after

title and abstract
screening

Studies excluded after Studies excluded during

full-text screen, with data extraction, with

L 4

Twenty-four studies were conducted in the United States
[16,17,31-41,43-53] and one in Canada [42] (Table 2).

Sample Size and Data Coding

The sample size of included studies varied widely, even within
social media platforms (Twitter, YouTube, Pinterest, and
Instagram), with the platform under investigation influencing
the coding method used (Table 2). M ethods used included hand
coding [31,32,36-39,41,42,46-53] or machine learning [44], or
a combination of the 2 methods [16,17,33-35,40,43,45]. Hand
coding involved one or more human coders categorizing data,
whereas machine learning used algorithms to give computers
the ability to code data, although hand coding was usually used
for an initial subset of data to help refine the algorithm to
improve its accuracy [16,33-35,43,45]. Studies that analyzed
text (ie, tweets from Twitter and YouTube video descriptions)
predominantly employed hand coding for smaller samples (eg,
<3000) [31,32,36-39,42,46], and acombination of hand coding
and machine learning [16,33-35,40,43,45] or only machine
learning [44] for larger samples, the largest being 1,669,123
tweets. Three studies did, however, hand code samples of over
10,000 [17,41,50]. All studies that analyzed images (ie,
Pinterest, Instagram, and YouTube) did so by hand coding
samples of between 46 and 2208 posts and videos (Table 2).
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Account Type

A total of 12 studies [16,31,33,37,39,41-44,47-48,53] used
coding to identify the source (account type) of the social media
data collected in their sample, most commonly informed by
data found in account profiles (eg, bio, location, and profile
photo) and preceding social media posts (Table 3). The most
common account types coded for were personal
[16,31,33,39,41,42,44,47,48,53] and commercial [33,37,39,41,
42,44,48,53], of which these account types represented up to
82.68% (104,283/126,127) [44] and 89.73% (66,102/73,672)
[33] of some samples, respectively. Overall, 3 studies coded
for government, foundation or not for profit organizations,
[39,41] and public health and health care [42] accounts. All
were studies of Twitter discussions that unanimously reported
that tweets from these account types represented |ess than 3%
of their sample size (1.0%, 5/500 for [39]; 0.08%, 8/10,128 for
[41], and 1.3%, 4/300 and 3.3%, 10/300 for [42]). Overall, 3
studies coded for fake accounts, of which 2 reported these
accounts represented similar percentages of their sample (6.90%,
699/10,128 for [41] and 9.7%, 29/300 for [42]), whereas the
third found an overabundance (80.7%, n not provided) [16].
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Table 2. Description of included studies, sample size, and coding method.

McCausland et al

Authors, year, country Social media platform Sample size Coding method
Burke-Garciaet a, 2017, United States [39] Twitter 1000 tweets Hand coding
Lazard et al, 2017, United States[40] Twitter 4629 tweets Machine learning and hand coding
Allem et al, 2017, United States [31] Twitter 2192 tweets Hand coding
Ayerset al, 2017, United States [17] Twitter 11,600 tweets Hand coding
Dai et d, 2017, United States [45] Twitter 757,167 tweets Hand coding and machine learning
Clark et a, 2016, United States [16] Twitter 850,000 tweets Hand coding, machine learning, and
hedonometrics
van der Tempel et a, 2016, Canada [42] Twitter 600 tweets Hand coding
Han et a, 2016, United States [35] Twitter 1,021,561 tweets Hand coding and machine learning
Jo et al, 2016, United States[36] Twitter 2847 tweets Hand coding
Kavuluru et a, 2016, United States [43] Twitter 224,000 tweets Hand coding and machine learning
Sowles et al, 2016, United States [37] Twitter 1156 tweets Hand coding
Unger et a, 2016, United States [38] Twitter 1519 tweets Hand coding
Lazard et al, 2016, United States [44] Twitter 126,127 tweets Machine learning
Cole-Lewiset a, 2015, United States [41] Twitter 10,128 tweets Hand coding
Kim et a, 2015, United States [34] Twitter 1,669,123 tweets Hand coding and machine learning
Harris et a, 2014, United States [32] Twitter 683 tweets Hand coding
Huang et al, 2014, United States [33] Twitter 73,672 tweets Handing coding and machine learning
Prochaska et al, 2012, United States [46] Twitter 153 accounts Hand coding
Sears et al, 2017, United States [47] YouTube 46 videos Hand coding
Basch et a, 2016, United States [48] YouTube 99 videos Hand coding
Merianos et al, 2016, United States [49] YouTube 55 videos Hand coding
Huang et al, 2016, United States [50] YouTube 28,089 videostags, titles, or Hand coding
descriptions
Leeet a, 2017, United States [51] Instagram and Pinterest 1800 images Hand coding
Chu et al, 2016, United States [52] Instagram 2208 posts Hand coding
Laestadius et a, 2016, United States [53] Instagram 85 posts Hand coding
marketing [16,31,38,39,41,42,44,45,48,51,52]; regulation,

Themes

All 25 included studies coded for themes (Table 4). Health,
safety, and harms was the most coded for theme in this review
[17,31-33,35,38,39,41,43,46-51,53]; however, various
descriptionsfor health, safety, and harmswere used (eg, health,
harm reduction, and harms encompassing both the health
benefits and consequences of e-cigarette use). Additional themes
frequently cited were smoking cessation [16,17,33,35,37,
39,41-43,46,47,49,50,53]; product types and characteristics
[16,17,32-37,39,41,43,49-51]; advertisement, promotion, and

https://www.jmir.org/2019/2/€11953/

RenderX

policy, and government [31,32,35,39-42,49,50]; price
promotions, discounts, coupons, giveaways, and competitions
[16,33,34,36,37,44,50]; and smoke-free, use indoors or where
cigarettes are banned [17,35,40,43,47,49].

Sentiment

Of the 25 studies, a tota of 12 coded for sentiment
[16,31,32,38-43,45,47,49] (Table 5). Overal, 3 studies made
the distinction when coding for message attitude [38,42,45]
rather than emotional tone or affective content.
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Table 3. Coded category—account type.

Account type Studies, n (%) References

Personal (genera public, individuals, organic, and user-generated) 10 (40) [16,31,33,39,41,42,44,47,48,53]

Commercia (marketing, tobacco or electronic cigarette [e-cigarette] company or retailer) 8 (32) [33,37,39,41,42,44,48,53]

Press, media, or news (verifiable press or other prominent media sources of information, 3 (12) [41,42,48]

such as blogs)

Fake (hacked, bots, and automated) 3(12) [16,41,42]

Professional (television studio or network, production company, or organization) 2(8) [47,48]

Government, foundation, or not for profit organization 2(8) [39,41]

Proponents (sales or marketing agencies and individuals who advocate or specifically 2 (8) [43,44]

identify themselves as vapers)

Celebrity or public figure 2(8) [41,42]

Unknown or other 2(8) [31,37]

Public health, health care 1(4) [42]

Vaping-related handle (vaping-related term in handle name or Twitter bio) 1(4) [37]

Personal accounts with industry ties 1(4) [42]

E-cigarette community movement 1(4) [41]

General entity (company, store, or advocacy group) 1(4) [31]
https://www.jmir.org/2019/2/e11953/ JMed Internet Res 2019 | vol. 21 |iss. 2| 11953 | p.23
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Table 4. Coded category—themes.
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Themes

Studies, n (%)

References

Health, safety, and harms
Health
Safety
Harms
Harm reduction
Health and safety
Health and health consequence
Smoking cessation
Product types and characteristics
Advertisement, promotion, marketing
Regulation, policy, government
Price promotions, discounts, coupons, giveaways, competitions
Smoke-free, use indoors or where cigarettes are banned
More economical than smoking
Socia status, acceptance
Cleaner than tobacco, environment friendly, no/minimal odor
First or second person experience, use, opinion, or purchases
Recreation, customization, tricks
Other/unknown
Product image
Craving
Ilicit substance use in e-cigarettes
Personal opinion
News articles and updates
Tastes good
Getting others started, encouraging use, offering advice
Second-hand smoke
Cessation devices or gateway products for youth to establish nicotine addictions
Text
Lies/propaganda
Science (studies)
Issue salience
Underage e-cigarette use
E-cigarette use in association with other addictive substances (eg, alcohol, caffeine)
Parental e-cigarette use
Places of use
Neutral information
Humor
Just starting e-cigarettes
Advocating e-cigarettes
Attempt to engage other Twitter users

Using or comparing with other substances/nicotine replacement therapies

16 (64)
10 (40)
5(20)
2(8)
2(8)
1(4)
1(4)
14 (56)
14 (56)
11 (44)
9(36)
7(29)
6 (24)
5(20)
4(16)
4(16)
4(16)
3(12)
3(12)
2(8)
2(8)
2(8)
2(8)
2(8)
2(8)
2(8)
2(8)
2(8)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)
1(4)

[17,31-33,35,38,39,41,43,46-51,53]
[31,33,38,46-51,53]
[17,32,33,48,50]
[48,49]

[35,43]

[41]

[39]
[16,17,33,35,37,39,41-43,46,47,49,50,53]
[16,17,32-37,39,41,43,49-51]
[16,31,38,39,41,42,44,45,48,51,52]
[31,32,35,39-42,49,50]
[16,33,34,36,37,44,50]
[17,35,40,43,47,49]
[17,42,47,49,53]
[17,38,47,51]
[17,47,49,53]
[39,42,52,53]
[47,51,53]

[31,38,39]

[37,52]

[41,42]

[41,51]

[42,45]

[42,44]

[42,49]

[40,42]

[47,49]

[44,49]

[52]

[32]

[32]

[32]

[41]

[41]

[41]

[34]

[42]

[42]

[42]

[42]

[42]

[42]
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Themes Studies, n (%) References
Presence of identity or community 1(4) [53]
Technology (modern products, information about science behind the products) 1(4) [47]
Celebrity, model 1(4) [51]

Meme 1(4) [51]
Anti-smoking 1(4) [51]
Utilization patterns 1(4) [39]
Consumer endorsement 1(4) [39]
Money (taxes, small businesses) 1(4) [31]
Addiction to e-cigarettes 1(4) [49]
Reactions to e-cigarette policies and questions about e-cigarette health risk claims 1 (4) [44]
Similar to real cigarettes 1(4) [49]
Table 5. Coded category—sentiment.
Sentiment Studies, n (%) References
Emotional tone or affective content
Positive or negative 5(20) [16,41-43,47]
Positive or negative valence 2(8) [39,40]
Pro or anti 2(8) [31,49]
Pro- or anti-policy 1(4) [32]
Neutral 7(28) [31,39,41,42,45,47,49]
Unable to tell 1(4) [32]
M essage attitude
Pro or con 1(4) [42]
Pro or anti 1(4) (38]
Supportive or against 1(4) [45]
Neutral or do not know 3(12) [38,42,45]

Discussion

Principal Findings

Data Coding

The coding methods used were hand coding, machinelearning,
or a combination of the two. Compared with hand coding,
machine learning can rapidly code large amounts of data;
however, hand coding undertaken by humans may more
accurately discriminate the complexities and subtleties of
language [54]. Although hand coding can be subject to
individual bias, the development of codes grounded in literature
and achieving acceptable levels of inter-rater reliability can
assist to reduce this[55]. Studiesthat require the determination
of subtle differences in language or context may, therefore, be
better placed to employ hand coding for a smaller sample of
data, whereas studies that rely less on context could employ
machine learning to code larger samples [55]. The increased
complexity of interpreting visual social media (eg, YouTube,
Instagram, and Pinterest) meant all studies of these platforms
employed hand coding [47-49,51-53].
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Account Type

Personal

Studiesincluded in thisreview reported dissemination of diverse
e-cigarette messaging by predominantly commercial social
media accounts [33,53]; however, other studies discovered
conversations occurring among persona accounts dominating
the sociad media landscape [31,41,42,44,47,48]. Personal
accountswerefound to be discussing, endorsing, and promoting
variousthemes, most commonly marketing [41,48,53], smoking
cessation [33,42,44], recreation and technology [47,53], and
first-person experience and opinion [41,42]. Thisis particularly
important as individuals may be less critical of material posted
by other consumers compared with retailers [56,57] and may
be more easily persuaded by other individualsthey know, given
their relative closeness and potentially increased perception of
source credibility [58,59].

Commercial

Several key marketing strategies were found to be used by
commercia social media accounts. These included the use of
popular hashtags that enabled marketing messagesto piggy back
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on trending topics and increase dissemination reach [42], use
of fake user accounts to disseminate spam and favorable views
[33,42], and the offer of price promotionsand product giveaways
[33,44,53]. Social media networking and marketing efforts
undertaken by the vaping industry may have contributed to the
rapid risein popularity of e-cigarettes, the extent of which has
been demonstrated by the findings in this review. It has also
been hypothesized by some researchers that the lack of
regulatory standards on social media may be playing an
ever-increasing role in the diffusion of tobacco products and
prosmoking messages [60].

Government, Foundation or Not for Profit
Organizations, and Public Health and Health Care

Of the studies that coded for government, foundation, or not
for profit accounts [39,41,42], limited public health—related
messaging wasidentified, and activity from these account types
represented less than 3% of samples. These findings indicate
more action from public health and government to communicate
the potential harms and benefits of alternate nicotine delivery
productsviasocia mediaisrequired to balancetheinformation
shared on these platforms.

Fake

Most tweets produced by accounts classified asfake were found
to promote e-cigarettes as effective smoking cessation aids,
either by emulating first-person anecdotes or linking to news
articles or other Web-based media[41,42], with some accounts
potentially using computer programs to generate and post
content automatically [33,34].

The general tweet structure from an automated bot is provided
here [16]:

@USER [1,Wg] [tried, pursued] to [give up, quit]
smoking. Discovered BRAND electronic cigarettes
and quit in [#] weeks. [ Marvelous,Amazing, Terrific]!
URL

@USERIt'snow really easy to [ quit,give up] smoking
(cigarettes).—these BRAND electronic cigarettesare
lots of [fun,pleasure]! URL

@USER €lectronic cigarettes can assist cigarette
smokersto quit, it's well worth the cost URL

This type of spamming suggests that there are remunerations
to be gained by steering potential online consumers to certain
retail websites [34].

Themes

Health, Safety, and Harms

All studies that coded for health, safety, and harms reported
that e-cigarettes are being referred to as healthier and safer than
traditional  tobacco  products on  socid  media
[17,31-33,35,38,39,41,43,46-51,53]. Provided that scientific
evidence about the safety of e-cigarettesislargely inconclusive,
marketing claims that use words such as safer to describe their
products could contribute to confusion about their overall safety,
especially among youth. Promoting a product by claiming that
it is healthier than tobacco smoking, the leading cause of
preventable death, istherefore controversial and may only have
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merit when targeting smokers who are contemplating quitting
or reducing use [61].

There is indication that an individual’s perception of a
substance’s potential harms and benefits and their behavior of
use is influenced by the availability of information discussing
the health effects of that substance[62]. A recent analysisreports
that 34.20% (8433/24,658) of American youth sampled believe
that e-cigarettes are less harmful than cigarettes, and 45.00%
(11,096/24,658) are not sure [63].

Example safety coded tweets are displayed in the following
excerpt [32]:

RT @ChiPublicHealth: Electronic cigs contain a
dangerous, addictive drug & should beregulated like
other nicotine products #ecigtruths

@ChiPublicHealth it’'s not about being safe, it’'sabout
being SAFER than the alternative #EcigsSavelives
it's about HARM REDUCTION #Casaa

Smoking Cessation

Over half (56%, 14/25) of studiesincluded in thisreview found
evidence of e-cigarettesbeing promoted asasmoking cessation
tool [16,17,33,35,37,39,41-43,46,47,49,50,53], although their
efficacy as such is yet to be determined [8]. However, some
research indicates much smaller proportions of e-cigarette
advertisements are now endorsing these devices as quit aids
[37,42], and cited reasons for use by vapers have significantly
shifted away from smoking cessation (43.00%, 1247/2900 in
2012 vs 29.00%, 841/2900 in 2015) toward use to increase
social image (21.00%, 609/2900 in 2012 vs 37.00%, 1073/2900
in 2015) [17]. Of concern is that these results suggest that
e-cigarette uptake is not solely driven by a desire among
smokers to quit smoking [64].

Product Types or Characteristics

Overall, 14 studies coded for e-cigarette product characteristics
such as brands, flavors, and nicotine content, and of these, the
majority (86%, 12/14) [16,17,32,35-37,39,41,43,49-51] coded
for the mention or depiction of electronic cigarettejuice (e-juice)
flavors. Marketing social media posts and videos were most
commonly found to promote the vast array of e-juice flavors
available on the market [ 16,35,37,43,49], astrategy historically
used to entice new tobacco consumers [65], especially youth
[66]. As aresult of mounting evidence that flavored tobacco
products facilitate youth smoking [67], these products (aside
from menthol) were effectively banned in 2009 [68]. However,
no such ban currently exists for e-cigarettes with thousands of
flavorsavailablefor purchase[22]. Someresearch suggeststhat
flavors appeal to adult smokers and may aid smoking cessation
[69,70]; nevertheless, increasing evidence demonstrating that
flavors also attract youth to the e-cigarette market is mounting
[71-73], which is a cause for concern as nicotine addiction has
been found to cause problems with adolescent brain
development [74]. Studies have found flavor profiles (eg,
tobacco and menthol) that are more appealing to some adults
may have minimal appeal to young people [69,75]. It has,
therefore, been proposed as aharm reduction strategy that these
flavors be promoted to adults to assist tobacco substitution,
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whereas restricting those flavors that appeal most to youth (eg,
fruits and deserts) [76].

Advertisement, Promotion, and Marketing

A concern of e-cigarette promotion on social mediaisthe high
level of cross-platform interaction (ie, using appsto post content
across several social media platforms) [33], and given the
sizeable youth presence on these platforms [77] provides an
avenueto invite nonsmokers, youth in particular, to experiment
with and instigate use. However, just because youth are utilizing
social media does not inevitably mean they are subjected to
e-cigarette marketing, as they would need to follow these
accounts, be exposed through their social networks (ie, followers
or those they arefollowing), or browse viadirect searches[34].
Recent studies have, however, found that e-cigarette userslearn
about vaping and these devices from the internet and social
media [78,79]; therefore, monitoring how e-cigarettes are
promoted on these platformsisincredibly important.

Regulation, Policy, and Government

M essages agai st government regul ation were found to be most
prominent [31], for example:

Wow, CA DPH thinksit acceptable to deceive the ppl
it is supposed to serve: #stillblowingsmoke? no
#notblowingsmoke Don't let the FDA go without
making your voice heard.. #vapecommunity #vape
#ecig #notbl owingsmoke #ecigssavelive

Many antiregulation posts expressed concern over the
motivationsfor wanting e-cigarettes regul ated, suggesting policy
makers were only concerned about these devices because
tobacco revenue would decrease if people started using them
and that policy represents the teaming of government and
industry such that the Food and Drug Administration (FDA)
deeming rule would work only to enhance the power of Big
Tobacco [31,32,40,42,44]. The uncertainty surrounding
e-cigarette regulation expressed within the public health field
appears not to be reflected in ongoing social media dialogues
[41] and highlights the need for public health professionals to
interact with the public to actively influence social media
conversations and create a more balanced discussion [40,44].

Price Promotions

This review provides evidence of the existence of e-cigarette
marketing on social media, of which a substantial portion
includes price promotions, discounts, coupons, free trials,
giveaways, and competitions [16,33,34,36,37,44,50]. These
types of incentives can persuade potential consumers to make
a purchase and assist vendors to create a loyal customer base
[80], which has already been demonstrated for tobacco [81,82].
It iswell documented that smoking behaviors react to changes
in cigarette prices [83], and in response, tobacco control efforts
have sought to eradicate the use of these incentives [84].
Similarly, studies have reported that e-cigarette sales are very
responsive to price variation, and implementing policy to limit
price promotions, free-trials, and giveaways could lead to
significant behavior change and uptake [85]. People who use
e-cigarettesregularly cite smoking cessation astheir motivation
for vaping initiation; for this group of people, price promotions
that enable affordability of these products longer term could be
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viewed as appropriate [37], although evidence supporting the
use of these devices as a smoking cessation aid is still out for
debate [8].

Smoke-Free and Use I ndoors or Where Cigarettes Are
Banned

A major drawback of cigarettes is the smoke they emit, which
isknown to contain thousands of chemicals dangerousto human
health [86], and for this reason, cigarettes are now subject to
smoking bans and smoke-free policies all over the world [87].
Studiesincluded in thisreview found that e-cigarette proponents
frequently highlight the smoke-free aspect of vaping and that
these devices can be used where tobacco is currently restricted
[17,35,40,43,47,49]. Marketing that accentuatesthat e-cigarettes
can be used anywhere may undermine enforcement of
smoke-free policiesand tobacco control efforts[12] and expose
nonusers to toxins[13]. A survey of arepresentative sample of
American adults found that increased frequency of exposure to
e-cigarette advertising was associated with lower support for
policies that restrict use in public places [88]. These results
suggest the need for more publicly available information
regarding the chemical composition and possible health
consequences of inhaling second-hand vapor [38].

Recreation

Less commonly coded for, however an important aspect of
vaping to recognize is recreation, which was coded for among
image-based social media (ie, Instagram, Pinterest, and
YouTube) studies[47,51,53]. These studiescommonly reported
depictions of customization and modification of e-cigarette
devicesfor both functional and aesthetic purposesand of vapers
exhaling large plumes of vapor (known as cloud chasing) and
performing vape tricks. Depiction of these vaping practices
could contribute to the normalization of vaping, asimages and
videos represent these acts as fun and more commonplace and
socially accepted than is in reality [52,89], with many posts
accompanied by hashtags signifying community and social
identity [53]. For example [31]:

What's your favourite #vaping trick? #VapeTricks
#Vapelife #VapeOn #NotBlowingSmoke

Many hashtags emerge from users themselves through an
organic user-led process [90], with research suggesting
substance —focused hashtags can serve as an “addiction bond”
[91].

Social media posts and videos mentioning different product
characteristics (eg, flavors, mods, and illicit substances) and
displaying consumers’ ability to choose and modify aspects of
their vaping experience indicates that customization and
recreation largely contributes to e-cigarette discourse on social
media and may have contributed to their rapid increase in
popularity [47,50-52].

Sentiment

Studieswhich coded for sentiment and did not specifically state
they were coding for message attitude most commonly reported
that their sample was positively skewed toward e-cigarettes,
their users, and antiregulation [31,32,40-43,47,49], whereas
studiesthat coded for message attitude reported predominantly
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neutral attitude [38,42,45]. Social media posts from accounts
with vested interests (eg, commercial or automated) and the
genera public were found to present positive messages related
to e-cigarettes[16,41-43,49], whereas news- and health-rel ated
accounts provided messages that were least positive or neutral
[41,42,49].

Examples of positive, negative, and neutral tweets are provided
here [39]:

Medical professionals surveyed. Overwhelmingly
prefer #vaping to smoking. #vape #vaplyfe #the
http://t.co/tcKsX6DcO0S http: //t.co/tiJBNZjBZa

RT @SopVaping RETWEET thisif your not VAPING
today because you want to live.

Vaping in the United States has eclipsed cigarette

smoking in some age groups. #Vaping #eCigarettes

#Rosemont http://t.co/wzgVTOp2C1
The proliferation of social media platforms and Big Data
analytics provides the opportunity to explore and monitor
peopl€e's perceptions of e-cigarettesin real time and what fuels
opinion over time [41,45]. The studies included in this review
could be used to establish a sentiment baselinefor public health
professional s to develop campaigns and interventions [41] and
act as supplementary data to traditional surveys[45].

In agreement with Lienemann et a [55], when coding for
sentiment, clarity and comparability across studies could be
enhanced by distinguishing between attitude and emotion. For
example, social media data can be provaping; however, it can
have a negative emotional tone.

Recommendations for Research

Given the volume of personal accounts found to be discussing,
endorsing, and promoting various aspects of vaping, further
research to determine who the loudest social media accounts
areinthe sensethat their material isbeing seen and shared most
frequently and how this material is influencing other social
media users perceptions and use of e-cigarettesis, therefore,
warranted [41]. The perceived safety of these products may also
be a contributing factor in theincreasing trend of vaping among
adult never smokers and former smokers [92]. Research is,
therefore, required to determine the implications of claims
promoting e-cigarettes as a superior product on audience
perception and use [47].

The use and depiction of vaping for recreation raises questions
about the promotion of these devices as a hobby or socializing
opportunity [64]. Assuch, it may be valuable to investigate the
degree to which the vaping industry is targeting nonsmoking
youth who may have an interest in vaping for enjoyment or as
a habby rather than a smoking cessation tool [37,93].

Furthermore, the US FDA has recognized the impact of
e-cigarettes recently, ratifying a rule (August 8, 2016) that
extended their regulatory authority to all tobacco products,
including e-cigarettes. These regulations restrict youth access
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by prohibiting the sale of e-cigarettes to those aged under 18
years, embargos the use of free samples for promotion, and
states e-cigarette products must now require a health warning
[94]. Theserestrictions highlight the need for continued research
and monitoring of social media commercialization of these
products and for this issue to be placed on public health and

policy agendas.
Limitations

Thereview did not assess the quality of the evidence presented
in each study, rather provided an overview regardless of quality
as per the methodology outlined in the Manual for Scoping
Reviews by JBI [26]. The search strategy included severa
popular terms used to describe e-cigarettes; however, keywords
including emerging and variations of slang terms may have
been overlooked and therefore, resulted in an incomplete
retrieval of identified research. Furthermore, it is possible that
additional studies relevant to the research question may have
been identified if aternative databases were searched.

The reviewed materia reflects a general bias toward certain
socia media platforms such as Twitter as its data are mostly
public and easily accessible to researchers, whereas Facebook
and other platforms are not [95]. Thisis not an indication that
Facebook and other platforms are not spaceswhere e-cigarettes
are discussed, but only that these activities are not visible to
researchers.

Conclusions

The social media landscape is being dominated by provaping
messages disseminated by the vaping industry and vaping
proponents, whereas the uncertainty surrounding e-cigarette
regulation expressed within the public health field appears not
to be reflected in ongoing social media dialogues. Latest
generation e-cigarettes are resembling less and less their first
generation cig-a-like counterparts and are being promoted not
only as a smoking cessation device and safer aternative to
smoking but also as a recreational activity whereby you can
create your own unigque vaping experience with the use of
flavors, device modification, and vape tricks. With the industry
changing so rapidly, real-time monitoring and surveillance of
how these devices are discussed, promoted, and used on social
media is necessary in conjunction with evidence published in
academic journals. The need for real-time monitoring and
surveillance a so highlights the need to close the chasm between
research and practice [96]. Some government agencies have
recognized and are attempting to bridge thisgap by introducing
research tranglation initiatives, annual conferences, education
programs, and more varied communications [97,98] as they
attempt to move evidence through the publication pipelinefaster
and more efficiently. However, Departments of Health may
well have to start thinking about investing in real-time
monitoring and surveillance to interact with the public to
actively influence social mediaconversationsand create amore
balanced discussion with regard to e-cigarettes.
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Abstract

Background: Thereisaclear public health need to reduce office workers' sedentary behaviors (SBs), especialy inthe workplace.
Digital technologies are increasingly being deployed in the workplace to measure and modify office workers' SBs. However,
knowledge of the range and nature of research on thistopic islimited; it also remains unclear to what extent digital interventions
have exploited the technological possibilities.

Objective: Thisstudy aimed to investigate the technological landscape of digital interventionsfor SB reduction in office workers
and to map the research activity in thisfield.

Methods: Termsrelated to SB, office worker, and digital technology were applied in various combinations to search Cochrane
Library, Joanna Briggs Institute Database of Systematic Reviews, MEDLINE, PsycARTICLES, PsycINFO, Scopus, Association
for Computing Machinery Digital Library, Engineering index Compendex, and Google Scholar for the years 2000 to 2017. Data
regarding the study and intervention detail swere extracted. Interventions and studies were categorized into devel opment, feasibility
and/piloting, evaluation, or implementation phase based on the UK Medical Research Council (MRC) framework for developing
and evaluating complex interventions. A novel framework was developed to classify technological features and annotate
technological configurations. A mix of quantitative and qualitative approaches was used to summarize data.

Results: Weidentified 68 articles describing 45 digital interventions designed to intervene with office workers' SB. A total of
6 common technol ogical features had been applied to interventions with various combinations. Configurations such as“information
delivery and mediated organizational and social support” and “digital log and automated tailored feedback” werewell established
in evaluation and implementation studies; in contrast, the integration of passive data collection, connected devices, and ATF or
scheduled prompts was mostly present in development and piloting research.

Conclusions: Thisreview isthe first to map and describe the use of digital technologiesin research on SB reduction in office
workers. Interdisciplinary collaborations can help to maximize the potential of technologies. As novel modes of delivery that
capitalize on embedded computing and electronics, wireless technologies have been developed and piloted in engineering,
computing, and design fields, efforts can be directed to move them to the next phase of evaluation with more rigorous study
designs. Quality of research may beimproved by fostering conversations between different research communities and encouraging
researchers to plan, conduct, and report their research under the MRC framework. This review will be particularly informative
to those deciding on areas where further research or development is needed and to those looking to locate the relevant expertise,
resources, and design inputs when designing their own systems or interventions.

(J Med Internet Res 2019;21(2):€11079) doi:10.2196/11079
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Introduction

Background

Sedentary behaviors (SBs) are activities that require very low
energy expenditure of less than 1.5 metabolic equivalents and
typicaly involve lying down and sitting [1]. Excessive SB is
recoghized as an exposure to arisk factor different from alack
of moderate to vigorous physica activity (MVPA), as an
individual who engagesin 150 min of exercise every week can
still spend the majority of the remaining waking hours in SB.
Reducing SB may require approaches very different from those
required to increase physical activity (PA), as sedentary time
can accumulate unintentionally in a broad range of contexts
such asduring leisuretime, transportation, and in theworkplace.
Although arecent meta-analysis [2]indicates that 60 to 75 min
of MV PA per day seemsto offset theincreased risks of mortality
associated with sitting for more than 8 hours per day, this
amount of MV PA is notably beyond the recommended levels
of MVPA in most public headth guidelines [3,4]. More
importantly, mounting evidence suggests reducing SB,
especialy prolonged episodes of SB, has its own benefits on
metabolic and musculoskeletal health, and potentially on other
health conditions [5-8].

A number of studies [9-11] have found that office workers
within-work time is characterized by more prolonged SB with
fewer breaks than nonwork time; sedentary work contributes
significantly to overall sedentary exposure of office workers
and, thus, the health risks. A recent statement by aninternational
panel of experts highlighted the need for interventionsthat target
the reduction of prolonged SB in this setting and population,
for both better health and productivity outcomes [12]. In this
paper, we focus on a potential solution: SB interventions
delivered with digital technologies.

According to the Oxford Dictionary, digital technologies refer
to technologies involving or relating to the use of computer
technology, which includes tools, systems, devices, and
resources that generate, store, or process data in the form of
digital signals. The past decades have seen an exponential
growth of computing power at affordable prices. This has
resulted in anincreasing variety of digital gadgets (eg, personal
computer, tablets, smartphones, wearables, and Internet of
Things) that a person is exposed to and interacts with on a
day-to-day basis. This presents health intervention designers
and researchers with awider range of device choicesthat offer
different form factors and features. Indeed, digital health has
demonstrated great promise in arange of clinical settings and
populationsin terms of behavioral measurement and intervention
delivery (eg, pediatric care [13] and mental health [14]).

However, when it comes to digital SB interventions, the
behavioral target of “being less sedentary” and the use of digital
mediaseem to present uswith aparadox here. First, theincrease
in sedentary occupations and sedentariness at work in itself is
closely related to the evolution of digital technology, which
enables more work to be completed at desks without manual

http://www.jmir.org/2019/2/€11079/

labor or even light PA. Second, a recent study [15] has found
that information and communication technologies (ICTs) have
supported new break activitiesin the office (eg, checking social
media during mini-breaks or watching videos over lunch breaks)
while evoking negative feelings at the same time. The
researchers used the term “screen guilt” to describe office
workers' need to disconnect from screen-based ICTs during
breaks for both physical and psychological well-being.

Thishasled usto rethink what (or even whether) digital features
should be incorporated when designing SB interventions. The
intersection of digital health and SB has attracted a lot of
research interest and accumulated a large body of
interdisciplinary research in recent years. As afirst step in our
own research on exploiting novel digital technologies for the
delivery of workplace SB interventions, we wanted to review
the literature on this topic in a systematic manner, to map the
current technological landscape and research activities
conducted in different disciplines, and to determine research
gaps in terms of utilizing and innovating technologies for
workplace SB interventions.

Previous Reviews

To date, 7 systematic reviews on SB interventions targeting
adults have been published [16-22]. This section overviews
which aspects of thetopic have been addressed in thosereviews
and which areas require more secondary research.

All thereviewswereinclusive of al SB reduction interventions
regardless of the presence of digita elements. Chau and
colleagues [16] reviewed workplace studies published up to
April 2009 and identified only 6 €ligible studies that included
sitting as an outcome measure. Only 2 types of digital media
were covered (emails [23-25] and pedometer [23]).
Measurement of SB was self-reported in al 6 studies, none of
which found significant intervention effect on sitting reduction.
Theresult wasinconclusive with respect to the most appropriate
intervention approach or delivery mode because of disparate
study designs and delivery modes across studies. With asimilar
inclusion criterion as Chau and colleagues' [16], amore recent
review [17] by Shrestha and colleagues identified 20 eligible
workplace studies published up to June 2015. The analysiswas
focused on comparing the effects of different intervention
components with absence of these components or aternative
components. Only asmall part of the analysis was pertinent to
digital interventions. First, it compared the effect of computer
prompts plus information counseling on sitting reduction with
information counseling only, based on data from 3 studies
[26-28]. Second, it compared the effect of different contentsin
e-newsletters on sitting reduction, based on 1 study [29]. The
findings from both analyses were nonsignificant or inconclusive,
given thelow quality of evidence. Commissaris and colleagues
[18] specifically reviewed workplace SB interventions aimed
to influence workers' SB while doing productive work. As a
small part of their analyses, they compared 6 interventions
including self-monitoring of SB and/or PA (using devices such
as pedometers) with 4 interventions not including
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self-monitoring and suggested that self-monitoring seemed to
be ineffective in improving SB/PA at work. Another review of
workplace SB interventions by Chu and colleagues[19] included
26 studies published up to December 2015 and classified them
based on intervention strategies into 3 categories: (1)
environmental strategies, (2) educational/ behavioral strategies
(involving educationa program and point-of-choice motivational
signs), and (3) combined strategies. They concluded from
subgroup analyses that interventions combining multiple
components resulted in the greatest sitting reduction, followed
by environmental strategies. However, the review did not
distinguish digital and nondigital delivery of intervention
strategies within each category. Similar to Chu and colleagues
review [19], Gardener and colleagues’ review [30] was also
focused on intervention strategies, but with abroader scope (ie,
including nonworkplace studies) and amorefine-grained coding
scheme based on the underlying intervention functions[31] and
behavior change techniques (BCTs) [32]. They found that
education, persuasion, environmental restructuring, and training
were the most promising intervention functions and that
self-monitoring, problem solving, and changing the social or
physical environment were particularly promising BCTs for
reducing SB. Martin and colleagues review [21] was aso
inclusive of nonworkplace interventions. It was suggested that
interventions targeting SB only and lifestyle change might be
more promising than those targeting PA only or a combination
of PA and SB, which was similar to the conclusion reached in
Prince and colleagues review [22].

Although shedding light on intervention strategies and
components effective for reducing workplace SB, thosereviews
fell short in 2 aspects.

First, they did not differentiate diverse ways an intervention
strategy/component could be digitally implemented and
delivered. For instance, for the same strategy of point-of-choice
prompts, the actual quantities of prompts received and noticed
by participants may differ significantly depending on whether
the break reminder was delivered on workstation screens, by
smartphone notifications, or viatactile feedback from wearable
devices. Apart from specific technological features, how
different features were applied in combination and in support
of each other is also worthy of attention. For instance,
just-in-time adaptive intervention (JITAI), an approach that
employs context-aware sensing and computing to detect the
behavioral context and tailor the intervention in real time, can
address the dynamically changing needs of individuals much
better than a traditional intervention delivering static content
with a fixed schedule [33]. Knowledge of such nuances in
technological design is important as they may lead to
considerable difference in the quality and quantity of
interventions delivered to participants, making outcomes
incomparable across studies.

Second, none of the abovementioned reviews included the
engineering and computer science literature, despite the rapid
prototyping and piloting of novel technologies within these
fields that may become or inform the next generation of digital
interventions. An exploratory search of this body of literature
has found an abundance of user-centered design research [34]
on technologiestargeting SB reduction in office workers. Those
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studies, although employing very different study designs from
clinical trials, have gathered valuable data about design-rel ated
outcomes (technol ogical feasibility, usability, and acceptability)
usually by involving stakehol dersfrom the outset of intervention
development. Thefindingsdo not only inform technology design
but also give an indication of the potential user uptake, attitude,
and adherenceto different intervention technol ogies should they
be moved tolater stages of devel opment and evaluation. Asyet,
awareness of the size and location of this body of evidence is
lacking.

This Review

In summary, although previous reviews have touched on the
technological design in SB interventions, there is a need for a
review that is dedicated to this topic and that encompasses a
wider range of literature. Specifically, the following questions
can be explored:

1. How have digital technologies been used in interventions
to reduce office workers' SB at work?

2. What research has been done on them and what
development phases have they reached?

3. Where does the research gap lie as to utilizing and
innovating digital technologies for SB interventions
targeting office workers?

In view of the above, we selected the approach of scoping
review, which isaparticularly useful tool to synthesizefindings
established with different study designs and to address broader
topics than those addressed by systematic reviews (eg,
effectiveness) [35].

The review will be reported with the following structure.
Considering the complexity of this topic, we will first review
existing classifications and frameworks proposed from several
disciplinesto describe digital technologiesfor behavior change.
Second, we present the search and review method. In the Results
section, wefirst provide a quantitative summary of studies and
interventions identified in this review. Then, we narratively
overview therange of research conducted on interventionswith
different technological designs and summarize the findings
pertinent to the technological features. Finally, we discuss
findings and suggest avenues for future research.

Thisreview isnot aimed to estimate the efficacy of interventions
with or without certain digital components, which should be
addressed by further systematic reviews once the technol ogical
landscape is laid out. Neither is this review focused on
comparing the capabilities and limitations of various brands of
technological devices, which have been featured in other studies
[36,37]. Instead, the main objective here is to scope research
across different fields through review of the technological
features present in interventions and mapping different research
activities (eg, design-led research, feasibility studies, and
experimental studies) onto different stages in the process of
intervention development and evaluation. Another objectiveis
to synthesize the design-related findings (eg, satisfaction,
usability, acceptability, feasibility, and engagement) of digital
interventions, which were overlooked in previous reviews.
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Existing Frameworks and Classifications for Digital
Health Technologies

The technological aspect of digital health has been discussed
under several umbrella terms such as persuasive technology
(PT)/system [38,39], behavioral intervention technology (BIT)
[40], and mode of delivery (MoD) for behavior change
interventions (BCIls) [41]. Here, we review frameworks that
categorize digital heath technologies based on physical
manifestations and functions (both high-level functional roles
and specific system features).

On the Basis of Physical Manifestations

PT, a technology intentionally designed to change a person’s
attitude or behavior, has been categorized into desktop-based,
artifact-based, and environment-based systems, based on form
factors [42]. Desktop-based systems are those only accessible
through traditional personal computers and include Web pages
and emailsdesigned for desktop viewing and computer software.
Artifact-based systems are usually portable and may include
smartphones, wearable devices, and physically embodied agents,
such as robot toys. Environment-based systems refer to
computing systems built into the physical space or fixed to
facilities to capture behaviors of users of the space or facility
and to deliver point-of-choice persuasions, such as a system
built into a public restroom to detect and encourage
handwashing-with-soap behaviors of all toilet users [43].

On the Basis of Roles and Functions

The functional triad of PT [39] describes 3 general roles a
computer can play in its interaction with the user, namely, a
tool that increases user abilities, amedium that delivers content
to create experience, and a social actor that evokes social
responses especially with animate characteristics.

More recently, detailed system functionalities have been
identified that explicitly or implicitly support those roles. For
instance, the persuasive system design (PSD) model [38]
suggested design principles under the following 4 categories:
(1) primary task support, which includes reducing complex
behaviorsinto simpler ones, tunneling experience, tailoring and
personalization, self-monitoring, simulation, and rehearsal; (2)
dialogue support, including positive reinforcement, reminders,
suggestions, similarity, liking, and socia role; (3) credibility,
including expertise, authority, and trustworthiness; and (4) socia
support, by mediating social interactions and socia influences.
Some of these principles correspond to functional roles in the
functional triad. For example, the principle of “reduction (ie,
reducing complex behavior into simpletasks helps users perform
the target behavior) and “ self-monitoring (ie, providing means
for users to track their performance or status) both enable the
system to play the role of atool. The principle of “simulation

(ie, enable usersto immediately observethelink between cause
and effect) and “social facilitation (ie, providing means for
discerning other users who are performing the same behavior)
support the role of a medium; the principle of “social role (ie,
adopt avirtual social role) can be directly mapped onto therole
of asocia actor in the functional triad. It should be noted that

http://www.jmir.org/2019/2/€11079/

Huang et a

although PSD has the merit of supporting requirement
engineering, it does not follow a clear hierarchical structure,
and the design principles are a combination of behavior change
strategies (eg, self-monitoring), functional elements (eg,
simulation), and nonfunctional characteristics (eg, similarity
and credibility).

Webb and colleagues [41] developed a novel scheme to code
modes of delivering internet-based health BCls into 3 broad
categories: (1) automated functions, including the use of an
enriched information environment, automated tailored feedback
on progress, and automated follow-up reminders and tips; (2)
communicative functions, including mediating communication
with advisors and peers; and (3) use of supplementary modes.
Similar concepts were termed as BIT elements by Mohr and
colleagues [40], referring to actual technical instantiations in
theintervention that the user interactswith. In addition to those
functional components included in Webb's coding scheme,
Mohr and colleagues[40] listed BI T elements appearing in more
recent apps such as passive data collection (PDC; ie, data
collected with smartphone sensors or external devicesor through
application programming interfaces[APIs] from other available
sources) and logs (ie, data entry field facilitating
self-monitoring).

All the abovementioned frameworks will be considered with
adaptations wherever necessary in our anaysis of the
technological aspects of interventions to be reviewed.

Methods

Search and Selection

An interdisciplinary literature search was conducted of the
following databases: Ovid MEDLINE, Cochrane library, JBI
database of systematic reviews, Association for Computing
Machinery digital library and Engineering index Compendex.
Table 1 lists the databases searched in each field.

Synonyms and subject headings relating to the following terms
were applied in various combinations: office worker, sedentary
behavior, technology, workplace (see Multimedia Appendix 1
for example search strategy). Referencelists of existing reviews
[16-22] on workplace SB reduction and PA promotion were
hand searched to identify additiona eligible studies.

Title, abstracts, and full text of retrieved articles were reviewed
for eigibility by applying the following criteria: (1) having
office workers in the study sample; (2) targeting SB during
work or had proxy measures of workplace SB (objective and/or
self-report daily sitting of office workers); (3) involving digital
technologies such as mobile and computer apps, digital
multimedia contents, wearable activity trackers, and other
devices with sensing and computing capabilities in the
production, delivery, and/or customization of intervention
contents; (4) published in peer-reviewed scientific
journals/conference proceedings between 2000 and 2017; and
(5) published in the English language.
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Table 1. Databases searched in each field.
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Fields Databases

Medical and health sciences

Computing and engineering

Interdisciplinary Scopus

Ovid MEDLINE, Cochrane library, and JBI? database of systematic reviews

Association for Computing Machinery digital library and Engineering index Compendex

aJBI: Joanna Briggs | nstitute.

Observational studies without administering or devel oping any
intervention were excluded, though design research with an
explicit intent to inform the development of digital SB
interventionswasincluded. Studieswere also excluded if digital
technol ogieswere only used for purposes other than intervention
delivery, such as using digital tools for pre-and poststudy
assessments without feeding the data into the intervention
content in any way.

Data Extraction

Full articles of eligible studies were reviewed to extract the
following information where possible: publication data (authors,
years, countries where the study was conducted, or where the
first author was based if the study country was not specified),
primary target behavior (SB vs PA vs others), intervention
details, study details (eg, study type, participants, datacollection
methods, and duration), intervention devel opment and research
phase, technological featuresand configurations, and outcomes.
Emphasis was placed on 2 types of outcomes pertinent to the
design and use of technology: design-related outcomes
informative for futureiterations of intervention, which typically
included satisfaction, usability, technical and processfeasibility
(eg, reach, dose, and fidelity of delivery), acceptability,
engagement, and interactions with the technology, and
user-related outcomes such as change in SB, PA, work
performance, and perceived enablers for changes.

On the basis of the UK Medical Research Council (MRC)
framework for devel oping and eval uating complex interventions,
we categorized the whole article or sections of the articlesinto

Table 2. Definitions of the development and research phases.

respective research phases: devel opment, feasibility and piloting,
evaluation, and implementation; we also categorized the
intervention based on the phase reported in the latest publication
about the intervention (Table 2).

We adapted existing classification frameworks to derive our
own coding scheme to annotate the technol ogical aspect of each
intervention (Table 3). The framework was primarily based on
the BIT model [40], which complemented with elements from
other coding schemes/frameworks introduced previously, to
cover abroader range of technol ogies and to reflect the specialty
of the workplace setting (eg, the addition of “mediated
organizational support and social influences). Each codeinthe
classification system can be viewed as a distinct technological
feature (eg, a data log) implemented to deliver one or more
intervention component (eg, self-monitoring of behaviors). A
series of codes joined by “and” were used to annotate a
technological configuration where several features were
integrated to deliver 1 or more intervention component. For
instance, an intervention that offered tailored feedback on
progress based on users' self-reported daily step counts was
annotated with “DL and ATF. Notably, “Scheduled prompts
(SP) delivered according to rea-time user status passively
captured by sensing technologies (“PDC and SP ) areinherently
different from SPsthat interrupt users at fixed times throughout
the day regardless of the users actual sitting time; hence, an
additional code of “JITAI” was used to annotate “PDC and SP
configurationsto highlight the fact that the JITAI approach was
present.

Phase Definition and examples

Development phase

Feasibility and piloting phase

Evaluation phase

Implementation phase

Studies could be one of thefollowing: (1) reporting the design and devel opment process of the intervention, following
approaches such as I ntervention Mapping, participatory design and user-centered design, (2) laboratory studiesin-
vestigating design-related outcomes (feasibility, usability, and user experience) before the intervention has reached
adeployable state of development, and (3) short in-the-wild deployment studies eval uating specific intervention
components within afunctional prototype before investing in further development.

Studiesfocused on investigating design-related outcomes of an intervention after it hasreached arelatively complete
stage of development, where user-related outcomes (behavior change, health and well-being, and productivity) were
often measured as secondary outcomes with smaller sample sizes and less rigorous study designs.

Studies using a larger sample size and more rigorous study designs to assess important user-related outcomes and
establish the efficacy of interventions.

The intervention has aready gone through the evaluation phase and has been used in practice for some time (eg, =2
years). Asmany implementation efforts are not reported, it was expected that this phase would have low representation.
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Table 3. Links between our codes and categories from existing frameworks.
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Codes with descriptions BIT? elements[40]

Rolesin the functional triad [44]  \oDP for internet-based

interventions [41]

Digital logs (DL): technology provides a convenient
way for the user to enter data, which can be amobile
phonediary for self-monitoring of behaviorsor aWeb-
based questionnaire assessing current behavior and
psychological determinants of behaviors.

Log

Passive data collection (PDC): use wearable, smart-
phone-based and environment-based objective moni-

torsto obtain time-stamped SB® records automatically.

Connected devices (CD): oneor moreexterna sensing  N/A
deviceis connected either wirelessly or with acable

to a central computing device.

Scheduled prompts (SP): break reminders delivered
either at fixed intervals or with some schedul e adaptive
to the real-time user status.

Notification push

Information delivery (1D): one or moreformsof digital
mediawith varying richness (text, links, testimonials,
videos, or games) is used to present information that
isusually static over time (eg, health facts, scripted
motivational messages, and practical suggestions).

Automated tail ored feedback (ATF): feedback onindi-
vidual behaviors and progress, such as personalized
goal setting and recommendations, that usually require
some cal culations of datainput from DL or PDC.

Mediated organizational support and social influences
(MOSSI): emails conveying managers’ approval, on-
line forumsfacilitating communication and/or compe-
tition among program participants, and other digital
means of linking the participant to other individuals
for the purpose of social influences or organizationa
support. (Email accessto the support from aconsultant
or coach should be coded under ID instead)

Messaging

Passive data collection

Information delivery

Reports and visualization

Tool N/AC

Tool N/A

Tool N/A

Tool, medium and/or social actor ~Automated functions: auto-
mated follow-up messages
(reminders)

Automated functions; use
of enriched information
environment (eg, links,
testimonials, videos,
games);

Use of supplementary
modes (eg, emails and
other digital media)

Medium and/or social actor

Automated functions: auto-
mated tailored feedback
based on individual
progress

Medium and/or social actor

Communicativefunctions:
accessto peer-to-peer sup-
port

Medium

3BIT: behavioral intervention technology.
bMOD: mode of del ivery.

°N/A: not applicable.

dBCT: behavior change technique.

©SB: sedentary behavior.

Data Synthesis

Results on study characteristics (ie, publication data, study
design, MRC development and research phase, and participants)
and intervention characteristics (ie, target behavior, theoretical
underpinning, technological design, and M RC development and
research phase) were quantitatively summarized and presented
using descriptive statistics.

Due to the heterogeneity of study design (eg, interviews,
laboratory testing, and randomized controlled trials [RCTS])
and outcomes (eg, design inspirations, usability, engagement,
and effectiveness), meta-analysis of specific outcomes across
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studies was not suitable. Instead, a primarily qualitative
approach was used to summarize the research under each
category of technological configuration, with a focus on
design-related findings and implications, which were most
relevant to the research questions of our interest.

Results

Overview

A total of 68 articles were included in this review (Figure 1),
corresponding to 45 unique interventions. Each article was
counted as aseparate study, even if it wasfocused on adifferent
aspect of the same research project reported in another article.
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Figure 1. Search and screening resullts.

Records identified through
database searching (n=443)
MEDLINE=152

Huang et a

1.

2. EiCompendex=155

3. ACM digital library=85
4. Scopus=51 -

n=203 removed during title screening due to

one or more of the following reasons:

duplicates

- stating in the title that children,
teenagers, or elderly were the target
population

Potential eligible articles
assessed for eligibility
(n=240)

n=179 removed during abstract and full-text
screening due to one or more of the following
reasons:

- no intervention was administered or
developed

- neither targeting nor measuring SB

- no office workers in the study sample

- no digital technology was involved

- digital technology was merely used for
evaluation of nondigital intervention

Additional records identified through hand
search of reference lists and weekly search

alert (n=7)

Articles included in the
review (n=68)

Study Characteristics

Publication Data

As shown in Figure 2, there is an overall upward trend in the
number of articles published on this topic over the past two
decades or so, with 2014 being the most fruitful year. Overall,
66 published articles represented research that was conducted
in 16 countries, in addition to 2 articles that reported
international studies conducted in 64 countries [45] and 3
countries (the United Kingdom, Australia, and Spain) [23],
respectively. The most represented countries were Australia
(n=19 articles), the United States (n=17), the Netherlands (n=8),
and the United Kingdom (n=4). Another 7 European countries
(eg, Austria, Spain, Portugal, Belgium, Germany, Switzerland,
and Finland) were represented in atotal of 20 articles.

In terms of publication avenues, the included articles were
published in 40 different scientific journals and proceedings.
Divided by disciplines, 42 articles were published in the field
of medical and health sciences, 13 in engineering and computing
(including ergonomics and human factors), and 13 in
interdisciplinary journals or conferences (eg, PloSOne), out of
which 6 werein the interdisciplinary field of digital health (eg,
Journal of Medical Internet Research).
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Study Design

For experimental studies, 25 articlesreported RCTs (including
cluster RCTs), 4 reported randomized crossover studies, 4
reported before-and-after studies with control or comparison
group(s), and 10 reported before-and-after studies without
control or comparison group(s). In addition to those traditional
experimental designs, 9 articlesreported descriptive quantitative
process data (eg, fidelity of delivery, reach, usage pattern of the
technology, and compliance to break prompts), 11 articles
reported qualitative data reflecting participants/stakeholders
perspectives (eg, pre-and poststudy interviews), and 19 articles
reported the design and development of the technology.

Note that the above categories were not mutually exclusive as
1 article could include both quantitative and qualitative results
and report both the design process and an evaluation study.

Development and Research Phase

All 68 articles featured complex interventions according to the
MRC definition. Table 4 shows the number of articles
categorized into each intervention devel opment phase based on
the MRC framework. Except for 2 articles that reported both
the development and piloting phase [46,47], each article was
assigned 1 category.
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Figure 2. Number of articles by year of publication and country of study.
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Table 4. Distribution of articles by development phases.

Phase of intervention development Articles (n)
Development 19
Feasibility and piloting 34
Evaluation 10
Implementation 7

Participants

All studiesincluded participants employed in office-based jobs.
Indeed, most studies recruited participants from office-based
workplaces covering different sectors and worksite sizes,
although the majority of studieswere conducted in universities
and public-sector worksites. Only afew design and development
studies recruited via local newspaper, social media, and from
participant pools, resulting in a mixture of office workers and
unemployed participants (eg, the study by Rabbi and colleagues
[46]—13 students and 4 office workers; the studies by Bond
and colleagues and Thomas and colleagues [48,49]—12
retired/employed and 18 office workers; the study by Mukhtar
and Belaid [50]—2 graduate students and 2 faculty members;
and the study by He Q and Agu [51]—6 students and 2
colleagues).

Overdll, 63 studies recruited participants regardless of body
mass index, whereas 5 studies targeted overweight and obese
adults[48,49,52-54]; all studiesbut 1 [55] included both female
and male participants. Except for 1 design and devel opment
study where sample size was not reported, sample sizes ranged
from 1 [56] to 91 [57] among development studies, 3 [55] to
412 [58] among piloting studies, 153 [59] to 631 [60] among
evauation studies, and 291 [61] to 69,291 [45] among
implementation studies.
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Intervention Characteristics

Target Behavior

Of al 45 interventions, 18 interventions (27 articles) focused
primarily on SB reduction, 14 (22 articles) targeted a
combination of SB reduction and other behaviors (eg, PA
promotion, diet management, posture correction, prompting
social interactionswith colleagues, and generd lifestyle change),
and 13 (19 articles) targeted other behaviors (eg, posture
correction and PA promotion) without an SB reduction element
intheintervention design but reported SB change asasecondary
behavioral outcome.

Theoretical Underpinning

Overall, 19 interventions were underpinned by at least one
theory, which included the theory of planned behavior (n=5),
socia cognitive theory (n=4), social ecological model (n=4),
the stages of change or transtheoretical model (n=4), and
theories of habits (n=3). The development of 3 interventions
followed frameworks (eg, I ntervention Mapping) that supported
theory-based intervention design [57,62,63].

Technological Design and Development Phase

Multimedia Appendix 2 provides detail s about the technol ogical
features and configurations implemented in each intervention,
the methods used to study those interventions, and study
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outcomes. Table 5 presents summative results on different
technological features/configurations in relation to the
development and research phase based on MRC framework.

Summary of Design-Related Findings

Information Delivery and Mediated Organizational
Support and Social Influences

Theuse of digital mediafor “information delivery was prevalent
among reviewed interventions and was sometimes integrated
with the feature of “mediated organizational support and social
influences (“ID and MOSSI ). A long-standing use case of this
was motivational messages sent from the managers email
addresses to convey organizational support and endorsement
for the program [59,64-66]. In other cases, “ID and MOSS|

were implemented in the form of online discussion forums or
socia networking sites to encourage individuals to share
experiences with peers and to foster social support or team
competition [45,60,61,67,68].

Two-thirds of the “ID and MOSSI” interventions had moved
beyond development and piloting phases, with 6 interventions
[23,59,60,69-71] having reached the evaluation phase and 2
[45,61] having reached the implementation phase. There was
consistent evidence for positive user-related outcomes (eg,
reduction in SB and increase in PA and work productivity)
across studies [23,59,60,67,70,71], except for the study by van

Huang et a

Berkel and colleagues [69], which delivered a lifestyle
intervention with a small component focused on SB reduction
and yielded nonsignificant intervention effects on SB or other
lifestyle behaviors.

The only published development work on “ID and MOSS|”
configuration was novel in applying ambient and affective
interfacesto persuasion. A system called “ PerFrame was created
to play footages of the users close friend performing
expressions showing either approval or disapproval, depending
on whether the users' behavior was healthy or not [72].

Digital Log and Automated Tailored Feedback

Integration of “digital log and “automated tailored feedback
was another common configuration (“DL and ATF), as such
systems took user inputs and generated feedback accordingly.
These ranged from textual advice tailored to psychological
constructs assessed with a simple Web-based questionnaire
[24,73,74] to sophisticated visualization and simulations tools
providing feedback on outcomes of self-reported behaviorssuch
as daily step counts [45,60,67] and PA [75,76].

Although only 8 interventions were identified in this category,
half of them [24,60,67,74] had reached the evaluation phase
and one [45] the implementation phase. All reported SB
reduction in the intervention group over time, though only 2
[60,67] reported significant between-group (intervention vs
control) difference in SB reduction.

Table5. Summative results on technological design and development phase.

Technological design Total, n (%)

Development, n (%) Feasibility and piloting, n (%) Evaluation, n (%)

Implementation, n (%)

Overall 45 (100) 13 (29) 21 (47) 8(18) 3(7)
D2 36 (100) 9(25) 17 (47) 8(22) 2(6)
DLP 14 (100) 1(7) 5 (36) 5(36) 3(21)
PDCE 39 (100) 12 (31) 18 (46) 6 (15) 3(8)
cpd 12 (100) 6 (50) 5 (42) 1(8) _e
o 28 (100) 13 (46) 14 (50) 1(4) —
ATF9 29 (100) 9(31) 12 (41) 6(21) 2(7)
Mossi" and 1D 12 (100) 1(8) 3(25) 6 (50) 2(17)
PDC and ATF 26 (100) 9(35) 11 (42) 4(15) 2(8)
PDC and SP (JITAI) 19 (100) 13 (68) 5 (26) 1(5) —
Using on-board sensors 8 (100) 6 (75) 2(59) — —
Using connected sensingde- 11 (100) 7 (64) 3(27) 1(9) —

vices (“CD, PDC, and SP")

4 D: information delivery.

bDL: digital log.

®PDC: passive data collection.

deD: connected device.

€no intervention found in the category

fSP: scheduled prompts.

9ATF: automated tailored feedback.

PMOSSI: mediated organizational support and socia influences.
ITAL just-in-time adaptive intervention.
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Several studies have examined design-related outcomes such
as user engagement and experience of the “DL and ATF’
platform. For instance, in the study by Compernolle and
colleagues [74], it was reported that 86% of the participantsin
theintervention condition requested computer-tail ored feedback
and advice and that the majority rated the advice positively; in
contrast, in the study by Marshall and colleagues[24], only half
of the participants visited the website for tail ored feedback and
even fewer used the website for a second time. Although both
platforms delivered stage-based advicetailored to participants
self-reported PA and psychological determinantsof PA, it could
be the provision of pedometers in the study by Compernolle
and colleagues [ 74] that made a difference.

Despite a lack of evidence showing “DL and ATF” as the
efficacious component causing SB reduction, it was reported
as a key mechanism of behavior change in severa qualitative
studies. Participants in the study by Bort-Roig and colleagues
[77] highlighted the motivational value of being able to view
logged data through visual graphics on a website and gain
feedback; the study by Cooley and colleagues[78] interviewed
15 participants, who suggested that the mere act of logging
nonpurposeful physical activities during breaks changed their
perceptions of what constituted exercise—they al so thought the
automated feedback on progress hel ped them set up goals.

Passive Data Collection and Automated Tailored
Feedback

Replacing “digital log with“passive datacollection to provide
input for “automated tailored feedback isamoretechnologicaly
advanced configuration (“PDC and ATF"), as it capitalizes on
automated sensing technologies and activity detection
algorithms. Smartphones and pedometers were the 2 most
frequently used devices for this configuration.

A number of smartphone appsincorporated datafrom on-board
accelerometers or utilized Android APIs for real-time activity
classification. Feedback was usually offered in the form of a
dashboard with a break timer, daily accumulative active and
inactive minutes, and/or a lifelog of activity episodes in
chronological order [47,48,50,51]. Practical issues with this
technological approach were identified, such as* phone battery
drained quickly because of the accelerometer use and “users
did not aways carry the phone with them [47,51,79].

Pedometers were often used to provide instant and simplistic
feedback on PA (eg, [74]). They were also used as a support
tool (1) alongside DL to enhance the accuracy of self-report PA
and (2) alongside MOSSI to provide the metric for team-based
competition [28,45,52,54,66,71,80,81]. Participants generally
considered the technological monitoring tool very helpful
[54,77] and an evidence for organizational investment in staff
health [82].

Notably, only 6 [23,45,59,67,74,81] out of the 25 “PDC and
ATF" had reached the evaluation and implementation phases,
5 of which were pedometer-based interventions. Most
interventions that used smartphone for both “PDC and ATF”
were in the devel opment and piloting phase.

Development research conducted in this space was innovative
and informativein several aspects. First, machine learning was
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applied to classify activities and generate suggestions based on
the users' past behavioral patterns, which were found to yield
stronger intention to follow than generic suggestions [46].
Second, the likeability of different forms of feedback was
explored: “at-a-glance and real-timedisplay of summative data
was perceived as useful and motivating by users [48,51];
potential features demanded by users were visual feedback on
the health outcomes of SB, accurate and reliable data sources,
and the control over the collection and sharing of their data
feedback with colleagues [83].

Passive Data Callection and Scheduled Prompts
(Just-in-Time Adaptive | nterventions)

Passively collected data were utilized in 19 interventions to
determine when to trigger prompts. Those were coded as“PDC
and SP in addition to “JITAl in abracket to be differentiated
from the 9 SP interventions that prompted users at fixed times
throughout the day [52,55,76,84-87]. Smartphone was the
top-choice device used in this category, followed by desktop
computers. A few studies used other connected devices (CD),
whichwill bediscussedinthe“CD, PDC, and SP” configuration
category.

Overal, 18 out of 19 “PDC and SP” interventions were in the
devel opment and piloting phase. Thisbody of research produced
outcomes particularly relevant to this review.

First, the studies were fruitful in identifying the optimum
modality, frequency, and manner for interrupting users in the
middle of sedentary work. Van Dantzig and colleagues [47]
suggested the textual content of the persuasive messages was
unimportant and atimely tactile notification on the smartphone
might be just sufficient. Thomas and Bond [49] conducted a
randomized crossover study with audible break prompts
delivered from a smartphone app for 1 week in each of the 3
conditions: (1) a 3-min break prompt after 30 continuous
sedentary minutes, (2) a6-min break prompt after 60 sedentary
minutes, and (3) a 12-min break prompt after 120 sedentary
minutes. It was discovered that the 3- and 6-min conditions
resulted in the greatest number and sum duration of walking
breaks, the best and fastest compliance with prompts; from the
users perspective, the 6-min condition was the most preferred
one [48]. Mukhtar and Belaid [50] found that reminders
delivered with variable interval s adaptive to the duration of the
last inactive episode were preferred by users to reminders
delivered with fixed intervals. In terms of manner, some
interventions adopted a so-called “passive prompt approach,
in which the screen was locked unless the user complied with
the suggestions, whereas others followed an “active prompt
approach by allowing the user to snooze or dismiss the prompt
and carry on work. Although higher odds of compliance were
recorded in the passive prompts condition than in the active
prompts condition in 1 study [75], user annoyance with the
passive prompt approach was also reported [78].

Second, the research was innovative in applying
“quick-and-dirty design methodsto piloting novel intervention
approaches and studying potential usability issueswithout large
investment in development. For instance, in the abovementioned
PerFrame study, a so-called “Wizard of Oz paradigm was
applied to control the system output. That is, instead of

JMed Internet Res 2019 | vol. 21 | iss. 2 | €11079 | p.43
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

implementing complex Computer Vision algorithms, the
researcher observed the users' sitting posture via a camera and
remotely controlled which video footages to play [72]. In
another example, researchersdrew on arange of design research
techniques such as diary, scenario, and technology probe to
eicit user feedback on the design idea of an emotionally
expressive robot, which would otherwise take a long period of
development before getting users' input [88].

Connected Devices, Passive Data Collection, and
Scheduled Prompts

Withinthe“PDC and SP configuration category, 11 intervention
delivery systems employed an even more technologically
advanced feature, by drawing on data from externally CD.

Only 1 “CD, PDC, and SP’ intervention had moved to the
evaluation phase [59]. The study compared an intervention
including awearable activity tracker that made the smartphone
promptsresponsiveto real-time user statuswith anintervention
without the external device. Although there were no significant
between-condition differences in prolonged sitting reduction,
a 70.5% uptake of the waist-worn activity tracker was
encouraging.

The development and piloting research in this space extended
our knowledge of devices and mediathat can be possibly used
for delivering SB interventions.

Several peripheral sensing devices with various form factors
wereincorporated in interventions reviewed, including cushions
on chairs to monitor sitting time [53,56], wearables to capture
activities and postures [59,89,90], and sensors attached to
workstations to infer sedentary time from workstation use time
[47,91].

A number of data transfer technologies were used to establish
connectivity between devices. Bluetooth technology was
commonly used for wirel ess communications between portable
devices, for instance, between an Android/iOS device and a
nearby peripheral sensing device [59,92]. Some early studies
used mobile networks to send text messages from a server to a
mobile phone as a way of prompting users [47,89]. Universal
Serial Bus (USB) and other cable-based connectionswere often
utilized in systems for which portability was not crucial. For
instance, the studies by Van Dantzig and colleagues, Slootmaker
and colleagues, Ferreiraand colleagues, and Carr and colleagues
[47,89,91,93] used USB-type protocols for sending
environment-based sensor datato the users workstations, where
the prompts were scheduled and delivered. USB protocol was
also used in early prototypes of connected systems [56,94] to
actuate novel user interfaces (eg, mechanically controlled
sculpture and ambient light) from an Arduino, which is an
open-source platform for creating interactive el ectronic objects.

Pros and cons of different technol ogieswere explored. Wadhwa
and colleagues [ 79] examined the technological feasibility and
socia acceptability of mobile versus environment-based sensing.
The authors proposed a triggered-sensing approach to replace
some mobile sensing with infrastructure sensing to extend
battery life of mobile sensors; in addition, they analyzed users

response latencies to different prompts and found a slight user
preference for mobile-based notifications to workstati on-based
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ones. Haller and colleagues [95] connected a posture sensing
chair to 3 different types of media for delivering prompts
(onscreen graphic feedback, tactile feedback from the chair
itself, and physical feedback delivered by a plastic plant that
became droopy to represent bad posture of the user); the result
wasin favor of the physical feedback, asit required the shortest
time to return to the main task after the prompted activity and
was rated by users as least disturbing. Along the same line of
reasoning, several design studies assessed the technological
feasibility, ease of understanding, usability, and likeability of
ambient displays, such as programmabl e scul pturesthat changed
shape [56,91], or ambient lights that altered color [94,96] to
reflect users' sedentary time and remind the user to take breaks.
Nonetheless, although all the researchers suggested the need
for longer-term experiments to establish the viability of their
design approaches, no published foll ow-up studies were found.

Discussion

Principal Findings

This review sought to inform its readership about the research
activity and technological landscape in the field of digital SB
interventions for office workers and to identify research gaps
and collaborative opportunities that could be further exploited.

This paper, first of al, serves as a roadmap that indicates the
range and location of the literature on this topic. A total of 68
articles describing 45 interventions were identified. Although
only afew studieswere capable of providing definitive evidence
(25 RCTs, of which only 9 were qualified as“ evaluation phase
studies), thisisto be expected in an expanding field of interest
with alot of effortsto bring in novel technological features and
configurations. In terms of geographic distribution, we observed
that the devel opment and piloting work conducted in this field
was|ocated acrossthe globe, whereas eval uation/implementation
research tended to be concentrated in specific countries and was
usually associated with large national research initiatives (eg,
Australiaz “Stand up Austradia and “Global Corporate
Challenge ; the Netherlands: “ Vitality in Practice ; and Spain:
“Walk@WorkSpain ). Some of those projectswere also fruitful
in generating publications, partly because they followed a phased
approach to conducting and reporting the devel opment, piloting,
and evaluation of complex interventions as recommended by
the MRC guidance (“ Stand up Australia [63,65,70,97,98] and
“Vitality in Practice” (VIP) project [57,99]). In terms of
disciplines where research on this topic can be located, we
demonstrated the added value of searching for articles outside
medical and health sciences databases. Finally, we found many
SB reduction elements embedded in interventions targeting
other behaviors such as posture correction or PA promotion.
Indeed, only 18 interventions in this review solely targeted SB
reduction.

Second, this review provides an overview of the current
technological landscapein thisfield, with anovel coding scheme
constructed specially for this purpose. As shown in Table 5,
configurations like “ID and MOSSI and “DL and ATF have
mostly been researched in the evaluation and implementation
phase. Lessinvestment in devel opment or pil oting was observed,
probably because those configurations typicaly used
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technologies merely as mediato exchange information that was
traditionally delivered with print media or face-to-face
communications, and hence, less complex computational model
or infrastructure design was needed. In contrast, research on
interventions that delivered SP or ATF based on PDC (“PDC
and SP [JITAI],” “PDC and ATF"), in particular with sensors
from CDs (“CD, PDC, and SP’), mostly remained in the
development and piloting phase.

Notably, although validated PDC devices, such asthe ActivPAL
(PAL Technologies Ltd, Glasgow, United Kingdom) and
ActiGraph (LLC, Pensacola, FL, USA), were widely used for
outcome measurement [27,28,52,59,65,70,80,84,87,97,98,100],
they were seldom integrated with other technological features
as part of the intervention delivery system in the studies
reviewed. This might be because early models of the ActivPAL
and ActiGraph devices were not equipped with any output
module (eg, ascreen) to let wearers, or even researchers, receive
feedback on SB during the monitoring period; neither werethe
stored data accessible to third-party appsor devicesinreal time
for implementation of JITAI. This may, in turn, demotivate
deployment of those devices beyond the assessment period
(usually 1 week or 5 workdays), which could otherwise collect
data throughout the whole study period and generate valuable
insights into the process of change, as demonstrated in several
studies[47,49,97]. Thissituation should soon be improved with
the latest ActiGraph GT9X Link (LLC, Pensacola, FL, USA)
and SitFIT (PAL TechnologiesLtd, Glasgow, United Kingdom)
devicesthat comewith screensfor instant feedback on behaviors
and Bluetooth modules for communication with external
devices.

That waswhy we coded CDs separately and considered it avery
important trend that could potentially catalyze a paradigm shift
in the use of data in behavior change. Not to mention easier
integration of multiple data sourcesto makeinterventionsmore
relevant to the context, CD greatly expands the range of
interfaces and media that can be used to deliver SPs to users.
We identified exploratory work on developing and piloting
ambient displaysto deliver break reminders subtly [72,94,96].
The technological advancements in the field of Tangible,
Embedded, and Embodied Interactions presents new promise
for thisline of research, as mechanically controlled objects have
been created [56,95] or designed [88,91] as a creative and
pleasant way to persuade users into taking breaks and caring
for their own health.

Implications

In addition, 2 notable blank spots can be identified in Table 5,
suggesting areas where evidence is lacking and more
investigations are warranted.

One is the dearth of research on interventions utilizing CDs,
especialy in evaluation and implementation phases. Research
opportunities exist in exploiting wireless connectivity to make
interventions more relevant to individual users and contexts.
Manufacturers of well-validated PDC devices are starting to
provide Software Development Kits (SDKs), such as the new
ActiGraph Link SDK, which allowsthird-party appsor devices
to stream the PDC devices' raw data in real time or near real
time. Thisis very encouraging; however, no studies have been
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published featuring interventions using such SDKs to exploit
thevalue of CD. To achievethis, collaborations between health
scientists, computer scientists, and engineersfrom both academia
and the industry need to be fostered.

Another notable blank spot in Table 5 isthelack of research on
SPs beyond the piloting/feasibility phase. Considering the
numerous innovative break-prompting installations that have
been devel oped and pil oted in engineering and computer science,
efforts could be directed toward moving them to the next phase
of evaluation with a more rigorous study design. This line of
research is promising for 2 reasons. First, research suggests
in-the-moment guidance that prompts smaller yet more frequent
changes in existing behavior has a potential for greater impact
than suggestions only tailored to overall behaviors periodically
(eg, daily energy burnt) [46]. However, there is a lack of
knowledge about the opportune manner of prompting office
workers in the moment of sedentary work. Second, as the cost
of embedded electronics is dropping, it becomes increasingly
possible to scale up interventions delivered with novel
technological devices, such as those systems reminding users
subtly by changing ambient light or shape of physical artifacts
[56,94,96].

Finally, upon reflection of using the MRC framework and
conducting this review as an interdisciplinary team, we have
realized differences in the understanding of “development and
alack of connection between different communities. There are
encouraging examples where researchersfollowed through and
published more than 1 stage of developing, piloting, and
evaluating an intervention [57,62,63]. However, when it comes
to the design and development of technologies for delivering
interventions, it appears that health and behavioral scientists
without technical backgrounds are less involved or interested.
Meanwhile, although technological innovations aretaking place
in the fields of engineering and design, there seemsto bealack
of mechanisms in place to feed design-related findings into
other fields or move the novel technologies downstream to the
evaluation phase.

It requires more thinking as to how to better connect and
empower 2 communities—the community with expertise in
intervention content development and evaluation and the
community with capacities to design, develop, and study
technologies with users. The answer to the question is beyond
the scope of this review. Nevertheless, as a starting point,
researchersfrom all disciplines can familiarize themselves with
the MRC guidance and position their research in the big picture
of developing and evaluating complex interventions. Health
and behavioral scientists can also get more involved in
user-centered research and have more inputs to early-stage
technology innovations.

Limitations

The aim of this review was to scope the research activities and
describe the technology design in SB interventions targeting
office workers; as such, we did not intend to compare or
synthesize the behavior change outcomes across interventions
with meta-analysis. In addition, our review used a single code
for PDC and focused onitsintegration with other technol ogical
features. The measurement and self-monitoring properties of
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different devices used in those studies could have been coded
with amore fine-grained coding scheme. However, we deemed
this unnecessary, because a scoping review specifically on
devices for self-monitoring SB and PA [36] was published
during our data extraction phase and the authors of that review
had coded the devices in terms of wear locations, outcomes
measured, the type of feedback available, and various other
measurement and self-monitoring properties

Conclusions

Thisreview demonstratesthe prevalent and diverse use of digital
technologiesin SB interventions targeting office workers. The
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Abstract

Trials of digital interventions can yield extensive, in-depth usage data, yet usage analyses tend to focus on broad descriptive
summaries of how an intervention has been used by thewhole sample. This paper proposes anovel framework to guide systematic,
fine-grained usage analysesthat better enables understanding of how an intervention works, when, and for whom. The framework
comprisesthree stagesto assist in the following: (1) familiarization with the intervention and its relationship to the captured data,
(2) identification of meaningful measures of usage and specifying research questions to guide systematic analyses of usage data,
and (3) preparation of datasheets and consideration of available analytical methodswith which to examinethe data. The framework
can be applied to inform data capture during the development of a digital intervention and/or in the analysis of data after the
completion of an evaluation trial. We will demonstrate how the framework shaped preparation and aided efficient data capture
for a digital intervention to lower transmission of cold and flu viruses in the home, as well as how it informed a systematic,
in-depth analysis of usage data collected from a separate digital intervention designed to promote self-management of colds and
flu. The Analyzing and Measuring Usage and Engagement Data (AMUSED) framework guides systematic and efficient in-depth
usage analysesthat will support standardized reporting with transparent and replicable findings. These detailed findings may also
enable examination of what constitutes effective engagement with particular interventions.

(J Med Internet Res 2019;21(2):€10966) doi:10.2196/10966

KEYWORDS
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computer), making them cost-effective for providers [4,5].
Trialing a digital intervention can yield complex, large-scale

Digital interventions areintended to support positive changein  délasets containing detailed usage data If anayzed
a range of health-related outcomes, including psychological, appropriately, this data is able to provide invaluable detail on

behavioral, educational, social, and environmental [1-3]. They how users interact with the intervention and inform our
may be delivered using any digital device (eg, phone and understanding of engagement. Measuring digital intervention
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engagement has been described as amultidimensional concept,
including the extent to which an intervention is used (eg,
amount, frequency, and duration) and the subjective experience
of the user as characterized by attention, affect, and interest [6].
As a key element of engagement, in-depth and consistently
applied usage analyses are capable of providing invaluable
insight into the field of engagement with digital interventions.

Usage analyses frequently examine the extent to which an
intervention is used by the whole sample, utilizing variables
such as the number of times users logged in, total time spent
on an intervention, or number of pages viewed [7]. These
broad-level analyses do not aways take advantage of the
detailed and comprehensive data available and they frequently
assume that greater amounts of usage are indicative of higher
levels of interaction that lead to increased changes in target
behavior [8]. Harnessing thefull range of datacan instead enable
more informative usage variables to be computed or combined,
which may answer specific research questions about patterns
of usage (ie, who the intervention was used by and how it was
used) [8,9]. Recent interest in effective engagement considers
these individual patterns of usage and the minimum level of
engagement necessary for changesin target behavior to occur,
including variation across individuals [8,10-12]. Effective
engagement is defined as sufficient engagement with the
intervention to achieve intended outcomes [8]. For example, a
digital intervention designed to lower the transmission of cold
and flu provided four sessions of content, requiring the
intervention to be accessed on four separate occasions. Howeve,
analysis of usage data, reported behavior, and incidences of
illnesses revealed that using the first session alone facilitated
the required change in behavior to increase positive outcomes
[11]. Alternatively, effective engagement may be context
dependent, whereby viewing specific content components, in
a certain order, or at an appropriate time, is the minimum
threshold necessary for change [8,11,12].

During the planning of adigital intervention, processes such as
logic models and guiding principles may be used to structure
the theoretical underpinning and associated content for the
intervention [13-15]. Thesetechniques help identify behavioral
determinants (eg, beliefs associated with the target behavior),
which may be important in influencing the target behavior; for
example, low confidence to manage symptoms or perceived
barriersto performing a specific behavior. In order to influence
favorably these behavioral determinants, content containing
behavior change techniques (BCTs), such as goal setting,
feedback on behavior, or habit formation, are incorporated into
the intervention [16]. However, by performing analyses which
focus solely on broad usage patterns across the whole sample,
the opportunity is missed to understand how specific
intervention content (eg, BCTs) is used by subgroups with
particular characteristics (ie, behavioral determinants) and the
extent to which there is a relationship to the target behavior
[11,16]. Devising a plan of analysis to answer these questions
using the fine-grained data often available from digital
interventions enables us to examine the constructs of the logic
model and further our understanding of the mechanisms of
action underlying successful behavior change [17,18].

http://www.jmir.org/2019/2/e10966/

Miller et al

Analyzing usage metrics to better understand engagement has
been proposed for some time, with the “law of attrition” being
one of the first theories to draw attention to the benefits of
examining usage data in this way [19]. The importance of the
type of content viewed as well as the amount has also been
acknowledged [20]. More recently, researchers have advocated
using complex log datafrom digital interventionsto further our
understanding of engagement [11,12] and to examine
relationships between usage, participant characteristics, and
health outcomes [21]. However, the importance of providing
consistently reported findings that will enable comparison of
usage across different digital interventions has also been
highlighted [6,8]. Existing guidelines encourage precise and
standardized reporting for general analyses of digital
interventions [22,23]. The challenge of undertaking efficient
and systematic analysis of large datasets without the guidance
of aframework isalready acknowledged: Sieverink et a detailed
the importance of using research questionsto guide analysis of
log data [24] and Taki et al demonstrated how categorizing
different usage metrics can inform our understanding of
engagement [25]. However, systematic reviews suggest that
these types of analysis of usage data are not yet routinely
undertaken [7,26]. This may be due to the absence of a
framework that contains comprehensive checklists combining
both the systematic breakdown of usage dataand the formulation
of research questions to structure usage analyses of digital
interventions. In addition, without prior identification of
necessary data capture processes, the final usage data collected
may be unable to answer the research questions posed.

This paper proposes anovel framework to structure the process
of analyzing usage associated with a digital intervention by
doing the following: (1) drawing together potential measures
of usage and identifying which are meaningful to the
intervention, (2) generating specific research questions to act
astestable hypotheses, and (3) supporting data preparation and
selection of methods for analysis. Specifically, the framework
for Analyzing and Measuring Usage and Engagement Data
(AMUSED) can encourage the collection and/or extraction of
data that will explain who used which parts of the intervention
at what time and whether that was associated with positive
outcomes. The framework focuses on usage as akey component
of engagement, but does not aim to encompass all aspects of
engagement. Nonetheless, the examination and analyses of
usage data, using the framework, can move toward the
identification of what congtitutes effective engagement. In
addition, the framework offers an approach to digital
intervention data analysis that can be applied both before and
after data collection.

When used during intervention development, the AMUSED
framework aids development teams to compile an a priori
analysis plan for use after data collection. This alows the
opportunity to evaluate whether all necessary data will be
collected and whether thisisin asuitable format for analysis at
alater date. Thisis particularly pertinent for interventions that
are developed with external partners who may be unaware of
the theoretically based elements of the intervention and their
implications for analyses. When applied after data collection,
theframework isespecially useful for general orientation when
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a researcher is unfamiliar with the intervention or when no
advance plan of analysisisavailable. Using the framework helps
focus exploratory usage analyses on addressing the theory
underpinning an intervention and the plausible mechanisms of
action on target outcomes, aiding more scientifically rigorous
analyses. Should an analysis plan be available, the framework
facilitates a review to ensure that the plan is till appropriate
and aids revision where necessary.

Development of the Framework

The AMUSED framework was initially developed as a means
to systematically and rigorously analyze post hoc usage data
collected during digital intervention trials. Thefirst author (SM)
was tasked with analyzing usage data from Internet Dr, a
successfully trialed digital intervention (see the case study
involving Internet Dr below). Thistask was challenging because
of the author’s unfamiliarity with the intervention, the depth
and complexity of datacollected, and the absence of an existing
framework to provide step-by-step guidance on approaching a
usage analysis. Stages 1 and 2 of the framework were devel oped
alongside the process of understanding and beginning analyses
of usage data collected from Internet Dr. An early version of
the framework was presented to a multidisciplinary digital
intervention development team with experience across health
psychology, primary care, and statistics. The framework was
then refined based on the team’s input and experiences of
applying the framework to their own usage analyses. Thevalue
of having a systematic process through which to consider data
collection during the devel opment phase of adigital intervention
was subsequently noted. The framework was then expanded
and applied to the amendment of a second intervention, Germ
Defence (see the case study involving Germ Defence below).
Following this, the framework was presented to the wider
scientific community at a national conference in the United
Kingdom. Here, the value of using the structure provided by
the framework to support collaboration between social scientists
and software development companies and identification of
necessary data collection processes was recognized. The
framework was then shaped further to provide equal weight to
both a priori and post hoc analysis needs.

Description of the Analyzing and
Measuring Usage and Engagement Data
(AMUSED) Framework

Overview

The framework is presented in three stages: (1) familiarization
with available datasets, (2) selecting meaningful measures of
usage and generating research questions, and (3) preparation
for analysis. Each stage is available in checklist format, with
generic questions acting as prompts for the researcher to
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consider in the context of their own specific intervention (see
Multimedia Appendices 1-3). It is anticipated that use of the
three stages will be iterative depending upon whether the
framework isbeing applied in advance of or after datacollection
(see Figure 1). For example, when considering appropriate
analytical software (Stage 3) during the devel opment phase of
an intervention, it may be necessary to reformat how data are
recorded to ensure compatibility. Alternatively, analyses of
collected data may reveal unexpected patterns of usage, such
as repeated visits to a component of content, from which new
exploratory research questions can then be generated (Stage 2).

The framework focuses specifically on examining the
relationships and associations between measures of usage and
user characteristics, theoretical variables, behavior, and/or
health-related outcomes. However, it is anticipated that analyses
of usage would be considered in the context of abroader process
evaluation that may examine how variables other than usage
are associated with intervention outcomes [27].

Stage 1: Familiarization With the Data—I dentifying
Variables

Evaluation of a digital intervention can produce large datasets
containing information collected in avariety of formats. It may
be necessary to collate relevant data across the datasets and
compute new variables before usage analyses can be conducted.
To simplify this process, Stage 1 proposes a checklist (see
Multimedia Appendix 1) comprising a set of generic questions
that will support acomprehensive understanding of the structure,
processes, and content of the intervention in relation to data
capture, contents of the datasheets, and factors related to trial
implementation (eg, participant recruitment, Stage 1, Item 3).
When used during the development phase of an intervention,
the framework provides the opportunity to record and measure
usage data that align with the proposed analysis plan. Ensuring
efficient data capture at the outset can remove the need for
extensive data cleaning and manipulation. When used for post
hoc analysis only, Stage 1 can support the identification of
appropriate usage variables and inform subsequent datacleaning
and manipulation in preparation for analysis.

The usage data has been grouped into three categories.
Inter vention characteristics describes architecture, content, and
expected workflow through the intervention, including intended
usage [15] (eg, anticipated number of log-ins, number of
available content components, and number of pages within a
tunnel ed section). Accrued data coversall datacollected during
the running of the intervention, such as logs of interactions or
log data (eg, date and time of use, pages viewed, and time spent
on them) and user-entered data (eg, self-report). Contextual
data encompasses previous findings related to the intervention
development and trial (eg, factors affecting usage) and relevant
external factors (eg, national health promotion campaigns).
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Figure 1. Stages of the Analyzing and Measuring Usage and Engagement Data (AMUSED) framework. Dotted lines indicate optional paths to revisit

if necessary.
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Accrued data is usually collected automatically and recorded
in datasheets, making the variables easier to extract and analyze.
While some variables for intervention characteristics and
contextual data may aso be captured in this way (eg, humber
of log-ing), it is anticipated that additional measures may be
either conceptual or external, meaning that they would not
automatically be recorded as analyzable measures. For example,
adigital intervention designed to increase physical activity may
include pages addressing barriers to the target behavior, such
as not having enough time to exercise or not having access to
equipment. Pages containing advice to overcome these barriers
may be distributed throughout the intervention, but are based
on the same underlying theoretical concept (ie, an intervention
characteristic). Therefore, a new variable needs to be created
capturing usage of these pages and exposure to the theoretical
underpinning. By identifying these measures of usage in
advance, it is possible for additional data capture processes to
be created, aiding efficient analyses after data collection. For
example, depending on the delivery platform, code may be
added to an intervention so that userswho view these pages are
recorded within a unique variable column in the log data
Contextual datais also less likely to be automatically collected
and recorded within the study. If a large-scale outbreak of a
respiratory infection occurs during the trial of an intervention
aimed at reducing transmission of such infections, one might
want to assess the potential impact on usage data. As with
intervention characteristics, it may be possible to add further
measures in order to capture personal experience of theillness
or impact in a broader context.
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It should be noted that the range of data available for collection
may differ depending on the software used to develop and/or
deliver the digital intervention. Using the framework during
development to determine in advance which data are crucial
may facilitate software development or else aternative
workarounds. For example, where softwareis unable to collate
total time spent on selected intervention pages, it will be
necessary to ensure time spent by page is readily available to
collate this after data collection. Interventions will also vary
greatly in architecture and structure, depending on design,
software, and delivery platform used (eg, website, app, or text
based). For example, a session (Stage 1, Item 1) may refer to a
singlelog-in, acomponent of content available across multiple
log-ins, or the amount of times a specific activity is accessed.
Theframework providesastructure broad enough to be applied
to different interventions. However, it is not anticipated that all
criteriain the checklistswill apply to every digital intervention.
Where concepts and examples provided do not directly trandate,
researchers are encouraged to define them as relevant for their
intervention and adapt the framework as needed.

Stage 2: Selecting M easures of Usage and Generating
Resear ch Questions for Engagement

Overview

Establishing testable hypothesesisthe precursor to carrying out
systematic analyses. The aim of Stage 2 is to support the
generation of specific research questions to drive testing of
hypotheses. Stage 2 is divided into three sections to reflect the
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increasing complexity of comprehensive usage analyses. Section
1 helps define specific measures of usage (ie, descriptive
statistics), while Sections 2 and 3 generate research questions
(ie, bivariate and multivariate analyses).

Stage 2, Section 1: Descriptions of Usage Variables

The first section of Stage 2 provides a nonexhaustive list of
potential usage measures. Example questions on the checklist
(see Multimedia Appendix 2) demonstrate how measures of
usage may be constructed.

The abundance of data and potential usage variables can
encourage unsystematic data dredging. Identifying and
reviewing the range of usage measures available enables
researchers to make informed and/or theoretically driven
decisions about what will be the most meaningful variables to
include in any subsequent analysis plan. The process of
familiarization with intervention content and architecture (Stage
1) may highlight considerationswhen selecting usage variables
for analysis. For example, it may become apparent that certain
sections of the digital intervention were considered to be of
greater importance during the planning process, such as
componentsthat aretheoretically informed (eg, pages containing
BCTsor advice and goal -setting sections). Therefore, analyzing
the usage of these pages, specifically, would be more meaningful
than analyzing the total number of pagesviewed. Alternatively,
theintervention logic model may indicate that two theoretically
based components are considered to have equal importance, yet
they may have differing amounts of content within them,
meaning that users would spend more time on one than the
other. On that basis, analyzing the time spent on theory-based
components may result in misleading conclusions about the
impact of usage on health outcomes. In this scenario, a
categorical usage metric may be more meaningful (eg, having
completed or revisited the component). Analyzing asingle usage
measure is unlikely to provide a comprehensive understanding
of engagement for all users across an intervention. However,
combining multiple usage measures in a systematic way will
provide a more detailed understanding of how users engaged
with the intervention and what patterns of usage are associated
with intended outcomes.

During intervention development, this process is undertaken
prior to data collection and is therefore based on prospective
dataidentified in Stage 1—bracketed numbers provided in Stage
2, Section 1, indicate their counterpart sectionsin Stage 1. Given
the considerable crossover, we anticipate that these sections
will be completed iteratively (see Figure 1). The purpose of
Stage 1 isto identify all potential measures of usage available
within the data; Stage 2 then narrows down that selection by
considering which measures will provide the most informative
understanding of usage for aspecific intervention. The selection
is informed by fundamental elements of the intervention
highlighted in the planning process [13,14]. For example, in a
digital intervention targeting weight loss, important measures
of usage might be identified as entering weekly self-reports of
weight, repeat use of recipe component, and time spent watching
exercise videos. When carrying out post hoc analyses,
descriptive statistics for measures of usage identified in Stage
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2 may provide greater insight into which measureswill be more
informative (see Figure 1).

Stage 2, Sections 2 and 3: Relationships Between Usage,
Participant Characteristics, Target Behaviors, and
Behavioral Determinants

The remaining two sections of Stage 2 (see Multimedia
Appendix 2) will guide the generation of specific research
guestions to assess how usage might be related to participant
characteristics, behavioral determinants, and target behavior.
While this stage can be used to generate limitless questions to
drive exploration of the data, the framework isinstead intended
to be used to help select the most important questions that will
answer theory-driven hypotheses. Usage variables are considered
in relation to participant characteristics (Stage 2, Item 2), target
behavior and behavioral determinants (Stage 2, Item 3), and
behavior change across the intervention (Stage 2, Item 3). By
answering these questions, it isanticipated that patterns of usage
that reflect effective engagement with a specific intervention
can be described. The moderating effect of demographic,
psychosocial, and health factors (Stage 2, Item 2) on the
relationship between usage and outcomes are also considered
in Section 3 of Stage 2. When defining these variables, it is
intended that the framework be adapted to individual
interventions; for example, it is possible that ameasure of usage
(eg, uploading ongoing health monitoring statistics) may also
be the intended primary outcome [13].

Stage 3: Preparation for Analysis

The Stage 3 checklist (see Multimedia Appendix 3) supports
the process of selecting appropriate types of anayses and
analytical software, as well as the data preparation necessary
to trangdlate the research questions developed in Stage 2 into a
plan of analysis. Generic questions guide the researcher to
consider broad issues, such asavailableresources (Stage 3, Item
1) (eg, timeframe, additional researcher support, and analysis
plan for efficacy), more specific issues of selecting appropriate
type of analysis and analytical software (Stage 3, Item 2), and
data management (Stage 3, Item 3) (eg, amalgamation,
manipulation, and cleaning).

Our experience suggests that traditional statistical methods are
not always suitablefor analyzing the types of research questions
generated by the framework. For example, while research is
usualy powered to analyze efficacy, it is frequently
underpowered for the type of subgroup analyses needed for
in-depth usage analyses. In addition, whereas analyses of
amounts of usage (eg, total time spent or number of log-ins)
often lend themsel vesto traditional methods, examining patterns
of usage (eg, movement through pages) requires aternative
methods to identify and inform subsequent statistical analysis.
Therefore, techniques such as visualization and process mining
may be more informative as they can reveal patterns of usage
within the data, such as workflow through an intervention,
clustering by participant groups, and tempora details[12,28-31].
In applying Stage 3 of the framework, the required data format
for any analytical software should be considered.
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Application of the Analyzing and
Measuring Usage and Engagement Data
(AMUSED) Framework: Two Case
Studies

Overview

The following section provides researchers with practical
examples of how the framework checklists can be applied in
advance of or after data collection. The key findings and
applicationsfrom utilizing the framework are highlighted below.
The framework is necessarily comprehensive and completion
of the checklists creates alot of data and information. Indeed,
this is the very process by which it supports the generation of
systematic and rigorous usage anayses. The completed
checklists for both studies have been amalgamated to enable
comparison and are available as supplementary data (see
Multimedia A ppendices4-6) so researchersusing theframework
in practice have detailed examples of its use.

ApplyingtheFramewor k During Development: Germ
Defence

Overview

PRImary care trial of a website-based Infection control
intervention to Modify Influenza-like illness and respiratory
infection Transmission (PRIMIT) was a large randomized
controlled trial (RCT) that showed a digital intervention to be
effective at lowering the transmission of colds, influenza, and
stomach upsets within the home through increased handwashing
[32]. The framework was used to inform and structure the
process of updating and amending the intervention to make it
ready for dissemination as an open-access resource for use by
the general public. Aspart of that process, theintervention was
renamed Germ Defence. The research team involved with the
dissemination was already familiar with theintervention, having
worked on the design and evaluation of the PRIMIT study—for
full details of the PRIMIT intervention and evaluation trial,
please see Little et al [32].

Stage 1: Familiarization With the Data

Applying Stage 1 of the framework supported usin undertaking
adetailed review of the original version of Germ Defence (Stage
1, Item 3.2; see Multimedia Appendix 4), along with data
collected from the prior RCT (Stage 1, Item 2). Thisinformed
crucial updatesto the collection of usage dataand the generation
of research questions, which we describe in the following
sections.

Disseminating Germ Defence to the general public required us
to strike abalance between obtaining informed consent to collect
a minimal amount of data to support evaluation, while still
enabling easy accessto key aspects of the intervention by users
who may be less willing to engage with standard research
procedures (Stage 1, Item 3.1). Compl eting the Stage 1 checklist
also alowed us to identify the following: (1) how the
intervention and consent procedures should be streamlined
(Stage 1, Items 3.1 and 3.2) and (2) what pertinent self-report
data should be collected to enrich analyses of the automatically

http://www.jmir.org/2019/2/e10966/

Miller et al

collected usage data and enable comparison with the prior RCT
data (Stage 1, Item 1.2).

Stage 2, Section 1: Descriptions of Usage Variables

We reviewed the range of possible usage variables and identified
which ones would provide the most informative picture of how
Germ Defence was accessed and used during dissemination (see
Multimedia Appendix 5). For example, the first component of
theintervention contains compul sory tunneled pages, including
a section for selecting handwashing goals. Examining dropout
across this component and online consent pages, along with
repeat use of the goal-setting section, will enable us to
understand if and where users disengaged with the intervention.
Wethen compared our list with the data collected from the prior
RCT. This identified crucial amendments to the data capture
process for Germ Defence that would otherwise have been
missed. Specifically, data recorded on use of the goal-setting
component was overwritten when revisited, losing both
user-entered data and our ability to view movement backward
and forward through these pages (Stage 1, Item 1.2). Identifying
thisissue in advance meant we were able to adapt the back-end
processes to ensure the required data were captured.

Stage 2, Sections 2 and 3: Relationships Between Usage,
Participant Characteristics, Target Behaviors, and
Behavioral Determinants

Completion of Stages 1 and 2 of the framework in parallel
helped us to narrow down our selection of usage-related
guestions to focus on behavioral determinants that were
identified to be most strongly correlated with the target behavior
in the prior RCT (see Multimedia Appendix 5). Since efficacy
of Germ Defence has already been established from the prior
RCT, the primary focus of the dissemination phaseisto examine
patterns of usage“inthewild” and their relationship to baseline
user characteristics. The following research questions are a
selection of those generated (Stage 2, Item 2):

1. Which pages see the highest amount of dropout, including
consent and baseline measures?

2. How do users move through the goal-setting pages and
what goals do they select?

3. Arebaseline measuresfor handwashing, level of belief that
handwashing will lower infection transmission, and/or belief
in the ability to increase handwashing associated with
usage?

4. Do users perceptions about the risk of infection to
themselves or a household member relate to usage?

5. Do the means through which users hear about the website
relate to usage?

Self-report data on behavioral and psychological variableswill
be collected using an optional survey (Stage 2, Item 3) in order
to minimize potentia dropout. This could be subject to selection
bias with significant differences in the characteristics of users
choosing to complete or not compl ete the survey. Any analysis
examining the association between usage and behavioral
outcome or change in behavioral determinants will be
undertaken with caution. However, accessing or completing the
survey may be operationalized as a measure of usage (Stage 2,
Item 1), providing the opportunity to analyze relationships
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between intervention and survey usage (eg, Is viewing more
intervention pages associated with completing the survey?)
(Stage 2, Item 2). A comparison of baseline characteristicswill
also enable a check of whether those who complete the
follow-up survey are different to those who do not.

Stage 3: Preparation for Analysis

The analytical tools available are SPSS for Windows version
24 (IBM Corp) and LifeGuide Visualisation Tool (University
of Southampton) (Stage 3, Item 2; see Multimedia Appendix
6) [28,33]. It isanticipated that there will be insufficient power
for definitive hypothesis testing. Patterns of usage (eg, repeat
use and dropout across tunneled pages) will be best explored,
initially, using visual tools. As Germ Defence has been built
using LifeGuide software, the data produced will be compatible
with the visualization tool (Stage 3, Item 3). Usage data
collected from the intervention will need to be amalgamated
and linked with self-report data from the optional survey. Thus,
it was necessary to ensurethat all userswere allocated a unique
nonidentifiable numeric ID upon first access so that all datacan
be linked (Stage 3, Item 3).

Using the research questions developed in Stage 2 and
considerations highlighted in Stage 3, afull plan of analysisfor
Germ Defence was devel oped to inform efficient and systematic
analysis after data collection. Applying the framework helped
us prioritize research questions most relevant for the focus of
the research (eg, how interventions are accessed and used “in
the wild") that would not be undermined by the constraints of
using optional self-report measures.

Applying the Framework for Post Hoc Analysis:
Internet Dr

Overview

The framework was used to develop an analysis plan for usage
data collected during an RCT of Internet Dr, a digital
intervention to support the self-care of respiratory tract
infections (RTIs) and to reduce unnecessary general practitioner
(GP) visits. The RCT showed that users with access to Internet
Dr werelesslikely to contact their GP about an RTI than those
without access [32]. The usage analyses for Internet Dr will be
conducted by researchers who were not involved in the original
design, development, and evaluation of the intervention. The
framework enabled the researchers to understand the
intervention and associated data collection and to construct
systematic research questions to investigate usage—for full
details of the Internet Dr intervention and evaluation trial, please
seelLittleet al [34].

Stage 1: Familiarization With Data

Internet Dr is structured around three components of
theoretically based content. Doctor’s Questions and Common
Questionsaim to support userswho are unsureif their symptoms
are serious and whether they are in need of medical treatment
(Stage 1, Items 1.2 and 3.2) [35]. Treatment Optionsisintended
toincrease sdlf-€fficacy for userswho wish to manage symptoms
they are finding distressing (Stage 1, Items 1.2 and 3.2) [36].
Applying Stage 1 aided understanding of how these three
components relate to the psychological theories underpinning
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the intervention and, thus, the proposed determinants of the
target behavior (ie, illness perception, health locus of control,
willingness to tolerate symptoms, and treatment preferences,
see Multimedia Appendix 4).

All content was available whenever users accessed the
intervention across a 24-week period in the winter (Stage 1,
Item 1.1). However, users were encouraged to log in specifically
during periods of illness to help manage their symptoms.
Completing the checklist emphasized the importance of
recognizing these two distinct purposes for accessing the
intervention: (1) to view content whileill and (2) to view content
when well, perhaps out of curiosity. These differences in
motivation to access the intervention when well or unwell may
also be reflected in differences in patterns of usage.

Stage 2, Section 1: Descriptions of Usage Variables

Given the theoretically based content of the three components
within theintervention, usage of each wasidentified asrelevant
to understanding underlying mechanisms of action (eg, number
of users, number of pages viewed, time spent, and number of
revisits) (see Multimedia Appendix 5). For the Doctor’s
Questions component, compulsory tunneled pages are
completed, leading to illness management advice on the last
page (Stage 1, Item 1.1). Therefore, users of this component
would, in theory, not benefit unless they had reached the final
page, so completion and dropout were identified as important
measures of usage for this component. It was also intended by
design that users would view Doctor’s Questions first (Stage
1, Item 1.2). Thus, analyzing the order in which users visited
the different components was important to understand whether
the intervention was used as intended, as well as how intended
versus nonintended order of usewasrelated to users perceptions
of their RTI, their perceived ability to self-manage, and whether
they contacted their GP. As differences in users' motivations
for accessing the intervention may lead to differencesin usage
patterns (Stage 1), measures of usage identified in this
component (eg, number of pages viewed and time spent) should
be described for three situations. usage when ill, usage when
well, and across all usage.

Stage 2, Sections 2 and 3: Relationships Between Usage,
Participant Characteristics, Target Behaviors, and
Behavioral Determinants

Considerationsfrom the previous sections hel ped form pertinent
research questions for the remaining two sections of Stage 2
(see Multimedia Appendix 5). For example, relationships
between viewing specific content and theoretical constructsand
behavioral determinants will be examined. As motivations for
use have been identified as potentially influential, associations
between reasons for accessing the intervention and patterns of
usage and/or personal characteristicswill be explored (Stage 2,
Item 2). In addition, we will examine whether users followed
the intended navigational paths and whether this was related to
visiting their GP (Stage 2, Item 3). Below are some example
research questions from the usage analysis plan:

1. Doesusage of Doctor’s Questionsdiffer when intervention
accessismadewhenill compared to when well (eg, starting
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the component, number of pages viewed, time spent, and
viewing the advice page)?

2. Are baseline personal characteristics associated with
intervention use when ill or not ill?

3. Isviewing content during illness associated with lower GP
visits?

Finally, we aim to identify whether viewing a specific piece or
amount of content at a certain time (eg, whenill) led to a user
being less likely to contact their GP.

Stage 3: Preparation for Analysis

SPSS for Windows version 24 (IBM Corp) and LifeGuide
Visualisation Tool (University of Southampton) [21,26] will
be used for data analysis (Stage 3, Item 2; see Multimedia
Appendix 6). Therewill be sufficient power to analyze average
usage of theintervention (eg, by whole sample) and associations
with behavioral determinants and target behavior. Subgroup
analysesare unlikely to be sufficiently powered (eg, comparing
usage and outcomes of users accessing content whenill versus
when prompted by compl etion of interim study measures). Some
of the identified patterns of usage include movement through
the intervention (Stage 3, Item 1) and will therefore be best
explored visualy (eg, the order in which the three content
componentswere accessed). The datasheets are compatible with
LifeGuide Visualisation Tool (University of Southampton).
However, data is spread across several datasheets, requiring
extraction, transformation, and amalgamation prior to analysis
(Stage 3, Item 3).

Through completion of the three stages of the framework (see
Multimedia Appendices 4-6), it was possible to break down a
complex digital intervention and devel op acomprehensive usage
analysis plan, which will help identify what type of usage was
successful in supporting self-management, for whom was it
most beneficial, and at what time it was most influential.

Comparing Case Studies

Both interventions target behavior associated with RTIs.
However, Germ Defence focuses on infection prevention and
may be accessed at any time, whereas Internet Dr supports
self-management of symptoms while infected with an RTI.
Despite the differences in their architecture, content, and
function, the framework was suitably generic to be applied to
both interventions. Although the same Stage 1 checklist was
applied to both interventions, it enabled two completely different
processes. for Germ Defence, Stage 1 helped shape structural
changes to the intervention and data capture processes; for
Internet Dr, Stage 1 enabled understanding of a previously
unfamiliar and complex intervention and the accompanying
datasheets (see Multimedia Appendix 4). Despite these different
requirements, the checklist was comprehensive enough to fulfill
both needs and lead to greater insights, such asrealizing that a
key component of Germ Defence (ie, the goal-setting
component) was not capturing data as required, and
understanding that Internet Dr was designed to be used during
illness, but could be accessed at any time. Completing thisfirst
stage was the most complex and time consuming of the three
stages for both interventions. However, through the thorough
understanding of the intervention gained from Stage 1, the
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subsequent stages were easier to complete as the information
was readily available to fit the generic questions. For example,
having identified the theoretical underpinning of the three
components of Internet Dr, their rel ated measures of behavioral
determinants, and expected relationship to GP contact,
generating research questions to examine how usage related to
changes in behavior and behavioral determinants was both
simple and quick.

Through completing the checklist for Stage 2, Section 1, it is
apparent that operationalizing usage in terms of amount was
valid for both interventions (eg, number of log-ins, number of
pages viewed, and time spent on pages, see Multimedia
Appendix 5). This suggests that describing the extent to which
an intervention has been used is a necessary first step for
examining usage and that the number of pages viewed and time
spent on them may inform our understanding of different styles
of engagement. For example, spending more time on or
revisiting pages may beindicative of higher levelsof interaction
compared to viewing pages briefly. However, as previously
discussed, focusing on broad-based, summative descriptions of
usage alone may not be sufficient to understand how the
intervention supported changein target behaviors and outcomes.
For example, distinguishing and comparing usage of the three
theoretically based content components of Internet Dr will aid
understanding of the potential mechanisms of action within the
intervention.

The differences in research questions generated from Stage 2
highlight the differences in structure between the two
interventions. Germ Defence is a stand-alone intervention
requiring access only once, with an optional follow-up survey.
Once completed, the datagenerated from using theintervention
will provide a snapshot of behavior at that time. On that basis,
research questions focus on user characteristics and behavioral
determinates and target behavior at baseline (see Multimedia
Appendix 5). In contrast, in addition to self-report and log data
over a 6-month period, Internet Dr users' GP notes providing
information for the year before and after the trial commenced
were also collected. This depth and length of duration of data
collection enables different research questions, including
consideration of behavior prior tothetrial and for some months
after.

Stage 2 of the framework highlighted the rel evance of examining
patterns of usage (eg, movement through the intervention) and
subgroups usage anayses. As both interventions have
insufficient power to analyze subgroup usage, and patterns of
usage lend themselves to visual exploration (see Multimedia
Appendix 6), this supportsthe use of contemporary visualization
tools in addition to traditional statistical methods.

Both interventions include research questions examining
rel ationships between participant characteristics and usage and
whether any of those characteristics moderate the relationship
between usage and target behavior. Through comparison of
these similar analyses across multiple interventions, it will
become possible to build up a pattern of how personal
characteristics may influence digital intervention usage, leading
to generic learning points to inform future intervention design.
This may also be the case for usage analyses of interventions
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with similar aims (eg, self-management of illness) or similar
theoretical underpinning, behavioral determinants, or BCTs.
Once a body of research is assembled, it would be possible to
use the framework in advance to structure data capture and
analysis so that it is comparable with prior interventions and
published research.

Discussion

Overview

The AMUSED framework aims to support detailed and
systematic analysisof digital intervention usage. The framework
comprises three stages of checklists for researchers to do the
following: (1) understand the intervention’s design, theoretical
underpinning, and data collection processes, (2) define
meaningful variables to assess usage and generate both broad
and fine-grained research questions to examine relationships
between usage, participant characteristics, and target behavior
and behavioral determinants; and (3) prepare datasheets and
consider appropriate software for analysis.

The framework has been applied to two digital interventions:
Germ Defence promotes RTI prevention and Internet Dr
supports  self-management of RTI symptoms. Using the
framework while preparing Germ Defence for public
dissemination identified necessary amendmentsto data capture
processes. For Internet Dr, the framework helped guide a
research team who were previously unfamiliar with the
intervention design and data to devise a comprehensive usage
analysis plan. The case studies demonstrate the flexibility of
the framework to be applied to different interventions and the
advantages of using the framework, both before and after data
collection.

Implications

The AMUSED framework checklists provide researchers with
easily applied templatesfor carrying out detailed usage analyses
of digital interventions. The framework supports the level of
rigor in reporting digital intervention content and findingscalled
for by current guidelines from the UK Medical Research
Council, the Consolidated Standards of Reporting Trias of
Electronic and Mobile HEalth Applications and onLine
TeleHealth (CONSORT-EHEALTH), and the Template for
Intervention Description and Replication (TIDieR)
[22,23,27,37]. The checklists extend upon and draw together
previous work on categorizing digital intervention usage data
and selecting research questions [19-21,24,25] by providing a
systematic and comprehensive processfor researchersto follow.
The process can beincorporated into existing digital intervention
development methods, such as the person-based approach [14]
and the behavioral intervention technology model [15], enabling
pretesting of data capture processes to support theory-based
hypothesis testing.

The framework encourages usage analyses that will broaden
our understanding of mechanisms of action underlying a specific
digital intervention, explaining the relationships between user
characterigtics, patterns of usage, and behavior change. Through
thisprocess, it may be possibleto identify effective engagement,
finding the level of usage necessary for a specific intervention
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in order to change the target behavior [11]. This will lead to
digital interventions being developed to be more concise,
efficient, and targeted, making them less arduous for the user
and supporting higher rates of uptake and engagement.

Limitations

Theframework has been devel oped and tested using Web-based
interventions built using the same software [33] that captures
extensive log data and has the ability for researchers to write
additional codein order to capture tail or-made usage measures.
Digital interventions may be delivered across awide variety of
platforms (eg, text messaging, apps, and websites) and
developed using different software. This leads to substantial
variation in design, the manner in which they are written or
coded, and the availability and format of data collected. The
framework is flexible enough to be applied across diverse
interventions and sufficiently detailed to generate specific
testable hypothesesfor most digital interventions. However, we
wel come other researchersto use the framework and build upon
it based on their experience.

The AMUSED framework focuses on the analysis of measures
of usage asonefacet of engagement. Where objective measures
of physiological reactions (eg, cardiac activity and eyetracking)
or subjective self-report measures of engagement are available,
it is hoped that future research may examine these alongside
usage data and develop the framework further to incorporate
them, thereby increasing our ability to explain not just therole
of usage, but engagement more broadly [6]. It is aso our hope
that the framework will be applied as part of a mixed-methods
approach, triangulating usage analyses with insights and
experiences collected qualitatively [6,8,10].

The framework has been applied to ensure adequate data
collection when used during the development phase of digital
interventions. However, the framework also has the potential
to be used to inform study design to answer empirical questions
on effective engagement; for exampl e, multi phase optimization
strategy (MOST) and sequential multiple assignment
randomized trial (SMART) [38]. Although this paper does not
addressthisapplication, it provides an avenuefor futureresearch
for the wider application of the framework.

Conclusions

The AMUSED framework offers a systematic process for
carrying out in-depth usage analyses. The aim of the framework
isto capture and formalize the techniques used by experienced
researchers to support researchers who are new to conducting
usage analyses, or new to a particular intervention, in deciding
how to assess usage data that will be or has been collected.
Using the framework will benefit researchers by lowering the
possibility of overlooking key questions and making the
reporting of usage analyses more efficient, leading to a quicker
turnaround for publishing. The checklists provide the meansto
increase transparency and make findings easier to replicate,
while discouraging unsystematic data dredging. The process
will also encourage greater detail and consistency in the
reporting of usage and engagement, making it easier to apply
the findings to a wider context [7] and enabling comparison
across different interventions and evaluation studies. The
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framework helps to operationalize and measure usage in ways
that will better inform our understanding of engagement with
adigital intervention, encompassing broad measures of usage
by the whole sample, through to specific theory-based usage
variables and usage by subgroups based on personad
characteristics. It guides insight into which components of an
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intervention worked and how they interacted with users
personal characteristics. Finally, by using theframework it may
be possible to identify the extent of usage required to support
changes in behavior and health-related outcomes and, thus, an
understanding of what constitutes an effective level of
engagement for specific interventions.
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Background: Support for guiding and monitoring postoperative recovery and resumption of activitiesis usually not provided
to patients after discharge from the hospital. Therefore, a perioperative electronic health (eHealth) intervention (“ikherstel”
intervention or “1 recover” intervention) was devel oped to empower gynecological patients during the perioperative period. This
eHealth intervention requires a need for further development for patients who will undergo various types of general surgical and
gynecological procedures.

Objective: This study aimed to further develop the “ikherstel” eHealth intervention using Intervention Mapping (IM) to fit a
broader patient population.

Methods: The IM protocol was used to guide further development of the “ikherstel” intervention. First, patients’ needs were
identified using (1) theinformation of a process evaluation of the earlier performed “ikherstel” study, (2) areview of theliterature,
(3) asurvey study, and (4) focus group discussions (FGDs) among stakeholders. Next, program outcomes and change objectives
were defined. Third, behavior change theories and practical tools were selected for the intervention program. Finally, an
implementation and eval uation plan was devel oped.

Results. Theoutcomefor an eHealth intervention tool for patients recovering from abdominal general surgical and gynecological
procedures was redefined as “achieving earlier recovery including return to normal activities and work.” The Attitude-Social
I nfluence-Self-Efficacy model was used as atheoretical framework to transform persona and external determinantsinto change
objectives of personal behavior. The knowledge gathered by needs assessment and using the theoretical framework in the
preparatory steps of the IM protocol resulted in additional tools. A mobile app, an activity tracker, and an electronic consultation
(eConsult) will beincorporated in the further developed eHealth intervention. Thisintervention will be evaluated in amulticenter,
single-blinded randomized controlled trial with 18 departmentsin 11 participating hospitals in the Netherlands.

Conclusions: The intervention is extended to patients undergoing general surgical procedures and for malignant indications.
New intervention tools such as a mobile app, an activity tracker, and an eConsult were devel oped.

Trial Registration: Netherlands Trial Registry NTR5686; http://www.trialregister.nl/trial reg/admin/rctview.asp?TC=5686

(J Med Internet Res 2019;21(2):€9938) doi:10.2196/jmir.9938

KEYWORDS

intervention mapping; eHealth; return to normal activities; return to work; patient reported outcome measures; colectomy;
hysterectomy

motivate patients, and turn them into more active and effective
managers of their own health [15-17]. A recovery-oriented
eHealth intervention (“ikherstel” intervention or “I recover”
intervention) has already proven to be effective with asignificant
faster RTW after benign gynecological surgical procedures|18].
This care program requires a need for further development to
fit a broader population of patients who will undergo various

Introduction

Background

The length of in-hospital stay after general surgical and
gynecological procedures has decreased significantly due to a
growing trend in day-care surgery, introduction of minimal

invasive techniques, and enhanced recovery after surgery
programs (ERAS) [1-3]. Due to this shortening of in-hospital
stay, perioperative in-hospital care has been reduced and the
greater part of the recovery period takes place at home [4,5].
As a result, guiding and monitoring of resumption of normal
activities (RNA) including return to work (RTW) and long-term
recovery are now transferred to primary care [6]. However,
frequently no or conflicting adviceisgiven, resulting in patients
being unsure whom to contact for support in case of complaints.
Patients often lack the knowledge themsel ves to determine how
and when to resume activities [7-10]. As a consequence, full
recovery after surgery takes much longer than expected despite
improved surgical treatment. A longer recovery at home could
result in diminished general and mental health, higher medical
consumption, lower quality of life, and longer sick leave period
[10-13].

Electronic health (eHealth) can be a suitable tool to optimize
the quality of perioperative care of patients who will undergo
genera surgical and gynecological procedures. eHealth can
provide tailored  information, increase  patients
self-management, and has interactive communication features
[14]. Furthermore, it has the potential to empower patients, to

https://www.jmir.org/2019/2/e9938/

types of general surgical and gynecological procedures.
Objectives

In this paper, the further development with corresponding
process of this “ikherstel” intervention is described [19]. The
objective of the eHealth intervention development includes to
further optimize (1) empowerment of general surgical and
gynecological patients during the perioperative period to RNA
and RTW and (2) partial substitution of perioperative care with
eHealth. For this, the Intervention Mapping (IM) protocol is
used, which is a suitable systematic and scientifically accepted
method for the (further) development and implementation of a
wide range of eHealth and RTW interventions. This method is
based on theory and stakeholders (including patients’)
involvement [20,21].

Methods

Overview

The IM protocol for the further development of the “ikherstel”
intervention consists of 6 steps (see Figure 1): (1) forming a
logic model of the problem; (2) defining program outcomes and
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objectives; (3) designing the eHealth program; (4) producing
the eHealth program; (5) devel oping a program implementation
plan; and (6) making an evaluation plan [20,21].

In the previous “ikherstel” study, only women were included
as the intervention was only available for patients undergoing
gynecological abdominal procedures. In this study, men will
also beincluded because thetarget popul ation includes patients
undergoing general surgical procedures. Currently, the most
performed general surgical abdominal procedures in elective
setting in the Netherlands are herniainguinal repair (with 28,232
procedures per year), cholecystectomy (25,203 procedures),
and colectomy (14,012 procedures) [22]. Patients undergoing
these surgical procedures are chosen as part of the target
population, next to those patients undergoing gynecological
procedures including hysterectomy and adnexal surgery asthe
other part of the target population. This way, a broad patient
population of general surgical and gynecological patients can
be achieved [18,19,23,24]. The study population is divided in
(1) the minor abdominal general surgical and gynecological
procedures group, which consists of laparoscopic
cholecystectomy and adnexal surgery and laparoscopic or open
hernia inguina repair and (2) the major abdominal general
surgical and gynecological procedures group, which consists
of laparoscopic or open colectomy and hysterectomy.

Figure 1. Intervention mapping steps.

den Bakker et al

In the first 3 preparatory steps of further development, the
process is described, starting from, and based on, the original
developed “ikherstel” intervention [19]. This original
intervention is extended, optimized, and made applicableto the
broader target population. In thelast 3 steps of the intervention
development, the implementation and evaluation plan is
described for only the major abdominal general surgical and
gynecological procedures group, because the protocol of the
randomized controlled trial (RCT) of the minor abdominal
procedures is already published elsewhere [25].

Step 1: Logic Model of the Problem

First, a planning group was composed to work with during the
whole IM process. Next, a multifactoria patients needs
assessment was conducted which included (1) a process
evaluation of the earlier performed “ikherstel” study, (2) a
review of theliterature, (3) asurvey study, and (4) focus group
discussion (FGDs). Findings from the needs assessment were
then compiled into a PRECEDE-PROCEED model
(predisposing, reinforcing, and enabling constructs in
educational diagnosis and evaluation-policy, regulatory, and
organizational constructs in educational and environmental
devel opment) to identify the factorsthe program should address
to help improve full recovery including RNA and RTW after
surgery a home for abdominal general surgical and
gynecological patients in the Netherlands.

E—

Establish and work with a planning group

Formulate the target study population

Conduct a needs assessment to create a logic model of
the problem

Describe the context for the intervention including the
population, setting and community

State program goals

State expected outcomes for behavior and environment
Specify perfformance objectives for behavioral and
environmental outcomes

Specify determinants for behavioral and environmental
outcomes

Create matrices of change objectives

Create a logic model of change

Step 1

Logic Model of the

Prablem

Step 2

Program Outcomes and

Objectives — Logic

Maodel of Change

Step 3

Program Design
Evaluation

Generate program themes, components, scope and
sequence

Choose theory- and evidence-based change methods
Select or design practical applications to deliver change
methods

Step 4
Pragram production

Refine program structure and organization

Review and adjust available materials of the earlier
ikherstel-intervention

Prepare plans for program materials

Draft messages, materials and protocols

Pretest, refine, and produce materials

Step 5
Program Implementation
Plan

Identify potential program users (adopters, implementers,
and maintainers)

State outcomes and performance objectives for program
use

Construct matrices of change objectives for program use
Design implementation interventions

Step 6
Evaluation

<—— Implementation

Write effect and process evaluation questions
Develop indicators and measures for assessment
Specify the evaluation design

Complete the evaluation plan
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Process Evaluation

A process eva uation was performed on the previous“ikherstel”
intervention to gain more insights into the facilitators and
barriers for the acceptance and implementation of this
intervention [26]. These results were used for the further
development of the new “ikherstel” intervention. We evaluated
how the eHealth intervention was delivered to and received by
participants and how participants and health care professionals
had appreciated the intervention.

Review of the Literature

A systematic review was performed to evaluate the effect of
perioperative eHealth interventions on the postoperative course
of any surgical procedure [27]. This review provides us
important and general information about effective aspects of
eHealth interventionsfor the further development of our eHealth
intervention.

Furthermore, a literature search was performed to further
investigate and gather more information about the average
duration of full recovery including RNA and RTW after
abdominal surgical proceduresincluding factorsthat affect this
duration. The literature search of the IM procedure of the
previous “ikherstel” intervention was used and broadened to
identify behavioral and environmental conditions of prolonged
sick leave and delayed RTW among gynecological patients[19].
The search was executed in PubMed with the key words
“abdominal surger*” and “recover*” or “rehabilitation” or
“return to normal activit*” to select articles describing additional
factors for delayed RNA in general surgical patients. This also
included asearch for behavioral and environmental explanations
for delayed full recovery.

Survey Study

A survey study was performed to explore specific needsin the
target population regarding the “ikherstel” intervention. Patients
who underwent surgery (minor and major abdominal general
surgical or gynecological procedures) between August 2013
and August 2014 in the VU University medical center (located
in Amsterdam) received aquestionnaire. Thissurvey study was
performed to (1) evaluate shortcomings in information and
guidance supplied to patients in current perioperative care for
patients undergoing general surgica and gynecological
procedures, (2) investigate whether eHealth may be of assistance
in this, and (3) to identify gender-specific needs [28]. On the
basis of theseresults, the previous“ikherstel” intervention could
be further adapted to this population.

Focus Group Discussions

Intotal, 4 FGDswere performed to gather patients’ experiences
with recovery after (multimodal) cancer treatment and to identify
particular needs during the various phases of cancer treatment.
The second objective was to evaluate possible solutions for
unmet needs by the introduction of eHealth. By gathering this
information, the intervention can be adjusted in such away that
it is also applicable to patients undergoing surgery due to a
malignant indication. Colon cancer patientswere recruited from
patient files of 2 Dutch teaching hospitals: Meander Medical
Center (located in Amersfoort) and Spaarne Gasthuis hospital
(located in Hoofddorp and in Haarlem). Endometrial cancer

https://www.jmir.org/2019/2/e9938/
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patients were recruited from the patient files of 3 teaching
hospitals: VU University medical center (located in Amsterdam),
Antoni van Leeuwenhoek hospital (located in Amsterdam), and
the Flevo Hospital (located in Almere).

Step 2: Program Outcomes and Objectives-L ogic
Modée of Change

In the second step, the program outcomes and objectives were
developed. Performance objectives were specified to describe
in detail the patients’ behavioral and environmental outcomes
that were considered necessary to reach full recovery after
surgery. Determinants for these behavioral and environmental
outcomes were selected, and by crossing the performance
objectives with these determinants (constructing matrices), the
change objectiveswereidentified. These matrices were used to
identify behaviors and conditions that result in a sustainable
full recovery. This step aimed to determine whether performance
objectives, behavioral determinants, and change objectives of
the earlier “ikherstel” intervention needed to be modified to
better fit the broader target population. A selection of the
performance objectives of the IM article of Vonk Noordegraaf
et a wasfurther supplemented with new performance objectives
based on the findings of the needs assessment and the literature
on behavior change[19].

Step 3: Program Design

In the third step, program themes, components, scope, and
sequence were specified and theory- and evidence-based change
methods were searched in PubMed and applied based on the
findings in the first 2 steps. Theory-based methods for change
are general techniques or processes that have been shown to
enable change in one or more determinants of behavior and
have their origins in behavioral and socia science theories
[20,29]. Choosing the theory- and evidence-based change
methods and selecting or designing practical applications to
deliver change methods was done by the planning group and
guided by the formulated performance and change objectives
in the second step of the IM protocol and were also based on
the performance and change obj ectives as described in the earlier
performed “ikherstel” study [19].

Step 4: Program Production

In the fourth step, the program structure was refined and
organization was planned. All gathered information from the
previous steps was synthesized and translated into plans for
drafting program materials, that is, tailored tools and information
to empower major abdominal general surgical and gynecological
patients by an innovative eHealth care program. Participants of
the FGDs in step 1 and health care professionals (surgeons,
gynecologists, and residents in training) outside the project
group pretested the different aspects of our eHealth intervention,
whereby possible bugs and shortcomings were identified,
refined, and adjusted.

Step 5: Program Implementation Plan

In the fifth step, potential program users were reidentified in
line with the broadening of the patient population and the
consequences for the implementation and acceptance of the
eHealth intervention. With thisinformation, an implementation
plan to enable an extensive evaluation of the intervention was
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developed including a plan to identify and inform the health
care professionals and researchersin the participating hospitals
about the different core components of the intervention.
Furthermore, details about optimal delivery of the intervention
wereincorporated herein. Hospital sthat participated in previous
“ikherstel” studies gavetheir approval to participate again. Other
hospitals were recruited by the PhD candidates. The planning
of the adoption and implementation of the intervention was
established.

Step 6: Evaluation

In the sixth step, an evaluation plan of the intervention was
developed, which involves determining whether behavior
outcomes change as aresult of the adjusted eHealth intervention.
For thisevaluation, an RCT was designed to measure the effects
of the eHealth intervention on RNA and RTW for patients
undergoing major abdominal general surgical and gynecol ogical
procedures. This study was approved by the Medical Ethics
Committee of the VU University medical center under
registration number 2014.301. This study was also registered
at the Netherlands Trial Registry under registration number
NTR5686.

Results

Step 1. Logic Model of the Problem

The planning group (development team) consisted of 2 PhD
candidates, 2 occupational health physicians, 3 surgeons, and
1 gynecologist. This multidisciplinary planning group was
established to further develop the intervention by applying the
various steps of the IM process. The members were selected to
represent various fields of expertise required for the design of
theintervention.

Process Evaluation

In the earlier performed “ikherstel” study, 210 patients were
included, of which 110 patients were alocated to the
intervention group. Theimplementation score of theintervention
was 80%. All patients were given access to the “ikherstel”
intervention and 86.4% made a convalescence plan. Reasons
for not making or not adhering to the convalescence plan include
patients (1) preferred to resume activities when they felt ready
for it, (2) found the convalescence plan too optimistic or too
conservative, (3) felt pushed by the conval escence plan, and (4)
felt that the plan did not apply to their personal situation.

The eHealth intervention was perceived effective by 74% of
patients, and 76% of involved gynecol ogistswere satisfied with
the Web portal. In total, 95% of the health care professionals
would offer the intervention to their patientsin the future, and
85.3% of patients would recommend the “ikherstel” eHealth
program to afriend.

Required access to internet, the inflexibility of the eHealth
intervention in case of complications for patients, and an
increased time investment for gynecologists were rated as
possible future usage barriers. Suggestions for improvement
included an extra section with experiences of other women. All
results of the process evaluation are published in detail
elsawhere [26].
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Review of the Literature

The systematic review included 27 studies that focused on
replacing or complementing perioperative usual care with some
form of care via information and communication technology
(ICT) such astelemonitoring, telerehabilitation, teleconsultation,
or an educationa or supportive website in various types of
surgery. Of these studies, 92% reported at least an equal or
positive effect of the eHealth intervention compared with usual
care on patient-related outcomes. The results show that eHealth
or other forms of ICT and tel ehealth improve clinical outcomes,
knowledge, and satisfaction of patients undergoing various
forms of surgery. Furthermore, eHealth improves RTW and
daily functioning after surgery. Positive influencing factors on
these patient-related outcomes were (1) easy access to the
intervention, (2) expectation management, and (3) a combined
symptom monitoring by blended care [27].

The literature search in the IM protocol article of Vonk
Noordegraaf et a identified that pain and discomfort, feelings
of fear, and infections were delaying factors for RTW [19]. In
addition, literature showed that the substantial variation in
convalescence recommendations given by hedth care
professionals were also of influence on the total duration of
sickness absence[9,30]. In the broadened search, awide variety
in convalescence duration after minor general surgical
procedures (eg, cholecystectomy and hernia inguinal repairs)
was observed [31,32]. For major abdominal procedures, limited
research was available to analyze the time of full recovery
including RNA (and RTW) [33-36]. However, literature does
show that the total duration of convalescence was longer than
expected despite the implementation of minima invasive
techniques and ERAS programs applied by major abdominal
procedures [1,37,38]. Duration of convalescence depends on
pain, complications, or fear of recurrence (in case of cancer of
hernia inguinal repairs) [39-41]. Preoperative expectations of
convalescence, size of the incision, and fatigue were important
contributory factors to explain actual convalescence [39-42].
Furthermore, patientswho were physically active after colorectal
surgery were more likely to recover faster [43].

Survey Study

In total, 57.2% (207/362) potential participants completed the
survey. Mean age of participants was 46.6 years and almost
30% were male. For 87.4% participants, the indication for
surgery was benign with an equal distribution between general
surgical and gynecological procedures.

A reported shortcoming related to information and guidance
provision was the lack of detailed advice about the resumption
of activities following surgery. Many participants reported
receiving inconsistent recommendations from medical
specialists, general practitioners, and occupational physicians.
Limited guidance from professionals during the recovery process
was al so mentioned as a shortcoming by 40% of the participants.
Some participants preferred to receive moreinformation or more
emotional and mental support after their surgical procedure. A
perceived lack of information or support resulted in more
nervousness before surgery or insecurity after surgery.
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eHealth was expected to be avery useful tool to overcomethese
above-mentioned shortcomings. If an eHealth intervention had
been available before or after their surgical procedure, 71% of
the participants reported they would have used it. Most popul ar
rated items of a future eHealth care program were a page
containing an overview of important telephone numbers, alist
with frequently asked questions, and the possibility to
self-evaluate symptoms after surgery. Furthermore, the option
of an electronic consultation (eConsult) was rated useful by
57.6%, and almost half of the participants preferred to use the
“ikherstel” intervention al so viaamobile phone app. The option
to give an employer or an occupational physician accessto parts
of the website and the option of a patient forum were not rated
useful. Limited gender differencesin preferenceswereidentified
in this survey. Women showed a dlightly higher need for
information and preferred some extraeHealth support. Thetotal
results of the survey study are published elsewhere [28].

Focus Group Discussions

For this study, 40% (30/75) potential participants were willing
and available to participate in the colon cancer FGDs. For the
endometrial cancer FGDs, 35% (17/48) potential participants
were willing to participate. A total of 22 patients actualy
participated in the colon cancer FGDs and 12 in the endometrial
cancer FGDs. Most frequently reported unmet needs in the
perioperative phase of colon cancer patients were an absence
of tailored, dosed, and understandable information and advice
regarding RNA. Colon cancer patients who had finished the
adjuvant chemotherapy phase would have liked to receive more
information about side effects, more mental support, and a
longer aftercare period. Endometrial cancer patients evaluated
the received information and guidance as very well. This was
mainly due to very good guidance from the gynecologist and
physician assistant. The participants without adjuvant treatment
reported that they would like to have more recommendations
regarding resuming normal activities, and they saw arole for
eHealth to support this. However, patients who had adjuvant
treatment rated the nurses’ guidance as sufficient and needed
no additional support.

Colon cancer patients treated with multimodal treatment and
endometrial cancer patients who did not receive any adjuvant
treatment reported that eHealth services could be supportive
but not a substitute of personal interaction with health care
professionals. There was a preference for a Web-based health
care system that isreadily available 24/7 in the form of blended
care. As there is already a lot of information on the internet
about cancer diagnoses and treatment, it was sometimes hard
for participants to differentiate which information is correct.
Recommendation of the tool by their own hedth care
professional would enhance perception of safety and, therefore,
increase usage. In contrast, endometrial cancer patients who
received adjuvant treatment did not see an added value for
eHeadlth. This difference might be explained by the age
differencein these patient groups. Results of the FGDs will be
reported in more detail as separate papers.

On the basis of the results of this needs assessment, the overall
desired outcome for further development of the “ikherstel”
intervention tool was defined as “achieving earlier recovery
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including RNA and RTW.” Furthermore, the findings from the
needs assessment were compiled into a PRECEDE-PROCEED
model to identify patients’ problemsand needsin perioperative
surgical careinwhich eHealth and mobile health (mHealth) can
have a (complementary) role and are defined as:

- A lack of clear and simple instructions for the
RNA-including work;

- Inconsistent recommendations from different health care
providers;

- A lack of information about surgical procedures and the
perioperative course, symptoms, and complications;

- Limited mental support in case of patientswith amalignant
indication;

- Delayed and limited mobilization interventions to realize
earlier RNA and RTW; and

- Noor limited interaction with their health care professional
during postoperative course.

Step 2: Program Outcomes and Objectives-L ogic
Modée of Change

In the previous “ikherstel” intervention, the following overall
objectives were formulated. After the needs assessment, these
objectiveswere adjusted to align to patients’ problems and needs
asidentified under step 1.

«  Toenhancerecovery by giving clear and simpleinstructions
for the RNA;

«  Tostopinconsistent recommendations from different health
care providers;

« To take away the insecurity with respect to postoperative
course, symptoms, and complications.

The following overall objectives were added to the existing
objectives after the needs assessment in step 1.

« To provide extra attention and mental support in case of
patients with a malignant indication,

« To encourage patients to a quicker and more intense
mobilization and earlier RNA, and

« Tolet patients have more interaction with their health care
professional viaaweb portal.

Specified performance objectives for the further devel opment
of the “ikherstel” intervention are presented in Multimedia
Appendix 1. To create a matrix of performance objectives, the
main personal and external determinants of behavior change
for each performance objective were operationalized. The
Attitude-Socia Influence-Self-Efficacy model was used in the
IM procedure of the earlier “ikherstel” intervention and was
used for the further development of this intervention as well
[19]. Thismodel was still considered by the planning group as
the most suitable model for recovery and behavior change and,
thereby, used to form change objectives[44-49]. Skills, barriers,
and facilitators were considered relevant factors for RNA
[50,51]. In Multimedia Appendix 2, an example of the
performance objective “ mobilize quickly and moreintense after
operation” is presented.

Step 3: Program Design

The same practical methods and suitable strategiesasinthe IM
article of Vonk Noordegraaf et al were used for the further

JMed Internet Res 2019 | vol. 21 | iss. 2 | €9938 | p.71
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

development of tools and materials of the “ikherstel”
intervention as the methods and strategies used in this
intervention already had been proven effective [19,52]. For
example, self-monitoring of behavior (awareness) and getting
direct feedback will be used to stimulate patients to mobilize
quickly and more intensively. An activity tracker will be used
in the “ikherstel” intervention to encourage this. Multimedia
Appendix 3 presents more examples of these methods with
preconditions and final tool/materials of the eHealth
intervention.

Step 4: Program Production

The knowledge gathered in the first 3 steps was discussed by
the planning group at several meetings to add various
appropriate tools to the existing “ikherstel” intervention. A
designer/developer specialized in eHedth and mHedth
interventions was consulted during some of the meetings. In
addition, experienced surgeons, gynecologists, and residentsin
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training outside the planning group were consulted to judge the
medical content of the tools. The words “ikherstel.nl” in the
internet address of the eHealth intervention means “I am
recovering.” The mobile app was made available for iOS and
Android mobile phones and tablets. The design of the further
developed “ikherstel” intervention for patients undergoing major
abdominal surgical and gynecological procedures (thisincludes
open or laparoscopic colectomy and open or laparoscopic
hysterectomy) is described below. In Table 1, an overview of
all tools of the developed eHealth intervention is presented.

Adaptation of Existing “ikherstel” Intervention Tools

Website

Thewebsite aimsto prepare patientsin the best possible manner
for their surgery and to offer guidance during their recovery
process until full recovery and resumption of al activities are
achieved. The following tools on the website support this.

Table 1. Component of the “ikherstel” intervention regarding each target population.

Tool Content Target population
Website
Information by text and animations ~ Enhancing patient preparation including creating expectations All participants
about the surgical procedure
Personalized conval escence plan Enhancing patient preparation including creating expectations All participants
Recovery monitor and recovery report - Monitoring recovery and offering assistance when relevant All participants
Video Increasing theinformation provision by using several waysto provide All participants
this
Glossary Increasing theinformation provision by using several waysto provide All participants
this
Frequently asked questions Increasing theinformation provision by using several waysto provide All participants
this
Electronic consultation Increasing access to care and reducing patient uncertainties and fear  All participants

related to the recovery process and workload

Information about malignancies
mation provision

Information about chemotherapy and

side effects mation provision

Links for supportive care needs

M obile app

Information by text
anxiety

Insight into the convalescence plan

Recovery monitor and recovery report

Reducing anxiety and uncertainty and increasing the amount of infor-

Reducing anxiety and uncertainty and increasing the amount of infor-

Creating long-term support to reduce anxiety and uncertainty

Enhancing patient involvement and recovery expectations and reducing

Cresting recovery expectations and improving recovery

Reducing uncertainties and fear related to the recovery process and

All participants with malignant
disease
All participants with malignant
disease
All participants with malignant
disease

All participantswith asmartphone

All participantswith asmartphone

All participantswith asmartphone

improving monitoring and transition of postoperative care

Creating a packing list
Section to make notes
hospital stay

Activity tracker

Monitoring and giving feedback on

recovery may improve recovery

Increasing better patient preparation before admission

Increasing better patient preparation before admission and during in-

Reducing uncertainties and fear related to the recovery process, which

All participantswith asmartphone

All participantswith asmartphone

All participants with a suitable
smartphone for the activity tracker
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Making a Personalized Convalescence Plan

A personalized and tailored convalescence plan, including
advice about resumption of (work) activities is the most
important tool on the website. The specific tailored
convalescence recommendations were developed for relevant
types of abdominal surgical procedures by using a modified
Delphi procedure [53,54]. On the website, information will be
tailored for each patient, offering the opportunity to enhance
patient involvement. This is possible as some data are aready
prefilled when patients receive their website account (eg,
surgical procedure, sex, and hospital). This tool will enhance
recovery by giving clear and simple instructions for the RNA
and will stop inconsistent recommendations from different
health care providers.

Providing I nformation About the Surgical Procedure and
Recovery Process

Information per treatment phase (preoperative, perioperative,
and postoperative) will be provided by text and images. These
serviceswill contribute perioperative to the patients’ awareness
and expectations; both factors have proven to be important
predictors of the length of recovery. Information will also have
apositive effect on anxiety and satisfaction because the patients
can prepare themselves better for the surgery. Postoperative
information will be offered about the recovery period and
common postoperative complaints. This could support patients
during this period and may help them with feelings of insecurity.
In addition, practical advice about when, how, and whom to
contact in case of complaintswill be provided. Patients will be
helped in deciding whether to contact a health care professional
in case of complaints or complications during their recovery.
Frequently asked questionswill be added aswell and these were
formulated based on main topics in patients' brochures and
Web-based patient discussion forums. Thistool will take away
the insecurity with respect to the postoperative course,
symptoms, and complications.

Getting Feedback on Recovery by a Recovery Monitor and
Recovery Report

The recovery monitor and report are tools to identify recovery
problems and give patients feedback on their recovery progress.
Patientswill be asked to indicate in arecovery monitor to what
extent they have resumed their activities, which will be
subsequently graphically displayed in arecovery report allowing
themto track their progress. It al'so aimsto improve monitoring
and transition of postoperative care. After the patient has given
consent, the Web portal can be accessed by a hedth care
professional in secondary care to monitor patients recovery
and, thus, identify recovery problems.

Developing the Materials and Tools of the Revised
“ikherstel” Intervention

Providing I nformation on the Website

For patients who will receive adjuvant chemotherapy,
information about this treatment, including side effects, is
provided on the website. This will provide extra attention and
mental support in case of patients with a malignant indication.
Videos are also added on the website. Videos are considered
the most appropriate medium to deliver an informative message
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to patients because of the influence of modeling behavior on
attitude [55]. Videos about the admission day, the surgical
procedures, receiving and managing a permanent or definitive
stoma, the postoperative period, and a simulation of patients
and employersto discuss potential RTW problems are provided.

Postoperative Consult by Electronic Consultation

In case of recovery problems, patients have the option to ask
guestions to a health care professional from their own hospital
by means of an eConsult via the website. Patients will be
informed that eConsults are only suitable for nonurgent
guestions and that these questions will be answered within 2
working days. In case of urgent questions, they receive aphone
number for direct contact. The hypothesis is that patients will
be more comfortable and less hampered in resuming their
activities with the opportunity to ask questions whenever they
prefer. This tool will let patients have more interaction with
their health care professional viaaWeb portal.

M obile Phone App (Mobile Health)

All information which is available on the website is also
available on the mobile phone app (“ikherstel” app), which will
be synchronized with the website. This includes among others
the convalescence plan that patients created on the website. A
section to make notes and the option to compose a list of what
to pack when being admitted to the hospital will also be
available on the app. If patients do not have a smartphone, they
will only use the website. This tool will enhance recovery by
giving clear and simple instructions for the RNA and will stop
inconsistent recommendations from different health care
providers (see Multimedia Appendix 4).

Activity Tracker

An activity tracker that measures the daily step count can be
linked to the “ikherstel” application for patients with a
smartphone. This tracker will be used as a support tool for
patients to monitor and to give feedback on their recovery. The
average daily step count in the week before surgery will be set
astheir baseline measurement and, thereby, target postoperative
activity level. The daily step count will be postoperative
graphically displayed in the app as a percentage of their target
activity level, including atarget level the patient is expected to
reach. Patients will be asked to wear the activity tracker in the
first 4 weeks after surgery, and again after 8 weeks as the
hypothesis is that baseline activity level should be reached in
this week. This tool will encourage patients to a quicker and
more intense mobilization and earlier RNA.

Pretest of Materials

In total, 10 patients and a representative sample of health care
professionals evaluated the demo version of the eHealth
“ikherstel” intervention. Patients got 3 weeks to test the
intervention before they were interviewed by the researcher.
Semistructured interviews were conducted with patients who
also had participated in the FGDs. Health care professionals
were asked to judge the demo version on severa items (eg,
layout, comprehensibility of al informative text). The test
patients were satisfied with the content of the information, the
way it was delivered, and the messages (source and styl€). They
also found all text provided on the website as very useful.
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However, afew remarksfor improvement were suggested. These
were related to supplying more detailed information about the
side effects of chemotherapy, adding more attention to mental
support, and less complicated sentences. All test patientswould
like to use the intervention if they will have surgery again.

Refinement and Production of Materials After Testing

After participants and health care professionals’ feedback,
minimal adjustments were made. Mainly textual changes were
made to simplify and order sentences. Thisresulted in the final
eHealth intervention that was used to perform the RCT.

Step 5: Program Implementation Plan

Patients undergoing major abdominal, general surgical, or
gynecological procedureswereidentified as new program users.
No new professionals were identified as program users as the
introduction and implementation of the program would remain
in the perioperative phase also for the extended patient group.
The 7 hospitals that participated in the earlier performed
“ikherstel” study wished to continue the use of the “ikherstel”
intervention including broadening the usage of “ikherstel”
intervention at the general surgery department of their hospital.
Many other general hospitals in different regions in the
Netherlands signed the letter of intent to participate in this
multicenter study. After a kick-off meeting at the research
institute, one meeting with surgeons or gynecol ogists (depending
on the department) and one meeting with nurses per hospital
was held to discuss the content and logistics of the study and
itsimplementation. Finally, 10 general surgery practices and 8
gynecology practices (all teaching hospitals) were positive about
the further development of “ikherstel” intervention and willing
to implement the intervention. They will participate in the
evaluation of this intervention through implementation of the
eHealth intervention as a supplement to the standard
perioperative care given at their hospital.

Step 6: Evaluation

Study Design

The evaluation of the eHealth intervention will be performed
by a multicenter single-blinded RCT. The effectiveness and
cost-effectiveness of this innovative eHealth care program
compared with the usual care givenin 11 participating hospitals
on RNA and RTW will be evaluated. A process evaluation will
also be performed using a mixed-methods design [56].

Eligibility Criteria

Patientswho will undergo alaparoscopic or open colectomy or
hysterectomy and are aged between 18 and 75 years will be
contacted. Exclusion criteria are surgery without a curative
intention, deep infiltrating endometriosis, concomitant surgical
procedures, not able to use the internet, unable to understand

Dutch questionnaires, malignancy (in case of the hysterectomy),
and receiving neoadjuvant treatment.

Outcome Measures

Our primary outcome measure is RNA. The Patient-Reported
Outcomes Measurement Information System physical
functioning item bank version 1.2 will be used to measure
limitationsin daily activities. A list of 29 most relevant selected

https://www.jmir.org/2019/2/e9938/

den Bakker et al

activities will be presented to participants before surgery with
the goal to select 8 activities, which are most relevant for them
in their daily life. They will be asked in the following
guestionnaires after surgery if they can already perform one of
these 8 activities. RNA is defined as the time in calendar days
from the day of surgery until a participant has resumed all
activities [57,58].

Secondary outcomes are social participation, self-rated health,
duration until RTW, physical activity, length of recovery, pain
intensity, and patient satisfaction [59-63]. Costs will be
measured from a societal and health care perspective and consist
of costs of the intervention, health care utilization costs, and
costs associated with lost  productivity  [64,65].
Sociodemographic data and questions regarding expectations
about the length of recovery and the amount of anxiety will be
assessed at the baseline measurement. Complications will be
assessed by reviewing the surgical reports and postoperative
notes and scored by using the Clavien-Dindo classification [66].
The outcome measureswill be obtained by using questionnaires
administered at baseline (approximately 1-2 week preoperative)
andat 2, 4, and 6 weeksand 3, 6, 9, and 12 months after surgery.
For atotal overview of all outcomes per measurement moment
of this study, see Multimedia Appendix 5.

Sample Size Calculation

To detect a hazard ratio of 1.4 for RNA (corresponding to a
decrease in median time to RNA from 10 weeks to 7.14 weeks
as aresult of the intervention) with 80% power while testing
using a 2-sided log-rank test at a significance level of 5%, a
total of 318 events need to be observed. The total sample size
is set at 354 (177 per arm) to account for an anticipated
proportion of 2.5% of patients not returning to daily activities
within the 12 month follow-up period and a dropout rate of
10%.

Recruitment, Inclusion, Allocation, and Blinding of
Patients

Patients will be recruited for study participation when they are
on the waiting list in one of the participating hospitals and will
receive a study information letter on behalf of their doctor.
Contact will be made by phone to check their willingness to
participate and to access eligibility. Eligible patients willing to
participate will be included. After the patient completes the
baseline questionnaire T(0) within 2 week before surgery and
has signed informed consent, randomization will be executed
by an (independent) research assistant. A computer-generated
randomization in a 1:1 ratio will be performed on individual
level stratified regarding hospital, sex, and surgical procedure
using permuted blocks of size 2. Patients will be blinded to the
intervention, as they do not know which program is devel oped
as a nonintervention or intervention care program. The
researchers involved in the analyses will be blinded to the
allocation throughout the analyses. Health care professionals
cannot be blinded to the intervention because it ishighly likely
that they will be notified of the allocation either by the patient
or the patients’ medical file.
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Data Analyses Plan

All analyses will be performed in IBM SPSS. Baseline
characteristics will be summarized using descriptive statistics
and compared between theintervention and control group using
t tests by normal distributions of variables and Mann-Whitney
U tests, chi-square tests, or Fisher exact tests by non-normal
distributions of variables. Our primary outcome, time until full
RNA, will be analyzed by both crude and adjusted survival
analyses where hospital, surgical procedure, and sex will be
taken into account as covariates in the adjusted analyses due to
stratification. To describe the distribution of the duration until
RNA in both groups, the Kaplan Meier method will be used.
The Cox proportional hazard model will be applied to calculate
hazard ratios. Adjustments will be made if there are clinically
relevant differences between the intervention and the control
group in the baseline characteristics or if other potential
confounding factors are observed. For thelongitudinal secondary
outcomes, mixed models and multilevel logistic regression
models will be performed. For the cross-sectional secondary
outcomes, t tests, Mann-Whitney U tests, chi-square tests, or
Fisher exact tests will be used to compare differences.
Intention-to-treat analyses will be compared with per-protocol
analyses to identify whether there are differences if patients
used the intervention as intended. Subgroup analyses will be
performed regarding the surgical procedure (colectomy and
hysterectomy) and indication (benign or malignant disease). A
post hoc analysis will be carried out on patients without major
complications.

Discussion

Principal Findings

The purpose of this study wasto describe the systematic process
of the further development of the “ikherstel” intervention
following the 6 steps of the IM protocol [20,21]. This eHealth
intervention was adjusted to target different behavioral
determinants relevant for the overarching program goa to
achieve earlier full recovery for general surgica and
gynecological patients. From the beginning, patientsand health
care professionals were involved in the developmental process
and patients needs were taken into account by offering a
user-friendly eHealth and mHealth intervention for our target
group [67]. By involving hospitals in an early stage of the
development process, the expectation is that a supportive basis
for the intervention was created and that the implementation
followed by evaluation will go as planned [68].

Comparison With Other Studies

ThelM protocol has proven to be suitableto systematically and
scientifically develop an eHealth intervention for various health
issues [69,70]. In addition, afew studies have also used the IM
protocol to further develop, adapt, or adjust an existing
intervention [71,72]. In these studies, the IM protocol was
considered suitable and enabled researchersto reconsider points
of view and to integrate new information into existing tools.
These studies used the IM protocol in the same manner as we
did in this study. They decided to further build on the
methodological choices made in the previously developed
intervention by adjusting and improving the existing intervention
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for a new study population [71,72]. Methodological choices
made in steps 2 and 3 of the IM process of developing the
original “ikherstel” intervention, as described in the IM article
of Vonk Noordegraaf et al, are considered effective and,
therefore, used again in this IM procedure [19].

Comparison with other studies focusing on the development of
eHealth recovery interventions is limited due to alow number
of studies[18,23]. When comparing this devel oped intervention
to the eHealth interventions included in the systematic review
conducted by our planning group in step 1, it can be concluded
that our intervention consists of multiple components on a
diversity of functions that makes this a comprehensive
intervention. In addition, most RCTs regarding enhancing the
postoperative course are performed in cardiac surgery, whereas
thereisalack of RCTs evaluating postoperative recovery after
general surgical and gynecological procedures [73-80]. The
studies of Vonk et al and Bouwsma et a are most comparable
[18,23]. However, our study will be the only RCT that will be
performed in patients undergoing major abdominal surgery
focusing on RNA, which aso includes procedures performed
due to a malignant indication [81]. By determining the time
until RNA as primary outcome, all patients aged between 18
and 75 years can participate in this study allowing more people
to be reached.

The intervention was further developed and improved with
respect to the previous “ikherstel” intervention. The
shortcomings identified in the needs assessment are reflected,
and new tools have been introduced. On the basis of the input
from the FGDs, the accessibility has been improved by
developing amobile app and by the possibility of an eConsult.
This facilitates direct access and communication with health
care professionals and increases the reach of the “ikherstel”
intervention [82]. By using the activity tracker, patients can
monitor themselves, resulting in more involvement in their
recovery process and motivating them to mobilize quicker and
more intensively. Given the “ikherstel” intervention is based
on the concept of computer-driven tailoring, the information
regarding recovery is more personaly relevant, which will
increase the likelihood of behavior change and maintenance
[83,84].

Strengthsand Limitations

One of the strengths of our study is that by involving patients
and different health care professionals in the development
process of the intervention, experiences from multiple fields of
expertise were included. We are convinced that thisis necessary
because thisrecovery-focused eHealth intervention is designed
toinclude amultidisciplinary approach. Another strengthisthat
al information gathered in the development (IM) process of
the origina intervention was based on findings of qualitative
and quantitative studies and is used and extended with additional
information obtained during this IM process. By adjusting and
improving the“ikherstel” intervention, amore complete eHealth
intervention for the broadened target population was created.

A limitation is that nurses were not involved in this process of
development of the intervention, whereas they are linked to a
part of the intervention itself. However, we did have meetings
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with nursesin step 5 of the IM protocol, which attributesto the
acceptability.

Clinical Relevance

Involving different program users and using a theory- and
evidence-based systematic approach in the development of the
intervention as noted in the IM procedure results in the best
opportunity on effectiveness and implementation. If the further
developed “ikherstel” intervention is proven effective, the
content can be extended to other surgical procedures. In addition,
if it proves to be cost-effective for a broad surgical group of
patients, an implementation plan for future nationwide
implementation hasto be generated. It will also provideinsight
into the question of whether a systematically further devel oped
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version of an effective intervention is still effective for a
different target group.

Conclusions

This study showed that with the use of IM, we were able to
optimize and further develop the origina “ikherstel”
intervention. Theintervention isextended to patients undergoing
general surgical proceduresand for malignant indications. New
intervention tools such as amobile app, an activity tracker, and
an eConsult were developed. Consequently, with these tools,
there is an increase in accessibility coupled with provision of
monitoring and interactive feedback. The further developed
“ikherstel” intervention will be evaluated in a multicenter
single-blinded RCT.
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Abstract

Background: Young adulthood is avulnerable period for unhealthy lifestyle adoption and excess weight gain. Scant attention
has been focused on developing and evaluating effective weight gain prevention strategies for this age group. Electronic health
(eHealth) offers potential as a cost-effective means of delivering convenient, individually-tailored, and contextually-meaningful
interventions at scale.

Objective: The primary aim of this systematic review wasto locate and synthesize the evidence on eHealth weight management
interventions targeting young adults, with a particular focus on (eHealth) intervention components and outcomes.

Methods: A systematic review was conducted in accordance with the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses guidelines. The search strategy was executed across the following electronic databases: Cumulative Index to
Nursing and Allied Health Literature, Cochrane Library, EBSCO, EMBASE, Emerald, Education Resources Information Center,
Medical Literature Analysis and Retrieval System Online, Ovid, ProQuest, PsycINFO, PubMed, Science Direct, Scopus, and
Web of Science. Furthermore, 2 reviewers independently assessed records for eligibility: peer-reviewed, published in English,
and report eval uations of eHealth weight management interventionstargeting healthy young adults (aged 18-35 years). Datawere
then extracted from studies that met the criteriafor inclusion. The methodological quality of studies was independently assessed
by 2 reviewers using the Effective Public Health Practice Project’s (EPHPP) quality assessment tool. A comprehensive narrative
evidence synthesis was then compl eted.

Results:  Out of the 1301 studies assessed for €ligibility, 24 met the criteria for inclusion. According to the EPHPP quality
assessment tool, overal, 19 studieswere as rated weak, 5 as moderate, and none as strong. The narrative synthesis of intervention
outcomes found 8 studies reported positive weight-related outcomes, 4 reported mixed outcomes, and 12 did not report any
significant changes in weight-related outcomes. The narrative synthesis of (eHealth) intervention components led to 3 levels of
classification. A total of 14 studies were classified as Web-based, 3 as mobile-based, and 7 as multicomponent interventions.
Following the narrative synthesis, 5 key strategieswere thematically identified: self-regulation (goal setting and self-monitoring),
tailored or personalized feedback, contact with an interventionist, social support, and behavioral prompts (nudges and reminders)
and booster messages.

Conclusions: Findings highlight the limited evidence base for eHealth wel ght management interventions targeting young adults.
The complex nature of weight management presents an ongoing challenge for interventionists to identify what works, for whom,
how, and when. The quality of the evidence in this review was generally assessed as weak; however, assessment tools such as
the EPHPP are principally concerned with what should be and this is seldom equivalent to what works. Thus, while sampling,
study design and retention rates will remain key determining factors of reliability and validity, further research attention directed
toward the devel opment of guiding tools for community trials is warranted.

(J Med Internet Res 2019;21(2):€10265) doi:10.2196/10265
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Introduction

Background

Nearly one-third of the global population isoverweight or obese,
that is, more than 2.1 billion people [1]. The prevalence of
obesity isrising rapidly throughout both the developed and the
developing world, creating a substantial social, economic, and
health burden on society [2]. If current trends continue, it is
estimated that by 2030 almost half of the world's adult
population will be overweight or obese [3]. Such a scenario
would have devastating consequences for the global burden of
noncommunicable diseases, with increasing body mass index
(BM1) associated with an elevated risk of developing a chronic
disease such as cardiovascular disease, diabetes, respiratory
disease, and certain cancers [4]. The magnitude of the obesity
epidemic has led to a shift in focus from the clinical treatment
of obesity to the development of prevention strategies that
address the economic, environmental, sociocultural, and
lifestyle-related causes of population weight gain [5-7]. The
prevention of weight gain and the maintenance of a healthy
weight are considered less challenging, less expensive, and
potentially more effective than the treatment of obesity after it
has fully developed [8]. Once established, obesity is difficult
and costly to treat [9,10]. Owing to the projected increases in
obesity prevalence, the challenges faced in delivering effective
treatment, and the costs associated with treatment, it will not
be possible to deliver care for all individuals in need [11].
Therefore, the prevention of obesity and its comorbidities are,
and must continue to be, aforemost public health priority.

Targeting high-risk groups with prevention interventions is
hypothesized to have the greatest impact on therising incidence
of overweight and obesity [4]. Efforts to prevent obesity have
mainly focused on children and adolescents, whereas other
important age groups have been overlooked [12]. The most
rapid weight gain in the life course has been observed during
the early twenties to midthirties [12,13], with incident obesity
at a younger age associated with increased risk of chronic
disease and mortality in later adult life [12,14,15].

Young adulthood is a transitional life stage in which young
people experience significant life changes, increasing
independence, and adopt lasting health behavior patterns[16].
The cause of age-related weight gain during young adulthood
appears to be lifestyle-based, resulting from marked declines
in physical activity (PA), increases in sedentary behavior, and
poor dietary habits [17-22]. These changes in PA and
diet-related behaviors likely result from the significant life
transitions that occur during young adulthood, such as moving
out of the family home, relocating to new environments,
beginning full-time work or tertiary study, and establishing
financial, residential, and employment stability [16]. Among
this demographic, barriersto healthy weight maintenance exceed
enablers [23], with healthful eating and regular PA not
considered high priorities[24]. Perceived time constraints, lack
of discipline, inadequate self-regulation skills, and a lack of
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environmental support for healthy eating and PA have all been
cited ascommon barriersto healthy weight maintenance among
young adults [23-26]. Common enablers to healthy weight
maintenance include education and awareness (eg, what to eat
and what not to eat), self-regulation skills (eg, practicing
moderation and portion control), and positive social and
environmental support [23,24,26]. Importantly, the adoption of
healthier lifestyle behaviors in young adulthood has been
associated with a lower risk of developing chronic disease in
later adult life [27]. Given obesity is entirely preventable, the
establishment and maintenance of healthy behavioral patterns
in young adulthood would deliver long-term health benefits to
individuals aswell as cost benefitsto society. Therefore, amore
fine-grained understanding of the means that can be reliably
used to effectively assist young adultsin managing their weight
is heeded.

Review Rationale and Aim

Previous reviews [28-33] of lifestyle interventions for obesity
prevention and weight management have highlighted the limited
evidence basefor successful interventions among this age group.
Findings from these reviews were inconclusive owing to the
small number of studies available [30], small sample sizes
[30,32], heterogeneity across intervention designs [30,31],
differences in participant characteristics [30], gender biases
[32], and short intervention durations[30,32]. Traditional weight
management interventions (ie, face-to-face sessions with a
trained interventionist) may not meet the needs of many young
adults, as evidenced by lower recruitment and retention rates,
inferior attendance and compliance, and poor weight-related
outcomes relative to older adult participants [34]. Traditional
interventions are resource intensivein terms of the commitment
required by participants and intervention providers, which can
create barriers for full participation and adherence [29].
Moreover, the resources required to deliver face-to-face
interventions (individual or group-based) prevent large-scale
deployment to the wider community [28].

Young adulthood is a developmentally unique life stage [16].
Therefore, weight management interventions aimed at this
demographic must have a specific focus on the distinct
challenges faced by young adults that are known to contribute
to weight gain, including rapidly shifting life circumstances
related to home, work, family, and other relationships [16];
examples of the challenges faced during this developmental
period include juggling the many responsibilitiesthat comewith
being an ‘ adult’ [ 16], continuing cognitive development through
the midtwenties (eg, impulse control, regulation of emotions,
and rational decision making) [35], and learning the skills
needed to sustain oneself, such as home food preparation and
meal planning [36,37]. Technology may offer a cost-effective
means of engaging young adults in weight management, with
the current generation of young adults among the highest users
of digital technologies such as social media, mobile phones,
and wireless information sharing platforms [38].
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Electronic health (eHealth), defined as the use of information
and communication technologies (ICTs) for health [39], offers
a feasible adternative to traditional weight management
interventions and has the potential to be delivered at scale.
Telemedicine, first used in the 1920s, is the oldest form of
eHealth. The introduction of broadband internet in the 1990s,
followed by wireless technol ogies, precipitated an explosion of
eHealth and mobile health appswithin the health carefield [40].
Interventionsthat encompass | CTs (eg, internet-enabled mobile
and tablet devices, wearable monitors) permit the efficient
delivery of individualy-tailored, context-specific health
behavior change programs, with time-unlimited feedback,
coaching, and support [41]. The popularity, mobility, and
capability of modern ICTs allow temporal synchronization of
intervention delivery and allow the intervention to be delivered
at a convenient time and place [41]. For example, young adults
may be sent a short message service (SMS) text message in the
morning to remind them that having a nutritious breakfast is
important for healthy weight maintenance [42], with alink to
healthy breakfast recipes based on items commonly available
a home. eHealth-based interventions have previously
demonstrated the potential to promote healthful changesin both
diet and PA behaviors [43] and have been used as a treatment
option for obesity in adults [44]. However, there is limited
evidence on the effectiveness of eHealth-based approaches for
weight loss maintenance and weight gain prevention [44],
especialy among young adult populations. As such, the primary
aim of thisreview wasto locate and synthesize the evidence on
eHealth weight management interventions targeting young
adults, with a particular focus on (eHealth) intervention
components and outcomes.

Methods

Review Protocol

This systematic review was conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines[45]. Refer to Multimedia
Appendix 1 for the PRISMA checklist used in this review.

Data Sour ces and Search M ethods

The systematic literature search was completed in September
2018. The search strategy was executed across the following
electronic databases: Cumulative Index to Nursing and Allied
Health Literature, Cochrane Library, EBSCO, EMBASE,
Emerald, Education Resources Information Center, Medical
Literature Analysis and Retrieval System Online, Ovid,
ProQuest, PsycINFO, PubMed, Science Direct, Scopus, and
Web of Science. As outlined by Smith et a (2011) in a
systematic review of individua studies, the search should be
aswide as possible to maximize the likelihood of capturing all
relevant dataand minimizing the effects of reporting biases. As
such, asearch of awide variety of electronic databases relevant
to the topic of interest is recommended as a best practice [46].
The predetermined search strategy was designed by combining
relevant search terms related to eHealth, weight management,
and young adults. Search termswere divided into 4 groups: (1)
intervention type (ie, eHealth variations), (2) outcome (ie,
weight-related and behavioral variations), (3) study design (ie,
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study type variations), and (4) participants (ie, young adult
variations). The full search strategy and database results are
provided in Multimedia Appendix 2. The reference lists of all
included papers (backward search) and pertinent systematic
reviews [28-33] were also hand searched to identify additional
studiesfor inclusion. Google Scholar was used to screen papers
citing included studies (forward search).

Study Screening and Selection

All records were downl oaded to Endnote Version X8 (Clarivate
Analytics), duplicateswere removed, and the remaining studies
were assessed for eligibility via title and abstract by 2
independent reviewers. The results were categorized by title
and abstract into (1) papers appearing to meet study selection
criteria, (2) papers that should be retrieved for further
examination, and (3) excluded papers. In caseswherethere were
several publications from the same cohort, the study with the
longest follow-up was selected; if the follow-up was equivalent,
the most recent study wasincluded. The full-text of potentially
relevant papers was then obtained and assessed by 2 independent
reviewers. These paperswere further categorized. At all stages,
any discrepancies were discussed and resolved by consensus.
Where consensus could not be reached, a third independent
reviewer acting as an arbitrator was consulted.

Eligibility Criteria

The eligibility criteria adopted in the present review are as
follows. To be included in the review, studies had to (1) be
peer-reviewed, (2) be published in the English language, (3)
report eval uations of eHealth weight management interventions
targeting young adults (aged 18-35 years old), including
randomized controlled trials (RCTs), controlled clinical trials
(CCTs), and cohort studies (pretest-posttest and posttest only),
(4) include participants who were healthy and free of acute
illness or chronic disease, and (5) report a measure of weight
pre and postintervention.

For the purposes of this review, eHealth referred to behavior
change interventions, which were operationalized and
transformed for delivery vial CTsincluding computers, tablets,
mobile phones, wearable and nonwearable tracking devices,
and digital games. For studiesto be eligible for review, eHealth
had to form the primary means of intervention delivery in at
least one treatment arm. The technology could be used as both
a tool to enable a process, function or service, or as the
embodiment of eHealth itself [47]. Weight management was
defined as the prevention of weight gain via the maintenance
of a healthy body weight or the reversa of small gains to
maintain a healthy body weight [8]. Studies that purposively
recruited and subsequently evaluated weight loss or weight loss
maintenance interventions among the obese (mean BMI1>30

kg/m?) were excluded as the prevention of weight gain (ie,
management) wasthe focus of this study; participantswho have
lost asignificant amount of weight do not represent the general
young adult population [48]. The age range of 18 to 35 years
was selected based on the protocol included in the National
Heart, Lung, and Blood Institute’s Early Adult Reduction of
Weight through Lifestyle Intervention trials [49]. Weight gain
is most rapid during these years [12,13], and increasing BMI
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in young adulthood increases the risk of developing metabolic
syndrome over the subsequent 15 years almost 20-fold [50].

Studies were excluded on the basi s of thefollowing criteria: (1)
not peer-reviewed, (2) not in English, (3) not related to eHealth
and weight management, (4) not an intervention evaluation, (5)
included participants who were not healthy and free from acute

Willmott et al

and chronic disease, or were pregnant, (6) did not report a
measure of weight pre and postintervention, or (7) did not
specifically target young adults (aged 18-35 years). Studiesthat
did not report an age range, the mean age of the sample, or the
percentage of the sample who were within a given age range,
were also excluded. Numbers and reasons for exclusions are
reported in Figure 1.

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of study selection process.

Data Extraction and M anagement

A dataextraction forminformed by the PRISMA statement was
developed for abstracting study characteristics [45]. Data
extracted included the following: study details (author, year of
publication, and country), study design, participants (sample
size, characteristics, setting, retention, and blinding),
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intervention and comparator details, duration, and data collection
methods, measures, outcomes, and conclusions (refer to
Multimedia Appendix 3). Following this, summary tableswere
thoroughly and independently reviewed by all authors for
accuracy and relevance. Any inconsistencies were resolved
through discussion.
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Quality Assessment

The Effective Public Health Practice Project’s (EPHPP) quality
assessment tool [51] for quantitative studies was used to assess
the methodological quality of included studies. Thetool requires
the assessment of 6 individual quality components (selection
bias, study design, confounders, blinding, data collection
methods, and withdrawals and dropouts) before assigning an
overal quality rating (strong, moderate, or weak) based on a
3-point scale. The tool has been judged suitable for use in
systematic reviews of effectiveness [52] and has been reported
to have content and construct validity [51,53]. Moreover, a
study comparing the EPHPP quality assessment tool with the
Cochrane Collaboration Risk of Bias (CCRB) tool found the
EPHPP tool to have fair interrater agreement for individual
domainsand excellent agreement for thefinal grade. In contrast,
the CCRB tool had only dlight interrater agreement for
individual domains and fair interrater agreement for the final
grade. Of note, no agreement between the 2 tools was evident
in their final grade assigned to each study. The authors
concluded that although both tools were developed to assess
quality of the evidence, they appear to measure different
constructs [54]. In the present review, 2 independent reviewers
completed assessments of methodological quality according to
the EPHPP tool. Any discrepancies were resolved through
discussion with a third independent reviewer, acting as an
arbitrator, when required.

Data Synthesis

In line with the primary aim of this review, a comprehensive
narrative evidence synthesis was completed. Each study was of
intrinsic interest on its own and combining such complex
interventionswas likely to yield ameaninglessresult that would
not provide actionable insights for improving the design of
future interventions [55]. As such, the reviewers sought to
describe the variation in study findings by qualitatively
examining (eHealth) intervention components and outcomes
rather than attempting to combine findings into 1 overall
estimate of effectiveness [51].

Studies were categorized into 3 groups based on (eHealth)
intervention components: WWeb-based, mobile-based, and multi
component. Web-based refers to interventions that were
predominantly delivered through the use of internet-enabled
functions such as e-learning platforms, websites, and email.
Mobile-based denotes interventions that were primarily
delivered through mobile-enabled functionsincluding SM Stext
messages and mobile phone apps. Multicomponent represents
interventions that used a combination of the above technologies
to deliver the intervention. Behavioral change strategies were
thematically identified using the Coventry, Aberdeen, and
London-Refined taxonomy [56].

Outcomes were classified as positive if there was a significant
desired change in the weight-related measure postintervention
delivery, for example, decrease or maintenance in body weight,
BMI, or %body fat. Outcomes were classified as mixed if not
all weight-related changes were statistically significant in all
intervention arms. Outcomes were classified as having no
change if no dsatigtically significant differences in the
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weight-related measure were reported postintervention (and
when compared with control groups, if applicable).

Results

Search Results

Theinitial database search located 3280 records, 1979 duplicates
were removed, and the remaining 1301 records were retained
for title and abstract screening. Of these, 1237 were excluded
asthey did not meet the criteriafor inclusion. The most common
reasons for exclusion were the following: (1) not related to
eHealth and weight management, (2) not an intervention, (3)
participants had an acute illness or chronic disease, or were
pregnhant, or (4) the age range was too broad (eg, 18-65 years).
A total of 75 full-text papers were retained and assessed for
inclusion. Of these, 24 studies met the criteriafor inclusion and
were included in the narrative evidence synthesis. Figure 1
illustrates the PRISMA study selection process employed.

Study Characteristics

Of the 24 studies included, over 92% (n=22) were published
from 2010 onward, and all were conducted in developed
countries: atotal of 17 inthe United Sates[57-72], 4in Australia
[73-76], 2 in the United Kingdom [77,78], and 1 in Belgium
[79]. The majority employed either a CCT design (n=7) or an
RCT design (n=15). All interventions addressed weight
management; however, the behaviora focus of each intervention
differed: a total of 10 focused on both healthy eating and PA
[61,62,64-67,69,71,73,74], 7 focused on multiple behaviors (eg,
healthy eating, PA, stress management, and dleep)
[57,59,60,72,76-78], 3 focused on self-weighing [63,70], 3
focused on PA only [58,68,79], and 1 focused on healthy eating
only [75]. The number of participantswithin each of the studies
ranged from 12 to 2621, with a mean sample size of 468
participants. The majority of studies (n=20) recruited
participants from colleges or universities, with only 4 studies
extending their recruitment beyond an academic setting
[74-76,79]. The duration of interventions ranged from 6 weeks
to 24 months (mean=22 weeks), with an average retention rate
at the final point of data collection of 79%. In terms of
outcomes, 12 out of the 24 studies did not report any statistically
significant changes in the weight-related measure(s)
[57,58,61,65,66,68,71-73,77-79], 8 reported significant positive
weight-related changes (eg, maintenance of a healthy weight
or reversal of small gains) [60,62-64,70,74,76], and 4 reported
mixed outcomes [59,67,69,75]. Refer to Multimedia Appendix
3 for asummary of individual study characteristics.

Intervention (Electronic Health) Components

Of the 24 studiesincluded thisreview, 14 evaluated Web-based
interventions[59-70,78], 3 eval uated mobile-based interventions
[58,75,79], and 7 evaluated multicomponent interventions
[57,71-74,76,77]. The following section provides a narrative
synthesis of the different eHealth components employed inthese
studies.

Web-Based | nterventions

Among the 14 studies evaluating Web-based interventions, 4
[65-67,78] comprised a Web-based education (e-learning)
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program, 8 [59-64,68,69] used acombination of internet-enabled
functions (eg, elearning, website, email, e-counselor,
e-newdletter, and Wi-Fi enabled scale), and 2 [70] used email
as the sole method of intervention delivery. Typicaly, in the
e-learning-based programs, participants (college or university
students) were required to enroll in the program and complete
the required modules to receive course credit for their
participation [59,64,65,67,69,72]. The main behaviora change
strategies employed in the e-learning-based studies were
knowl edge shaping, self-monitoring, socia support, and contact
with an interventionist (see Multimedia Appendix 3). For
instance, in the study conducted by Gow et a (2010), students
were randomized to either the (1) internet intervention arm (6
intensive e-learning sessions delivered via Blackboard), (2)
feedback intervention arm (encompassing feedback from
interventionists and using Blackboard for self-weighing) or (3)
the combined intervention arm (e-learning sessions plus
feedback) [69]. Similar programs were designed and evaluated
by Dennis et a (2012), Greene et al (2012), LaChausse et al
(2012), Kattelmann et al (2014), and Nikolaou et al (2015),
whereby students randomized to the intervention arm(s)
completed a semester long e-learning program accessible viaa
centralized website [57,65-67]. Specifically, Nikolaou et al
(2015) used the Web-based e-learning program Moodle to
deliver intervention content, with weekly email reminders sent
to aert participants of new materials and mailboxes used to
encourage communication between participants and
interventionists [62]. Cornversely, the study conducted by
Harvey-Berino et al (2012) used a Web-based e-learning
platform to facilitate weekly Web-based synchronous group
chatsled by atrained interventionist and supported by materials
accessible via the intervention website [64].

The remaining Web-based interventions integrated multiple
internet-enabled functions including e-newsletters, social
network sites (SNSs), and email. The main behavioral change
strategies employed in these studies were knowledge shaping,
goal setting, self-monitoring, and contact with an interventionist
(see Multimedia Appendix 3). For example, the study conducted
by West et a (2016) was delivered via weekly e-newsletters
and a private Facebook page, with participants also receiving
a Wi-Fi scale and PA tracker (Fitbit Zip) for self-monitoring
[72]. Similarly, the study conducted by Schweitzer et al (2016)
comprised an adapted eHealth intervention where participants
received weekly emails with tips for achieving set goals and
weblinks to their personal accounts for viewing progress and
accessing additional material [61]. In contrast, Bertz et al (2015)
used Wi-Fi scales and email to facilitate the implementation of
the caloric titration method, which involvesdaily self-weighing
and visual feedback to promote weight management [63]. The
final 2 studies combined both Web-based and offline
components. Theintervention evaluated by Dennis et al (2012)
integrated both Web-based modules and biweekly in-class
sessions with an expert instructor in nutrition and exercise
science[67]. Similarly, the Choosing Healthy Optionsin College
Environments and Settings (CHOICES) trial evaluated by Lytle
et a (2017) offered an academic course with e-learning,
face-to-face, and hybrid options for program delivery. The
Web-based program included e-learning modules, an SNS, and
a support website [59].
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Mobile-Based | nterventions

The 3 studies eval uating mobile-based interventions[58,75,79]
delivered intervention content primarily via SM Stext messages
and mobile phone apps. The main behavioral change strategies
employed in the mobile-based studies were goal setting,
self-monitoring, and behavioral prompts (see Multimedia
Appendix 3). For example, in the study conducted by Munoz
et a (2014), participants used a pedometer to track PA, with
brief SMS text messages (2-3 per week) sent throughout the
intervention period to encourage the adoption of heathy
behaviors [58]. Similarly, in the study conducted by Kerr et al
(2016), dietary intake was monitored using amobilefood record
app and tailored dietary feedback was sent weekly viaSM Stext
messages to nudge healthy eating habits [75]. The study
conducted by Simons et a (2018) comprised an
investigator-designed mobile phone app (Active Coach) and a
wearable device (Fithit Charge) for tracking PA. The app
included goal-setting functionalities, practical tips, and
educational facts[79].

Multicomponent | nterventions

The 7 studies [57,71-74,76,77] that were categorized as
multicomponent used various eHealth technologies to deliver
or support the intervention. The multicomponent studies
employed a larger number of behavioral change strategies
including knowledge shaping, barrier identification, goal setting,
outcome  expectation  setting, behavioral  prompts,
self-monitoring, graded tasks, skill development, personalized
feedback, social support, and contact with an interventionist
(see Multimedia Appendix 3). The more complex interventions
such as TXT2BFiT [73,74] and HEYMAN [76] incorporated
multiple (eHealth) intervention components and associated
change strategies. The pilot TXT2BF T study comprised short
SM Stext messages, emails, mobile phone apps, and an internet
forum [73]. The pilot was later refined and trialed in a larger
RCT, which encompassed coaching calls by a dietician skilled
in motivational interviewing, personalized SM S text messages
tailored to participants' stage of change to prompt behavior
change, a website (resource bank) for knowledge shaping, and
4 designer mobile phone apps for goa setting and
self-monitoring. Following the completion of the 12-week
intervention, booster SM S text messages, emails, and coaching
calls were used to promote long-term behavioral change [74].
Similarly, the HEYMAN study included a website (resource
bank) for knowledge shaping, wearable PA tracker (Jawbone)
for goal setting and self-monitoring, weekly face-to-face
sessions (60 min), personalized feedback reports, private
Facebook group to facilitate social support and engagement
(reminders and notifications), Gymstick resistance band to
facilitate home-based strength training, and finally aTEMPlate
dinner disc to guide main meal portion size [76]. In contrast,
the study conducted by West et a (2016) had an educational
focus and comprised 8 sessions delivered weekly viaelectronic
newsletters and a (private) Facebook group [72]. The
intervention encouraged frequent self-weighing, regular PA,
and healthy eating. Participants received a Wi-Fi enabled scale
and a wearable PA tracker (Fitbit Zip) to facilitate
self-monitoring and weight maintenance. Similarly, the Tweeting
to Health intervention used a Twitter account to deliver
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education-based content. Participants also received a wearable
PA tracker (Fitbit Zip) to facilitate self-monitoring [71].

Quality Assessment

According to the EPHPP quality assessment tool, overall, 19
out of the 24 included studies were rated as weak
[57-59,61-72,75,77,78], 5 as moderate [60,73,74,76,79], and
noneas strong. A summary of theindividual component ratings
and overall quality ratingsis provided in Multimedia Appendix
4. In terms of selection bias, no study reported representative
sampling, with the majority using convenience sampling to
recruit eligible participants from university or college-based
settings. Participation rates were difficult to determine in most
studies as details on consent throughout the recruitment,
screening, and randomi zation stages were not clearly reported.
Therefore, all 24 studieswere classified asweak for Component
A. With respect to study design, 92% (n=22) of the studies
employed aCCT [63,65-68,70] or RCT [57-62,69,72-79] design.
The 2 remaining studies used cohort designs. 1 employed a
1-group pretest-posttest design [64] and the other employed a
1-group posttest only design [71]. Consequently, 22 studies
were rated as strong and 2 as moderate for Component B. In
terms of confounders, 13 studies [57-63,69,72-75,78] reported
no significant differences between intervention and comparison
(control) groups at baseline; 3 [76,77,79] reported significant
differences among groups but controlled for these in analyses;
3 [68,70] did not report any potential confounders; 3 [65-67]
reported significant differences between groups at baseline but
did not report whether these differences were controlled for; 2
[64,71] did not include acomparison group and therefore group
differences were not applicable. Consequently, 16 studies
[57-63,69,72-79] were rated as strong and 8 [62,65-68,70,74]
asweak for Component C.

Interms of blinding, 16 studies[57-59,61,63,65-70,72,75,77-79]
did not describe blinding of outcome assessors or participants.
Owing to the recruitment methods employed and the nature of
the interventions (ie, behavioral modification), participants in
these studies were assessed as being aware of the study’s
research question unless explicitly stated otherwise. Of the
remaining studies, 2 studies[62,74] were double blinded; 1[73]
did not report blinding of outcome assessors but participants
werereportedly blinded; 2 reported outcome assessors as blinded
but participants as not [60,76]; blinding was not applicable in
2  sudies  [64,71]. Subsequently, 18  studies
[57-59,61,63-72,75,77,78] were assessed as weak, 4
[60,73,76,79] as moderate, and 2 [62,74] as strong for
Component D. With regard to data collection methods, 20
studies [57-63,65-69,72-79] reported some evidence of
reliability (eg, Cronbach alpha) and validity (eg, referenceto a
validation study) for measures used to assess primary outcomes;
1 [64] reported measures to be valid but not reliable; 3 [70,71]
did not report any evidence of thereliability and validity of the
measures used. Consequently, 20 studieswere assessed as strong
[57-63,65-69,72-79], 1 asmoderate[64], and 3[70,71] asweak
for Component E.

With respect to withdrawals and dropouts, 12 studies
[57,58,61,65,66,68-70,72,77,78] reported the number of
dropouts but not the reasons for this attrition; 9
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[59,60,63,67,73-76,79] reported both the numbers and reasons
(eg, medical reasons, life changes could no longer commit, no
contact); 1 study [64] did not report numbers or reasons. For
the 2 remaining studies, withdrawal s and dropouts were unclear
[62] and not applicable [71]. On the basis of study completion
rates, 10 studies[59,60,65,67,72-76,79] were assessed as strong
(80%-100% retention), 8 [61,63,66,68-70,77] as moderate
(60%-79% retention), and 6 [57,58,62,64,71,78] asweak (<60%
retention) for Component F.

Discussion

Principal Findings

This systematic review provides a comprehensive narrative
evidence synthesis of eHealth weight management interventions
targeting young adults, with a particular focus on (eHealth)
intervention components and outcomes. A total of 24 studies
were identified and included in the review. A majority were
published from 2010 onward, conducted in devel oped countries,
and used convenience sampling to recruit young adults from
university- or college-based settings. There was large variation
inthe behavioral focus, intervention design and duration, sample
size, and outcomes reported across the included studies. The
variability across intervention outcomes highlights that
additional research iswarranted to extend our understanding of
what works, for whom, how, and when? The following
discussion provides further commentary on review findings,
along with recommendations for future research.

Intervention (Electronic Health) Components

Technology as a means to communicate content in eHealth
interventions is often overlooked [80]. Frequently, technology
is seen as a black box, a mere tool that has no effect or value
and servesonly asavehicleto deliver intervention content [81].
However, recent research suggests that technology should be
seen as avital and inseparable aspect of interventions [82] and
should be examined from a more holistic perspective [81,83].
With differences in persuasive technology elements and user
interaction shown to be significant predictors of adherence [80],
the design of persuasive technology should be an important
consideration in the development of any eHealth intervention
seeking sustained adherence [84]. Nonadherenceis an issue that
continues to plague the effectiveness of eHealth interventions
[80,82,85], with many participants failing to sustain their use
of the intervention in the desired way [81]. Given that
nonoptimal exposureto an intervention has been shown to lessen
intervention effect [86], examining technology and user
interaction from a more holistic perspective is necessary for
improving adherence and in turn the effectiveness of eHealth
interventions.

In this review, the use of eHealth components and behavioral
change strategies varied, with some studies only utilizing 1
technological function (eg, SMS text message or email) and
others employing a range of internet- and mobile-enabled
functions (eg, website, mobile phone apps, email, and SM Stext
message). Earlier studies (published 2006-2012) were generally
more basic by design with the majority employing an
elearning-based approach to deiver a didactic
education-focused wel ght management program, usually as part
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of a college or university-based course. With a focus on
education and raising awareness, these interventions offered
limited opportunities for participants to interact and actively
engage with the technology, and as a result, exposure to
intervention content waslikely suboptimal. I nteraction has been
shown to be a significant predictor of adherence; therefore,
eHealth interventions that fail to promote user interaction are
unlikely to achievetheintended usagetarget [81]. Furthermore,
research indicates that focusing on education (ie, knowledge
shaping) aone is unlikely to achieve the level of behavior
change necessary to address weight status [87,88]. Moreover,
participants enrolled in the e-learning-based interventionswere
likely to be more motivated by the course credit on offer rather
than learning new skillsfor healthy lifestyle adoption and weight
maintenance. L ater studies (published 2013-2017) became more
sophisticated in their use of technology and associated
behavioral change strategies, leveraging modern technological
innovations. For example, using algorithmsfor content tailoring
(eg, knowledge shaping), mobile phone apps and wearable
devices for tracking behavior (eg, goa setting and
self-monitoring) and relaying real-time feedback (eg, prompt
review and reinforcement) to improve the capability,
interactivity, and mobility of the intervention. Research has
found eHealth interventions, which are enhanced by arange of
features (eg, personalized e-feedback, chat rooms, and
goal-setting and self-monitoring tools), support greater retention
and usage of the intervention than standard (or basic) eHealth
interventions [89]. It should be noted that 5 studies
[59,60,65,67,76] also incorporated face-to-face (individual or
group-based) sessions in 1 or more of the intervention
(treatment) arms, further highlighting the limited evidence base
for eHealth weight management interventions targeting young
adults.

Recommended I ntervention Strategies Delivered Via
Electronic Health

Although the evidence for successful eHealth weight
management interventions targeting young adults (aged 18 to
35 years) was limited, common behaviora change strategies
and techniques were able to be thematically identified, with an
emphasis placed on the studies categorized as having positive
or mixed weight-related outcomes. The 5 strategies identified
included the following: self-regulation (goal setting and
self-monitoring), tailored or personalized feedback, contact with
an interventionist, social support, and behavioral prompts
(nudges and reminders) and booster messages.

Self-Regulation (Via Goal Setting and Self-Monitoring)

Most weight management interventions promote goal setting
along with someform of self-monitoring, usually recommending
that participants should record details pertaining to their
behavioral patterns (eg, dietary intake and PA) and weight (eg,
BMI) and review tracking data in line with their goals or
recommended guidelinesto evaluate progress and identify where
further changes are needed [90]. The premise of self-regulation
for changing finely ingrained habits is that monitoring of one's
behavior will lead to self-evaluation of progress made toward
previously set goals, with ensuing self-reinforcement following
this evaluation. Thus, the process of changing habits requires
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well-developed self-regulatory skills [91,92]. Self-monitoring
and goal setting are central to this process[93]. Self-monitoring
requires deliberate attention to one's own actions, as well as
the conditions under which they occur, and their immediate and
long-term effects [93]. Research indicates that self-monitoring
of key behaviors has been associated with successful weight
maintenance [92,94-96]. In particular, the use of technology for
self-monitoring has been suggested as a way of lessening the
burden of self-monitoring and enhancing adherence[97]. Inthis
review, all studies reporting positive weight-related outcomes
implemented some form of self-monitoring (eg, freguent
self-weighing, monitoring PA, or dietary intake). For instance,
in the HEYMAN intervention [76], participants received a
Jawbone wearable PA tracker with an associated mobile phone
app (UP app) to assist in goal setting and self-monitoring and
a TEMPlate dinner disc to guide main meal portion size. The
findings from thisreview suggest that improving self-regulation
skills should be a central focus of future eHeath weight
management interventions, particularly given young adults often
lack such skills[24].

Tailored or Personalized Feedback

Tailoring has been shown to enhance the effectiveness of
behavior change interventions, including eHealth-based
interventions[94,95]. Tailoring involves gathering and ng
personal datato determine the most effective strategy to meet
the specific needs of an individual [96]. Collecting data for
tailoring intervention content enables personalized feedback,
commands greater attention and is processed more deeply by
the recipient and is perceived as more likable than a generic
message [96,98]. With ready access to data provision and
retrieval, the internet provides a powerful tool for tailoring
interventions[96]. I nteractive and responsivetailoring enhances
the user’s experience with and understanding of intervention
content [94,95]. Tailoring can range from simple Web-based
assessments and feedback to highly sophisticated interventions
that are completely customized [95]. Of the studies reporting
tailoring in this review, most only employed simple tailoring
based on either Web-based or in-person health assessments. For
example, inthetrial conducted by Bertz et a (2015), participants
weighed themselves daily using Wi-Fi scales and immediately
received an email containing their weight plotted over timewith
a horizontal reference line indicating their target weight [63].
A few studies employed more sophisticated levels of tailoring.
The TXT2BFT intervention [ 74] used astaging algorithm based
on the Transtheoretical/Stages of Change Model to generate a
personalized set of SM S text messages, which were tailored to
whether the participant wasin precontempl ation, contemplation,
preparation, action, or maintenance stages of change for each
of the 4 behaviors addressed. More cognitive messages were
included if a participant wasin 1 of the early stages of change,
and the messages were more behavioral if the participant was
in the action or maintenance stages of change. We recommend
that future studies experiment with more sophi sticated methods
of tailoring to empirically test which aspects of the tailored
messages promote adherence and in turn enhance effectiveness
in this context.
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Contact With an | nterventionist

Several studies included in this review incorporated in-person
support from an interventionist. Human support has been shown
to enhance the effectiveness of and adherence to eHealth
interventions via accountability to a coach who is seen as
trustworthy, benevolent, and having expertise [99]. However,
intervention designsincorporating in-person support areresource
intensive. A trained specialist is needed to deliver intervention
content and monitor participantsto ensure the correct treatment
dose is received and the fidelity of the intervention is
maintained. In addition, the facilities and equipment required
to deliver the intervention must be procured. Furthermore, the
effort that is required on the part of participants to commit to
and attend in-person counseling sessions can create barriers (eg,
cost of travel, lack of parking at venues, and limited avail ability)
to full participation and adherence [100]. The high cost and
inability of these interventions to reach diverse demographic
and socioeconomic groups thwart large-scale deployment to
thewider community [28]. M ore economical methods that may
provide similar outcomesto face-to-face contact, while reducing
the costs associated with intervention delivery, include coaching
cals via telephone, email, chat forums, and SNSs [101]. For
example, in the TXT2BFT intervention [74], participants
received 5 coaching calls focused on goal setting and a review
from a dietician skilled in motivation interviewing. Similarly,
in the CHOICES intervention [59], a study specific SNS
facilitated participant engagement with peers and the
intervention staff. Future research should consider the potential
benefits and disadvantages of different communication mediums
to deliver expert support at scale.

Social Support

Social support has been identified as an important factor in the
provision of lifestyle-focused weight management interventions
[102-104], including those supported by technology [105]. In
particular, SNSs provide an ideal platform for facilitating social
support with access to large existing (or new) networks of
influencers [106]. The studies incorporating social support in
this review typically facilitated peer support via online chat
forums or SNSs. For example, in the CHOICES intervention
conducted by Lytle et a (2017), a study-specific SNS was
created to encourage discussion and interaction among
participants [59]. Similarly, in the HEYMAN intervention, a
combination of in-person (via group-based sessions) and
Web-based socia support (via a private Facebook group) was
employed to facilitate interaction among participants[76]. Given
that thereisresearch to show that social contacts and normative
beliefsinfluence weight status and intentions for weight control
in young adults [106], mediums for delivering social support
should be a key consideration in future research.

Behavioral Prompts (Nudges and Reminders) and
Booster Messages

M aintenance of behavior change presents an ongoing challenge
for behavior change research, with very little actually known
about the process of behavioral maintenance[107]. The evidence
supporting the use of behavioral nudges, reminders, and booster
sessionsfor behavioral change and maintenanceis mixed [108].
However, findingsfrom thisreview indicate that booster emails,

http://www.jmir.org/2019/2/€10265/

Willmott et al

SMS text messages, and coaching calls may help promote
behavioral maintenance over the longer term. For example, in
the TXT2BFiI T intervention [ 74], alow dose maintenance phase
was implemented following the completion of the initia
12-week intervention. In this maintenance phase, participants
received monthly SM S text messages and emails and 2 booster
coaching calls at 5 and 8 months. Technology offers afeasible
means of delivering strategies that promote behavioral
maintenance; however, further research is needed to better
understand the process of behavioral maintenance.

Quiality of Included Studies

A magjority of studies included in this review were of weak
methodological quality according to EPHPP quality assessment
ratings. The main weaknesses identified were the following: a
lack of studies employing representative sampling, not clearly
reporting participation rates, not blinding assessors and
participants to group allocation, and low completion rates.
Future research should aim to address these issues to improve
the methodological quality of the evidence for eHealth weight
management interventions targeting young adults.

Representativeness in eHealth-based research is crucia for
ensuring interventions are capable of reaching large,
representative numbers of the target population, particularly
those who are most in need of treatment [109]. According to
Glasgow (2007), reach is a function of both participation rate
and the representativeness of participants compared with
nonpartici pants based upon aset of key characteristicsincluding
race, ethnicity, socioeconomic status, computer experience, and
health literacy [109]. Participant characteristics across the
studies included in this review were similar, with the majority
of participants recruited from large western universities or
colleges using convenience sampling procedures. Consequently,
the results obtained from these studies are limited to a very
small, homogenous (ie, high socioeconomic status, education
level, and health literacy level) subgroup of the target
population, and they are unlikely to generalize to the larger
target population, including those most in need (ie,
socioeconomically disadvantaged groups, low education and
health literacy, ethnic minorities, and rural and remote
communities) [28]. The study conducted by Simonset a (2018)
is the exception as investigators specifically recruited
lower-educated working young adults. Although difficultiesin
recruiting young adults are acknowledged [110,111], to improve
representativeness, future research should aim to employ
probability sampling methods, maintain a careful record of
recruitment strategies and results, and collect data on both
participant and nonparticipant characteristics.

The design of most studies included in thisreview was rated as
strong; however, very few reported blinding of outcome
assessors and participants. As a consequence, findings from
these studies were likely influenced by detection and reporting
bias[55]. Importantly, the 2 studies[62,74] that were reportedly
doubl e blinded reported positive weight-related outcomes, and
2 out of the 3 studies[60,73,76] reporting somelevel of blinding
(either outcome assessors or participants) reported positive
weight-related outcomes. Therefore, where practical and
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feasible, future research should aim for double-blinded
alocations.

Finally, intervention durations and completion rates varied
significantly across studies (6 weeks-24 months for duration;
42%-98% for retention), which affects the veracity of study
findings and the ability to compare outcomes. Coupled with the
lack of studies reporting details on effective recruitment
strategies and reasons for attrition, the current understandings
on how best to recruit and engage young adults in weight
management studies is limited [28,112,113]. To improve
participation rates, retention, and resource allocation efficiency,
future research should keep a careful record of recruitment
strategies, participation rates, and reasons for attrition by
following up with withdrawal s and dropouts.

Limitations

A number of limitations, many of which represent opportunities
for future research, are acknowledged. First, the search
parameters employed were specific to the review’s research
aim, thereby limiting the number of studies identified. For
example, grey literature, nonpeer-reviewed research, and studies
not published in English were excluded. Future research may
therefore extend this review by including grey literature,
nonpeer-reviewed research, and studies not published in English.
Moreover, all studies included in this review were conducted
in developed countries; however, obesity is not isolated to the
developed world [114]. Thus, extending the current review to
include research from developing countries could provide
valuable insight into the generalizability of study findings in
different geographic contexts. Furthermore, future research may
adopt the Patient, Problem or Population, Intervention,
Comparison, Control or Comparator, and Outcomes framework
toinform the search strategy and eligibility criteriaand compare
whether this approach yields the same or different resultsasin
this review. Second, the highly complex nature of the
interventions included in this review limited our ability to
confidently isolate the active drivers of intervention outcomes
[112]. Although some potential behavioral change strategies
werethematically identified, definitive conclusions asto which
intervention components were contributing most to outcomes
(or lack thereof) were not able to be made. Future research
should follow published guidelines on devel oping and eval uating
complex interventions to permit critical appraisal [112], and
research is called for to expand the evidence base. As the
evidence base grows, we recommend that narrower age ranges
should be set to extend understanding. Third, the EPHPP quality
assessment tool, although deemed appropriate for the purposes
of thisreview, isone of several toolsthat can be used to evaluate
the quality of quantitative studies. As such, overal quality
ratings should beinterpreted with the specific characteristics of
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thistool in mind, given different assessment outcomes can arise
from different tools [54].

Furthermore, obtaining representative samples and blinding
participants to group allocation in interventions attempting to
modify behavior(s) are not often practical or feasible.
Assessment tools such asthe EPHPP are principally concerned
with what should be and thisis seldom equivalent to what works
in the field. Therefore, although the quality of the evidence in
this review was generally assessed as weak, results should be
interpreted tentatively. Sampling, study design, and retention
rates will remain key determining factors of reliability and
validity; however, further research attention should be directed
toward the applicability, generalizahility, and impact potential
of studies. Given a large proportion of weight management
interventions are delivered in-field, with varying budget
amounts, expecting study designs to conform to the standards
set within quality assessment tools arising from controlled
clinical settings may not berealistic. Assuch, additional research
is needed to better understand which metrics can be reliably
applied within different research designs. For instance, future
reviews may consider incorporating the Grading of
Recommendations Assessment, Development and Evaluation
[113] assessment tool to provide an overall judgement of the
evidence base and in turn guide future practice. Future research
may opt to narrow the scope of review to 1 specific behavior
or study design to permit metaanalytic comparisons; however,
the results of this review suggest such a narrow scope would
significantly limit the number of eligible studies available for
guantitative comparison at this point in time. Finally, we
recommend that future studies publish a review protocol
(researchprotocols.org) to establish an early scientific record,
promote transparency, solicit early feedback, and enhance
review methods and processes.

Conclusions

The prevention of unhealthy weight gain in young adults
provides a new target for reducing the rising prevalence of
obesity, and it is one that could offer an effective
transgenerational approach to abesity prevention. Consequently,
there is a need to develop effective weight management
programsthat are capabl e of engaging alarge number of young
adults in healthy lifestyle adoption over the longer term. An
eHealth-based approach offers potential, with young adults
among the highest users of digital technologies. However, at
present, there is limited high-quality, peer-reviewed evidence
available. Future research must be directed toward improving
the methodological quality of the evidence and establishing
which specific elements of eHealth weight management
interventions are most effective in achieving the desired
outcomes, thereby answering the for whom, how, and when
guestion.
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Abstract

Background: Electronic health (eHealth) obesity programs offer benefits to traditionally delivered programs and have shown
promise in improving obesity-related behaviorsin children.

Objective: Thisstudy aimed to assessthe efficacy of aparent-focused, internet-based healthy lifestyle program for preschool-aged
children, who are overweight or at or above the fiftieth percentile for body massindex (BM1) for their age and sex, on child BMI,
obesity-related behaviors, parent modeling, and parent self-efficacy.

Methods: The Time2bHealthy randomized controlled trial was conducted in Australia, during 2016 to 2017. Participants were
recruited both online and through more traditional means within the community. Parent or carer, and child (aged 2-5 years) dyads
were randomized into an intervention or comparison group. I ntervention participants received an 11-week internet-based healthy
lifestyle program, underpinned by social cognitive theory, followed by fortnightly emails for 3 months thereafter. Intervention
participants set goals and received individual feedback from a dietitian. They were also encouraged to access and contribute to
a closed Facebook group to communicate with other participants and the dietitian. Comparison participants received email
communication only. Objectively measured child BMI was the primary outcome. Secondary outcomes included objectively
measured physical activity, parent-measured and objectively measured sleep habits, and parent-reported dietary intake, screen
time, child feeding, parent modeling, and parent self-efficacy. All data were collected at face-to-face appointments at baseline,
3 months, and 6 months by blinded data coll ectors. Randomi zation was conducted using acomputerized random number generator
post baseline data collection.

Results: A total of 86 dyads were recruited, with 42 randomized to the intervention group and 44 to the comparison group.
Moreover, 78 dyads attended the 3- and 6-month follow-ups, with 7 lost to follow-up and 1 withdrawing. Mean child age was
3.46 years and 91% (78/86) were in the healthy weight range. Overall, 69% (29/42) of participants completed at least 5 of the 6
modules. I ntention-to-treat analyses found no significant outcomes for change in BMI between groups. Compared with children
inthe comparison group, thosein theintervention group showed areduced frequency of discretionary food intake (estimate —1.36,
95% Cl —2.27 to —0.45; P=.004), and parents showed improvement in child feeding pressure to eat practices (—0.30, 95% CI 0.06
to —0.00; P=.048) and nutrition self-efficacy (0.43, 95% Cl 0.10 to 0.76; P=.01). No significant time by group interaction was
found for other outcomes.

Conclusions: Thetria demonstrated that a parent-focused eHealth childhood obesity prevention program can provide support

to improve dietary-related practices and self-efficacy but was not successful in reducing BMI. The target sample size was not
achieved, which would have affected statistical power.
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Introduction

Background

The World Health Organization (WHO) has described childhood
obesity as one of the most significant public health issues [1].
Around 23% of children and adol escentsin devel oped countries
and 13% in developing countries are overweight or obese [2].
One of the main influences on the development of childhood
obesity is parenta guidance and role modeling around
obesity-related behaviors [3-5], particularly in the early years
of lifeup to 5 years of age [5]. Health behaviors become more
difficult to change with age [5] and tend to track into adulthood
[6], but are quite malleable in the early years [5]. Therefore,
early childhood isan opportunetimeto intervene, and involving
parents in interventions appears to be crucial [7].

Targeted interventions have the potential to ater the trgjectory
of childhood overweight and obesity continuing into adulthood,
and interventions that involve parents are the most successful
[8-10]. However, barriersto traditiona face-to-faceinterventions
such as scheduling of appointments[10], stigma, parental denial
[11], childcare for other siblings[12], travel [13], and cost [10]
can prevent sustained parental involvement and commitment
and, therefore, potentially impact the success of interventions.

Overweight and obesity interventions, which use an electronic
health (eHealth) delivery method, offer many advantages
compared with traditional delivery methods, particularly around
convenience and accessibility. Most interventions using eHealth
delivery methods have been conducted in older children and
have not involved parents [14]. In a recent meta-analysis of
parent-focused eHealth obesity interventions for 0- to
18-year-olds, around haf of the included studies showed
significant improvements in the dietary intake or physical
activity when compared with a control group, but there was no
significant change in the body massindex (BMI)/BMI z-score.
In this review, no studies targeting children aged under 5 years
were included, and it was recommended that larger,
higher-quality parent-focused eHealth studies be conducted,
with a particular focus on younger age groups [14]. There is
also alack of studies that focus on obesity-related behaviors
beyond dietary intake and physical activity. It isimportant that
interventions focus on total movement throughout the day and
incorporate strategies to improve sleep and reduce sedentary
behavior, aligning with the recommendations of newly released
24-hour movement guidelines [15,16]. Furthermore, although
some studies have been underpinned by social cognitive theory
[17-21], few have assessed change in parent self-efficacy, akey
construct of social cognitive theory.

http://www.jmir.org/2019/2/€11964/

Objectives

This paper reports the outcomes of a randomized controlled
trial (RCT) evaluating the efficacy of a parent-focused,
internet-based program in facilitating behavior change in
preschool-aged children who are overweight or at risk of
becoming overweight. We hypothesized that children in the
intervention group would achieve significantly greater
reductionsin BMI compared with thosein the comparison group
at 6-month follow-up. It was also hypothesized that the
intervention group would achieve significantly greater
improvements in child dietary intake, physical activity, screen
time, sleep, child feeding, and parent self-efficacy and role
modeling.

Methods

Study Design

The protocol for this study has been published [22]. Briefly, the
Time2bHealthy study was based on formative research with
parents of preschool-aged children [23] and was piloted [24]
beforethistrial. Thisstudy wasa2-arm parallel RCT involving
parent-child dyads recruited into 6 cohorts. The trial was
conducted between January 2016 and December 2017 in the
Illawarra, Southern and South-Western Sydney, Southern
Highlands, and Shoalhaven areas of New South Wales and
Melbourne, Victoria, Australia. Measures were collected at
baseline, 3 months post baseline, and 6 months post baseline.
The primary outcome was change in BMI 6-months post
baseline. The 6-month time point was selected as it was not
expected that the 3-month time point would provide adequate
time to detect changes in BMI. Secondary outcomes included
child dietary intake, physical activity, screen time, sleep,
child-feeding practices, and parent self-efficacy and role
modeling.

The Consolidated Standards of Reporting Trials statement was
used to guide the reporting of this study [25]. The study was
registered with the Australian and New Zealand Clinical Trials
Registry (12616000119493) and approved by the University of
Wollongong Human Research Ethics Committee (HE15/354).

Participant Recruitment and Eligibility Criteria

Potential participants were informed about the study through
flyersdistributed at early childhood education and care centers,
general practices/primary health care centers, early childhood
health centers, playgroups, and local sporting groups. Flyers
were al so displayed on community notice boards (eg, libraries,
shopping centers, children’s activity centers), and articleswere
placed in the University of Wollongong and Loca Health
District newsletters and posted on Facebook. Media releases
were also sent to local media outlets.
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As the focus of the program was prevention of childhood
obesity, healthy weight children aswell as overweight children
were included in the sample. Participants were eligible if they
had accesstotheinternet, if their child was2to 5 yearsold (and
not yet attending school), and was at or above the WHO fiftieth
percentilefor BMI for their age and sex [26,27], acriterion used
in other similar studies [17-19]. Parents also needed to have a
Facebook account or agreed to create one.

Child participantswere excluded if they weretaking medications
or had a medical condition with the potential to affect weight
or restrict age-appropriate play. Children with conditions that
required the restriction of certain foods (eg, celiac disease or
food allergies) were deemed eligible to participate, but parents
were informed that parts of the program would not be
completely appropriate and that they would need to make some
adaptations to the material provided to match their child's
individual dietary/health needs.

Informed written consent was provided by the parents/guardians
after reading a participant information sheet. Provisional
eligibility was determined through contact with participantsvia
phone or email and was confirmed at the face-to-face baseline
data collection visit when the child’s height and weight were
measured to confirm if the child’'s BMI was at or above the
WHO fiftieth percentile for age and sex. Participants below the
fiftieth percentile were excluded.

Randomization and Blinding

Participants were randomized into the intervention or
comparison group following the collection of baseline measures.
Randomization was performed in a 1.1 ratio using a
computerized random number generator. A data manager with
no other involvement in the study conducted the randomi zation.
The researcher responsible for implementing the intervention
was the only person who wasinformed about group allocation.
At the follow-up data collection time points, height and weight
measurements were taken by trained data collectors blinded to
group alocation.

Time2bHealthy I ntervention

Participants randomized to the intervention group were provided
with anindividual log-into accessthe Time2bHealthy program.
The development, content, and theoretical framework for this
intervention have been previously published [22]. Briefly, the
intervention was guided by Bandura's social cognitive theory
[28] and was designed using abackwardsintervention mapping
process [29,30]. The intervention targeted multiple behaviors
and consisted of 6 modulesincluding an introduction, nutrition
(n=2), physical activity, screen time, and sleep module, which
were completed by the participants over an 11-week period.
Each module comprised reading material, videos, activities,
quizzes, and a goal-setting component. Participants received
feedback on their goals at the end of each module by a dietitian
and were provided with advice to improve their goals using the
SMART (Specific, Measurable, Attainable, Readlistic, Timely)
goal framework [31]. Participants also received weekly emails
reminding them to log on to the website and participate in the
activities. Participants were informed that they could make
contact viaemail or phone if they had questions or concerns at

http://www.jmir.org/2019/2/€11964/
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any time. Participants in each of the cohorts were aso
encouraged to access and contribute to a closed (secret)
Facebook group to communicate with other members of the
cohort and the dietitian. There was a separate group for each
cohort, and they were regularly monitored and moderated by
the dietitian. Participants were asked to post photos, recipes,
and personal experiences and ideas that they had found helpful
for behavior change, which were relevant to each module. If
the dietitian could not answer a question raised, advice was
sought from another member of the research team, which
included experts in physical activity. An incentive to post to
the group was provided, with 1 post being selected from each
module (2 to 6) to receive a gift card.

Participants continued to receive emails fortnightly at the end
of the program until the 6-month follow-up. Infographics
summarizing the key points from each of the modules were
provided in these emails, and partici pants were al so encouraged
to log back into the website to revise the material and review
their progress with their goals.

Comparison Condition

Participants randomized to the comparison group received
fortnightly emails, which contained linksto the Raising Children
Network website (an Australian government-funded parenting
website). The topics were similar to Time2bHealthy (nutrition,
physical activity, screen time, and sleep) and also included other
general hedlth information. There were no interactive
components available to this group. After the final data
collection point at 6 months, participants from this group were
provided access to Time2bHealthy, but they did not receive
access to a Facebook group or to the regular emails.

Outcome M easures

M easurements were taken at baseline and 3 and 6 months post
baseline. Participant measures were collected at the University
of Wollongong, in the participant’s home, or in a community
setting. Questionnaires were completed by the parents on an
iPad during these sessions, which took approximately 30 to 45
min. Demographic information was al so collected from parents
at the baseline data collection point. Participants in the
intervention group were asked to complete a process eval uation
guestionnaire at the end of the Web-based program, which
assessed user acceptability of the program content, length, goal
setting, Facebook discussion group, and the modality used.

Primary Outcome Measure

Child height and weight were measured using a standardized
method [32] to calculate BMI. A stadiometer was used to
measure height to the nearest 0.1 mm. Weight was measured
(with no shoes and minimal clothing) to the nearest 0.1 kg using
a Secascale. Both height and weight were measured twice. The
mean of these 2 measurements was used to calculate BMI. A
third measurement was taken when height measurements
differed by more than 0.5 cm and wei ght measurements differed
by more than 0.5 kg.

Secondary Outcome Measures

Dietary intake was assessed using both a parent-reported food
guestionnaire (modified from the Eating and Physical Activity
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Questionnaire) [33] and a parent-reported 24-hour recall of child
dietary intake (using the“ Easy Diet Diary” app [Xyris Software,
Australia, Pty Ltd]). The section of the food questionnaire,
which asked about the frequency of intake of discretionary
foods, was expanded to include additional discretionary food
categories, which used the same scale as the existing question.
Cronbach a pha=.68 for these discretionary food questions. Data
from the 24-hour recall was used to calculate kJ per kg of body
weight, percentage of kJfrom sugar, and percentage of kJfrom
saturated fat. Data from the food questionnaire were used to
assess the daily fruit intake, daily vegetable intake, and
frequency of fruit juice and sugary drinksintake. A discretionary
food score was calculated based on responses to questions on
thefrequency of intake of takeaway or fast food; sugary ceredls;
potato chips or other salty snacks; sweets; cakes, doughnuts,
and sweet cookies, or muffins.

Physical activity intensity and duration were measured using
an ActiGraph GT3X+ accelerometer (ActiGraph Corporation,
Pensacola, FL), which was worn on an elasticized belt around
the child’'swaist for 7 days. Accelerometer data were analyzed
in ActiLife version 6 (ActiGraph Corporation, Pensacola, FL).
A sampling frequency of 30 Hz was used, with the files then
reintegrated into 15-second epochs. Nonwear time was defined
as 20 min or more of 0 counts. Accelerometer data used for the
physical activity analysis were considered valid based on wear
time of at least 6 hours per day on 3 days, which has been found
to bereliablein previousresearch [34]. Thefollowing cut points
appropriate for preschool-aged children were used to categorize
physical activity intensity: sedentary, <100 counts/min; low
light—intensity physical activity, 101 to 800 counts/min; high
light—intensity physical activity, 801 to 1679 counts/min;
moderate-intensity physical activity, 1680 to 3367 count/min;
and vigorous-intensity physical activity, 23368 count/min [35].

Sleep habits were assessed using 4 questions assessing sleep
latency, sdleep reluctance, difficulty sleeping, and difficulty
faling to sleep in own bed based on questions from the
Children’s Sleep Habits Questionnaire [ 36] (Cronbach a pha=.63
for the 3 scaled questionsrelating to sleep reluctance, difficulty
faling asleep, and difficulty falling to sleep in own bed) and
guestions about the child's usual sleep and wake times and an
Actigraph GT3X+ accelerometer. Sleep accelerometer data
were analyzed in ActiLife using the Sadeh algorithm, which is
appropriate for use in children [37]. Sleep accelerometer data
were considered valid based on awear time of at least 3 nights
[38].

Parent-reported questionnaires were used to assess child feeding
(from the Child Feeding Questionnaire predefined subscal es of
“restriction” and “pressure to eat” [39]), screen time (based on
the studies by Downing et a and Hinkley et a [40,41] and
additional questions relating to screen entertainment rules,
presence of atelevision in the child's bedroom and frequency
of watching television while eating a meal), parent modeling
(developed after reviewing the studies by Palfreyman et al and
Gattshall et a [42,43]; Cronbach apha=.63), and parent
self-efficacy in nutrition, physical activity, screen time, and
sleep (modified from Bohman et a [44] by adding 6 additional
guestions and making small changesto some existing questions
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to align the questionnaire to the program content; Cronbach
alpha=.89).

Power and Sample Size

On the basis of the results of the pilot study [24], we expected
aBMI effect size of approximately 0.4 for this trial. To detect
astatistically significant difference between groups (alpha=.05
and power=.8), 136 participants were required (68 per group),
and based on an estimated attrition rate of 15%, we aimed to
recruit 160 participants (80 per group).

Statistical Analyses

Differencesin changes over time between the intervention and
comparison groups were assessed for each outcome. Linear
mixed models were used to determine differences between
groups over time (baseline, 3 months, and 6 months) with
adjustment for potential covariates. Intention-to-treat (ITT)
principles were used for parametric data, with all participants
analyzed in the group to which they were randomized regardless
of whether they attended all data collection time points or
completed theintervention. Covariatesincluded baseline values,
age, and cohort. Due to nonparametric distributions for some
variables, Freidman tests and Wilcoxon signed rank tests were
used followed by Mann-Whitney teststo analyze nonparametric
data using completed cases. Generalized estimating equations
were considered; however, the analyses would not converge.

Post hoc analysis of covariance (ANCOVA) analyseswere used
to detect changes between groups at individual time points,
which included the baseline value, age, and cohort as covariates.
Within-group changes were analyzed using repeated measures
analysis of variance (ANOVA), which included age and cohort
as covariates. These were complete case analyses. Analyses
were performed using IBM SPSS Statistics for Windows,
version 25 (IBM Corp, Armonk, NY, USA).

Results

Overview

Figure 1 shows the flow of participants through the study.
Recruitment was conducted between January 2016 and June
2017. Enquirieswere received from 372 parentsinitially. After
viewing the information sheet, 159 parents remained interested
in the study and were screened via phone or email, with 104
being potentialy eligible. Of the 93 parent-child dyads who
attended the initia visit, 86 were eligible and enrolled in the
study. A total of 42 participant dyads were randomized to the
intervention group and 44 to the comparison group. The mean
number of participants per cohort was 14 (range 8-22), and the
mean number of participants in each Facebook group was 6
(range 3-10). Follow-up was conducted between July 2016 and
December 2017. Moreover, 78 participants (91%) attended the
3- and 6-month follow-ups, with 7 (8%) lost to follow-up and
1 participant (1%) withdrawing from the intervention group due
to problems accessing the internet. Figure 2 shows the
completion of each of the intervention program modules. At
least 5 of the 6 modules were completed by 29 participants
(69%).

JMed Internet Res 2019 | vol. 21 | iss. 2 | €11964 | p.102
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Figurel. CONSORT flow diagram for Time2bHealthy randomized controlled trial.
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Figure 2. Participant completion of Time2bHealthy modules.
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Participant Characteristics

The baseline characteristics of participants are displayed in
Table 1. The mean age (SD) of the participating children was
3.46 (0.92) years, and 50% of child participants were female.
The mean age (SD) of the participating parentswas 35.17 (4.80)
years and 97% (83/86) were female, 63% (54/86) had a
university degree, 50% (43/86) had an after-tax income of at
least Aus $580/week, and 85% (73/86) were married or had a
partner. The mgjority of children were in the healthy weight
range (78/86, 91%) according to the WHO criteria [1]. The
mean (SD) BMI of the participating children was 17.01 (1.24).
The mean (SD) BMI of participating parents was 26.08 (5.97),
and 45% (39/86) were overweight or obese.

Primary Outcome

Table 2 displays the baseling, 3-month, and 6-month BMI
results. The results of the ITT, displayed in Table 3, indicated
that there was no group-by-time effect for BMI. The ANCOVA
analyses (shown in Tables 4 and 5) also found no significant
differences between groups at each time point. When
considering changes within groups, the repeated-measures
ANOVA found a significant change in BMI within the
intervention group at both the 3-month (adjusted mean
difference —.26, 95% CI -0.51 to —0.02; P=.03) and 6-month
time points (adjusted mean difference —0.22, 95% CI -0.40 to
-0.03; P=.02) and no significant changes within the comparison
group.

http://www.jmir.org/2019/2/€11964/

Secondary Outcomes

Table 2 displays the baseline, 3-month, and 6-month resultsfor
parametric secondary outcomes. The linear mixed model
analyses (displayed in Table 3) found a significant
group-by-time interaction for frequency of consumption of
discretionary foods (estimate —1.36, 95% CI —2.27 to —0.45; P
<.01), nutrition parent self-efficacy (estimate 0.43, 95% Cl 0.10
to 0.76, P=.01), and child feeding—pressure to eat (estimate
-0.30, 95% CI 0.61 to -0.00, P=.048). No group-by-time
interaction effects for any other secondary outcomes were
observed.

The posthoc ANCOVA analyses results (displayed in Table 4
and 5) showed a significant difference between groups in
frequency of consumption of discretionary foods at 3 months
(adjusted mean difference —1.45, 95% Cl —2.42t0 -0.43; P=.01)
and 6 months (adjusted mean difference —1.30, 95% Cl -2.34
to —0.26; P=.02), nutrition parent self-efficacy at 6 months
(adjusted mean difference 0.53, 95% CI 0.13 to 0.93; P=.01),
child feeding—pressure to eat at 6 months (adjusted mean
difference -0.35, 95% ClI -0.68 to -0.02; P=.04), and
accel erometer-measured sleep duration (in the nonhypothesi zed
direction) at 6 months (adjusted mean difference —0.55, 95%
Cl -1.01 to —-0.03; P=.04). The results of the Mann-Whitney
tests for the nonparametric data showed that there were no
significant differences between groups for any parameter (at
Bonferroni adjusted P<.008).
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Table 1. Baseline characteristics of participants.

Hammersley et a

Variable

Comparison group (n=44)

Intervention group (n=42) All (n=86)

Child (sex), n (%)
Male
Female
Child age (months), mean (SD)
Child age (years), mean (SD)
Child body mass index (BMI), mean (SD)
Child weight status?, n (%)
Healthy weight
Overweight
Obese
Median BMI percentile range
Child aboriginal/Torres Strait |lander status, n (%)
Aboriginal
Torres Strait |slander
No
Not answered
Participating parent’s sex, n (%)
Male
Female

Participating parent’s age, mean (SD)

Highest level of education of the participating parent, n (%)

Not university qualified
University qualified
Currently studying
Participating parent’sincome after tax (Aus $), n (%)
<$580/week
$580-$1240/week
>$1240/week
BMI of participating parent, mean (SD)
Weight status of participating parent, n (%)
Underweight
Healthy weight
Overweight
Obese
Not answered
Aboriginal status of participating parent, n (%)
Aboriginal
No
Not answered
Participating parent’srelationship with child, n (%)
Biological mother
Biological father

19 (43)

25 (57)

43 (12.26)
3.55 (1.02)
16.72 (0.92)

38(86)
5(11)
1(2)
851t0<95

4(9)
0(0)
39 (89)
1)

1(2
43 (99)
34.91 (4.68)

22 (50)
22 (50)
0(0)

23(52)
15 (34)

6 (14)

27.38 (21.61)

1(2
15 (34)
13(30)
11 (25)
3(7)

2 (4.55)
41 (88.64)
1(2.27)

41 (93)
2(5)

24 (57)

18 (43)

40 (9.65)
3.36 (0.80)
17.28 (1.44)

40 (95)
2(9
0(0)
75t0<85

12
0(0)
40 (95)
1)

2(5)
40 (95)
35.45 (4.95)

8(19)
32(76)
2(5)

20 (48)

16 (38)

6 (14)
24.81 (4.64)

12
26 (62)
9(21)
6 (14)
0(0)

1(2.39)
40 (95.24)
1(2.39)

39 (93)
2(5

43 (50)

43 (50)

42 (11.05)
3.46 (0.92)
17.01 (1.24)

78(91)
7(8)
1(1)
75t0<85

5(6)
0(0)
79(92)
2(2)

3(3)
83 (97)
35.17 (4.80)

30 (35)
54 (63)
2(2)

43 (50)
31(36)
12 (14)
26.08 (5.97)

22
42 (49)
22 (26)
17 (20)
3(3)

3(3.49)
81 (94.19)
2(2.33)

80 (93)
4(5)
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Variable Comparison group (n=44) Intervention group (n=42) All (n=86)
Other 12 12 2(2
Marital statusof participating parent, n (%)
Single/divorced/separated/widowed 10 (23) 3(7) 13 (15)
Married/with partner 34(77) 39 (93) 73 (85)
BMI of other parent, mean (SD) 27.61 (4.51) 28.24 (6.72) 27.95 (5.76)

Weight status of other parent, n (%)

Underweight 0(0) 0(0) 0(0)

Healthy weight 9(20) 15 (36) 24(28)
Overweight 13(30) 9(21) 22 (26)
Obese 9(20) 11 (26) 20 (23)
No answer/not applicable 13 (30) 7(17) 19 (22)

Income of other parent (Aus$), n (%)

<$580/week 6 (14) 5(12) 11 (13)
$580-$1240/week 20 (45) 19 (45) 39 (45)
>$1240/week 9(20) 15 (36) 24 (28)
No answer/not applicable 9(20) 3() 12 (14)

L anguage spoken at home, n (%)

English 40 (91) 37(88) 77 (90)
Other 4(9) 5(12) 9(10)
Found out about the program, n (%)

Early childhood education center 18 (41) 16 (38) 34 (40)
Flyer 5(11) 7(17) 12 (14)
Early childhood nurse/center 2(5) 5(12) 7(8)
Email 0(0) 4(10) 4(5)
School newsletter 2(5) 1(2 33
Media (print, television, and radio) 2(5) 1(2 33
Social media 5(11) 4(10) 9(10)
Playgroup 3(7) 0(0) 33
Other 7 (16) 4(10) 11 (13)

AWorld Health Organization definition [1].

http://www.jmir.org/2019/2/€11964/ JMed Internet Res 2019 | vol. 21 | iss. 2| €11964 | p.106
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Table 2. Mean (SD) values for primary and secondary outcomes at each time point.

Hammersley et a

Variable Baseline, mean (SD) 3 months, mean (SD) 6 months, mean (SD)
Comparison Intervention Comparison Intervention Comparison Intervention
(n=44) (n=42) (n=40) (n=38) (n=40) (n=38)
Body mass index (BM1) 17.28 (1.44) 16.72 (0.92) 16.99 (1.25) 16.46 (0.80) 16.87 (1.24) 16.51 (0.75)
Median BMI percentile range 8510 <95 75t0 <85 85t0 <95 75t0<85 85t0<95 75t0<85
kJ/kg of body weight? 330.43(125.08) 343.64(112.01) 296.24(114.64) 303.75(120.15) 296.20 (82.05) 327.60 (104.06)°
Percentage of kJ from sugar® 22.24 (6.75 2014 (7.01)  21.15(7.30)  20.83(6.02) 19.29 (7.01) 19.54 (6.95)°
Percentage of kJ from saturated fat® 12,52 (4.77) 11.74 (3.95) 11.58 (3.84) 11.37 (3.91) 12.50 (3.74) 11.00 (3.90)°
Servings of fruit® 2.91(1.03) 2.52(0.92) 2.95 (0.96) 2.47 (0.83) 2.88(1.04) 2.53 (0.86)
Servings of vegetables® 2.34(1.08) 2.62(1.27) 2.53(1.22) 2.84(1.22) 2.65 (1.05) 2.97 (1.28)
Discretionary food frequency scored 1173 (2.86) 11.21 (3.82) 11.60 (2.73) 9.82(3.21) 11.90 (2.29) 10.40 (3.22)
Nutrition self-efficacy® 7.94(1.13) 8.19 (1.36) 8.28 (1.19) 8.69 (0.97) 8.30(1.22) 8.89 (0.89)
Child feeding—restriction' 3.60 (0.92) 3630(0.78)  3.73(0.84) 3.69 (0.75) 3.58(0.89) 3.66 (0.79)
Child feeding—pressure’ 2.34(0.98) 2.52(0.99) 2.34(1.09) 2.17 (1.08) 2.43 (1.04) 2.14 (0.99)
Parent modeling? 3.95 (0.76) 3.98 (0.79) 3.93(0.85) 4.18 (0.55) 4.16 (0.73) 4.36 (0.54)
Sleep reluctance” 3.00 (1.24) 2.36 (1.06) 2.65 (1.00) 2.13(0.99) 2.68 (0.97) 224 (1.14)°
Sleep n=34 n=34 n=19 n=28 n=20 n=21
Duration (hours)' 9.59 (0.93) 9.85(0.78) 9.74(0.72) 9.91 (0.62) 9.78 (0.96) 9.54 (0.64)
Latency (minutes)’ 19.92 (1655)  20.98(14.41) 19.97(1805)  16.44(11.91) 22.19(11.85  25.00(18.03)
Screen time n=44 n=41 n=40 n=38 n=40 n=38
Week day (hours) 2.52 (2.55) 2.82(3.87) 1.37 (1.06) 1.73 (2.47) 2.20(2.91) 1.26 (0.99)
Weekend day (hours) 2.94(1.98) 3.15 (2.95) 2.31(1.56) 1.84 (1.43) 2.68(2.33) 2.04 (1.39)
Per centage activity n=34 n=35 n=27 n=31 n=26 n=27
Sedentary time! 46.28(7.98)  47.44(11.09) 4828(7.87)  49.17(4.03)  46.45(6.21)  49.47 (5.56)
Light, moderate, and vigorous ~ 27.74(7.40) ~ 2582(624)  26.18(6.16)  2561(438)  27.73(542)  25.44(4.93)
physical activity'
Moderate-to-vigorous physical  13.88 (5.04) 12.02 (3.60) 13.56 (4.43) 12.91 (3.70) 14.38 (4.11) 13.01 (3.77)

activi tyi

8Calculated from 24-hour diet recall using Easy Diet Diary/Foodworks.

Bn=37.
®From food questionnaire.

dscored from food guestionnaire questions on frequency of intake of takeaway or fast food; sugary cereals; potato chips or other salty foods; sweets;
and cakes, doughnuts, sweet cookies, or muffins. Responses of never or rarely, 1 to 3 times per month, 1 to 2 times per week, 3 to 4 times per week, 5
to 6 times per week, once per day, and 2 or more times per day were coded as 1 to 6, respectively, and summed to obtain a discretionary food score.

©Self-efficacy questionnaire.
fChild-feeding questionnaire.
9Parent modeling questionnaire.
PErom sleep questionnaire.

| Accel erometer measures.
IFrom screen time questionnaire.
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Table 3. Results of intention-to-treat analyses for primary and secondary outcomes; linear mixed model group x time interaction (random intercept
and compound symmetry covariance structure). Age, cohort, and baseline values included as covariates in the model (n=86).

Variable Estimate 95% Cl P value?
Body mass index -0.11 -0.34t00.12 .35
kJ/kg of body weight? 10.89 -29.94t051.73 .60
Percentage of kJ from szugarID -0.09 -2.441t02.25 .94
Percentage of kJ from saturated fat® -0.61 -3.09t0 1.87 .63
Servings of fruit® -0.24 -058t00.10 .17
Servings of vegetables® 0.17 -0.15t0049 .24
Discretionary food frequency score -1.36 -227t0-045 <.01
Nutrition self-efficacy® 0.43 0.10t00.76 o1f
Child feeding—restriction® 0.04 -021t00.29 .76
Child feeding—pressured -0.30 -061t0-0.00 .048
Parent modeling” 0.21 -0.02100.44 .08
Sleep duration (hours)' -0.22 -057t00.13 .21
Sleep latency (minutes)’ -0.25 -079t00.74 .95
Sleep reluctance -0.36 -0.77t00.06 .09
Screen time-week day (hours)k -0.20 -0.87t0 0.47 .56
Screen time-weekend day (hours)® -0.40 -090t00.10 .11
Percentage sedentary time 0.84 -160t0-327 .49
Percentage light, moderate, and vigorous intensity physical activityi'k -0.99 -2.20t02.01 .93
Percentage moderate-to-vigorous intensity physical a(:tivityi 0.54 -0.94t02.01 A7
gignificant at P<.05.

bCalculated from 24-hour diet recall usi ng Easy Diet Diary/Foodworks.
®From Food Questionnaire.

dscored from food guestionnaire questions on the frequency of intake of takeaway or fast food; sugary cereals; potato chips or other salty foods; sweets;
and cakes, doughnuts, sweet cookies, or muffins. Responses of never or rarely, 1 to 3 times per month, 1 to 2 times per week, 3 to 4 times per week, 5
to 6 times per week, once per day, and 2 or more times per day were coded as 1 to 6, respectively, and summed to obtain a discretionary food score.

Self-efficacy questionnaire.

fltalicized text: statistically significant result.
9Child feeding questionnaire.

PParent modeli ng questionnaire.

|Accel erometer measures.

IFrom sleep questionnaire.

KFrom screen time questionnaire.
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Table 4. Adjusted mean differences (and 95% CI) for primary and secondary outcomes at 3 months (complete case analyses). Analysis of covariance
(ANCOVA) analyses, with baseline value, age, and cohort as covariates (n=78).

Variable

Intervention comparison, adjusted  p yge?

mean difference (95% ClI)

Body mass index -0.23 (-0.50t0 0.04) .09
kJkg of body wei ghtb -0.57 (-57.71 to 46.26) .83
Percentage of kJ from sugarb -0.23(-3.29t02.83) .88
Percentage of kJ from saturated fat® -0.15(-1.94t0 1.63) .87
Servings of fruit® -0.31 (-0.69 to 0.07) 11
Servings of vegetables® 0.19 (-0.23 t0 0.60) .37
Frequency discretionary foods® -1.45(-2.47t0-0.43) .01
Nutrition self-efficacy® 0.33 (-0.03t0 0.69) .07
Child feeding—restriction 0.01 (-0.28 t0 0.29) 96
Child feeding—pressure’ -0.27 (-0.61 10 0.07) 12
Parent modeling® 0.24 (0.06 to 0.53) 12
Sleep duration” 0.04 (-0.35t0 0.43) 84
Sleep latency” -4.46 (-13.91 to 4.98) 35
Sleep reluctance -0.36 (~0.82 t0 0.09) 11
Screen time-weekday! 0.45 (-0.36 t0 1.27) 27
Screen time-weekend ~0.30 (~0.86 t0 0.26) 29
Percentage sedentary time" 0.14 (-2.76 t0 3.04) 92
Percentage light, moderate, and vigorous intensity physical a(:tivityh 0.92 (-1.60to 3.44) A7
Percentage moderate-to-vigorous intensity physical a(:tivityh 1.10(-0.65t0 2.84) 21

3gignificant at P<.05.

bCalculated from 24-hour diet recall usi ng Easy Diet Diary/Foodworks.

®From food questionnaire.

dscored from food guestionnaire questions on frequency of intake of takeaway or fast food; sugary cereals; potato chips or other salty foods; sweets;
and cakes, doughnuts, sweet cookies, or muffins. Responses of never or rarely, 1 to 3 times per month, 1 to 2 times per week, 3 to 4 times per week, 5
to 6 times per week, once per day, and 2 or more times per day were coded as 1-6, respectively, and summed to obtain a discretionary food score.

©Self-efficacy questionnaire.
fChild feeding questionnaire.
9Parent modeling questionnaire.
NA ccelerometer measures.
'From sleep questionnaire.
IFrom screen time questionnaire.

http://www.jmir.org/2019/2/€11964/ JMed Internet Res 2019 | vol. 21 | iss. 2| 11964 | p.109
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Hammersley et al

Table 5. Adjusted mean differences (and 95% CI) for primary and secondary outcomes at 6 months (complete case analyses). Analysis of covariance
(ANCOVA) analyses, with baseline value, age, and cohort as covariates (n=78).

Variable

Intervention comparison, adjusted  p yge?

mean difference (95% ClI)

Body mass index 0.01 (-0.27 to -0.29) 95
kJ/kg of body weight” 24.80 (-17.75 t0 67.35) 25
Percentage of kJ from sugarb 0.05(-3.1810 3.29) 97
Percentage of kJ from saturated fat° -141(-3.19t00.37) 12
Servings of fruit® -0.17 (-0.57 t0 0.23) 39
Servings of vegetables® 0.16 (-0.24 to 0.56) A4
Freguency discretionary foods® -1.30 (-2.34 t0 -0.26) .02
Nutrition self-efficacy® 0.53(0.13t0 0.93) .01
Child feeding—restriction' 0.10 (-0.18 t0 0.37) 48
Child feeding—pressure’ -0.35 (-0.68 0 -0.02) 04
Parent modeling? 0.18 (-0.05 to 0.41) 12
Sleep duration” -0.55 (-1.01 to -0.03) 04
Sleep latency” 6.00 (-4.09 to 16.09) 24
Sleep rel uctance -0.33(-0.82t0 0.15) .18
Screen time-weekday! -0.84 (-1.76 t0 0.07) 07
Screen time-weekend -0.49 (-1.14t0 0.15) 13
Percentage sedentary time® 1.590 (~1.415 to 4.60) 29
Percentage light, moderate, and vigorous intensity physical activity” ~1.106 (-3.601 to 1.40) 38
Percentage moderate-to-vigorous intensity physical activity” -1.110(-1.912to0 1.69) .90

3gignificant at P<.05.
bCalculated from 24-hour diet recall usi ng Easy Diet Diary/Foodworks.
®From food questionnaire.

dscored from food guestionnaire questions on frequency of intake of takeaway or fast food; sugary cereals; potato chips or other salty foods; sweets;
and cakes, doughnuts, sweet cookies, or muffins. Responses of never or rarely, 1 to 3 times per month, 1 to 2 times per week, 3 to 4 times per week, 5
to 6 times per week, once per day, and 2 or more times per day were coded as 1-6, respectively, and summed to obtain a discretionary food score.

©Self-efficacy questionnaire.
fChild feeding questionnaire.
9Parent modeling questionnaire.
NA ccelerometer measures.
'From sleep questionnaire.
IFrom screen time questionnaire.
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Table 6. Time2bHealthy intervention process evaluation (n=38).

Hammersley et a

Question Strongly Agree, Neutra, Disagree, Strongly Not applicable,
agree,n (%) n (%) n (%) n (%) disagree, n (%)
n (%)
The program content was interesting 21 (55) 15(39) 2(5 0(0) 0(0) 0(0)
The program content was easy to understand 28 (74) 10(26) 0(0) 0(0) 0(0) 0(0)
The program content was relevant 22 (58) 15390 13 0(0) 0(0) 0(0)
The length of the program was appropriate 15(39) 18(47) 2(5) 3(8) 0(0) 0(0)
One module every 2 weeks was appropriate 11 (29) 23(61) 4(11) 0(0) 0(0) 0(0)
Thetipsand tricks for parents was hel pful 20 (53) 17(45 1(3) 0(0) 0(0) 0(0)
The information about meals was hel pful 22 (58) 13(34) 2(5 1(3) 0(0) 0(0)
There was enough information in the module about meals 14 (37) 20(53) 0(0) 4(11) 0(0) 0(0)
The information on snacks and drinks was helpful 21 (55) 1539 13 1(3) 0(0) 0(0)
There was enough information in the module about snacks and drinks 15 (39) 19(50) 2(5) 2(5) 0(0) 0(0)
The information about physical activity was helpful 20 (53) 1642 2(5 0(0) 0(0) 0(0)
There was enough information in the module about physical activity 19 (50) 17(45) 2(5) 0(0) 0(0) 0(0)
The information on screen time was helpful 20 (53) 13(34) 4(1 1(3) 0(0) 0(0)
There was enough information in the module about screen time 14 (37) 20(53) 4(11) 0(0 0(0) 0(0)
The information about sleep was helpful 11 (29) 19(50) 6(16) 0(0) 1(3) 1(3)
There was enough information about sleep 8(21) 24(63) 4(11) 0(0) 1(3) 1(3)
The goa setting was hel pful 12 (32) 18(47) 7(18) 1(3) 0(0) 0(0)
The number of goals set was appropriate 12 (32) 18(47) 7(18) 0(0) 1(3) 0(0)
The health consultants were helpful and knowledgeable 20 (53) 1539 13 1(3) 0(0) 1(3)
The time the health consultants responded in was appropriate 21 (55) 16 (42) 0(0) 0(0) 0(0) 1(3)
The online delivery mode was suitable 19 (50) 1847 13 0(0) 0(0) 0(0)
The Facebook group component was useful 3(8) 12(32) 18(47) 4(11) 1(3) 0(0)
Process Evaluation Discussion

Overall, 38 participants from the intervention group (38/42,
90%) completed the process evaluation questionnaire. The
results are displayed in Table 6. Most participants agreed or
strongly agreed that the program content wasinteresting (36/38,
95%), easy to understand (38/38, 100%), and relevant (37/38,
97%). Most also agreed or strongly agreed that the length of
the program was appropriate (33/38, 87%), the goa-setting
component was hel pful (30/38, 79%), and that the dietitian was
helpful and knowledgeable (35/38, 92%). Most participants
discussed the program with extended family members (28/38,
74%). The internet-based delivery mode of the program was
suitablefor the majority of participants (37/38, 97%); however,
6 participants stated that they would have preferred a different
mode of delivery such asamobile-optimized website (2) mobile
phone app (2), face-to-face (2), or hard copy (2). Only 15
participants (15/38, 39%) agreed or strongly agreed that the
Facebook component was useful.

http://www.jmir.org/2019/2/€11964/

Principal Findings

In this RCT, we found no significant difference in the BMI
change between the 2 groups at 6 months post baseline. There
wereno significant differencesin physical activity, screentime,
or sleep outcomes between groups. The intervention did,
however, demonstrate some positive group-by-time outcomes
inrelation to dietary intake, child feeding, and nutrition parent
self-efficacy. To the best of our knowledge, Time2bHealthy is
thefirst RCT to assess the efficacy of a parent-focused healthy
lifestyleintervention on BMI in preschool-aged children, which
is delivered entirely Web-based.

Our null finding regarding BMI change at 6 months alignswith
similar eHealth obesity prevention studies conducted in young
[45] and older children [17,21,46] and a recent mobile health
study in preschool-aged children that measured fat mass index
[47]. Dueto alack of eHealth studiesin thisage group, we have
also compared our findings with studies delivered by more
traditional methods. Mixed results have been reported from
traditionally delivered parent-focused obesity prevention studies
in young children, with a recent meta-analysis finding a
short-term, but not along-term, effect [48]. This meta-analysis
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also found that interventions targeting only overweight and
obese children were more effective than those that included
children in the healthy weight range [48]. Given that more than
90% (78/86) of children recruited in our study were in the
healthy weight range, significant changes may have been
unrealistic. Superior outcomes may have been achieved had our
study included only overweight and obese children. Healthy
weight children wereincluded in this study as prevention iskey
to impacting childhood obesity rates, and it iscritical to design
interventions that facilitate establishment of healthy behaviors
and maintenance of healthy weight in all children at an early
age [49]. There was a significant within-group difference in
BMI in the intervention group. Had the target sample size been
achieved, it is possible that a difference between groups would
have been found.

Other eHealth parent-focused studies have demonstrated similar
improvements in dietary outcomes, such as energy dense food
consumption [50,51]. The discretionary food group-by-time
outcomes in this study most closely align with Williamson et
al’s [52] internet-based study targeting adolescent overweight
girls, which demonstrated a reduction in “eating fattening
foods” Contrary to this study, previous eHealth studies have
also shown improvements in fruit and vegetable intake,
including Chen et al’sinternet-based study on adolescents[21]
and Knowlden and Conrad’s internet-based study for mothers
of 4- to 6-year-old children [53]. Reduction in sugar-sweetened
beverage intake was also reported in an internet-based
parent-focused study for children aged 18 to 24 months [54].
Some traditionally delivered parent-focused interventions in
preschool-aged children have al so demonstrated improvements
infruit and vegetable consumption [55] and reductionsin mean
energy intake [56].

Our null findings in regard to kJ/kg body weight and kJ from
sugar and saturated fat were perhaps due to the fact that (due
to resource constraints) the 24-hour recall was administered on
1 single weekday at each time point and was not sufficient to
capture regular and weekend consumption patterns. It is also
possible that the intervention effects on each of the
obesity-related behaviors could have been diluted due to the
multi-behavior focus and breadth of the content covered
compared with previous studies that have focused on fewer
behaviors.

Similar eHealth parent-focused studiesin arange of age groups
have shown mixed physica activity outcomes
[21,46,47,52,57,58]. One successful internet-based study of
adol escents used pedometersto self-monitor activity [21], which
may have enhanced motivation. Few traditionally delivered
parent-focused studies have demonstrated an improvement in
physical activity [59]. Accelerometry compliance was not
optimal in our study (n=53 to 68), and therefore, the results may
not beindicative of thewhole sample. Night-time accelerometry
compliance was even lower (n=41 to 68). To the best of our
knowledge, no similar eHealth studies have assessed sleep
outcomes; however, a traditionally delivered program found a
significant increase in parent-reported sleep duration [60].
Further studies are needed, which objectively measure sleep
duration and explore strategies to improve night-time
accelerometry compliance, such as the use of wrist-worn
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monitors [61], incentives, or phone calls/email reminders[62].
Screen time behavior has also not been a focus of many
parent-focused childhood obesity studies. One eHealth study
inyoung children [45] and 2 in older children found null screen
time outcomes [20,46], which align with our findings. Similar
to our study, Knowlden et al [53] found improvements in both
groups and an improvement in screen time parent self-efficacy
in the intervention group; perhaps, a minimal intervention can
effect changein thisarea.

There was a significant group-by-time interaction for nutrition
parent self-efficacy but no significant differences between the
intervention and comparison groups for parent self-efficacy in
relation to physical activity, screen time, or sleep. The reason
why positive outcomes were achieved for nutrition parent
self-efficacy and not for the other behaviors is unclear, but it
may be due to the higher proportion of program time dedicated
to healthy eating and nutrition (2 modules compared with only
1 module for the other behaviors) and the larger number of
videos, providing a greater opportunity for vicarious learning.

It is established that parent self-efficacy is crucia for
implementing obesity-related behavior changein children[44].
Positive rel ationships have been reported between high parental
(or maternal) self-efficacy and fruit and vegetabl e intake [63-66]
and moderate-to-vigorous intensity physical activity [65], and
an inverse relationship has been reported with consumption of
unhealthy food [63,65]. Although social cognitive theory has
been used as a basis for other similar studies [17,20], parent
self-efficacy hasrarely been assessed, despite this being key in
parent-focused interventions.

There was a significant group-by-time interaction for
“pressure-to-eat” child feeding practices, but there was no
significant difference between groups for “restriction” of
child-feeding practices. Despite the body of evidenceregarding
child feeding practices and risk of overweight and obesity, there
are limited studies that have used child feeding as an outcome
measure. No other eHealth study to the best of our knowledge
has assessed child feeding practices; hence, the outcomes of
this study will be compared with traditionally delivered
programs in preschool-aged children. Similar to this study, a
significant improvement in “pressure-to-eat” child feeding
practices was reported in a group that received a regular
newsletter (compared with a group that received a single
booklet), but no significant changes in other child-feeding
practices were reported in a study of mothers of African
American preschool-aged children [67]. Conversdly,
Harvey-Berino et a [50] found a significant reduction in
“restriction” child-feeding practices, but not for other
child-feeding practices in their childnood obesity prevention
study in Native American preschool children, which was
delivered in the home [50]. As most studies have reported a
significant changein only 1 child-feeding practice, itispossible
that in this study as well as others, parents may find it difficult
to focus on changing more than 1 of the practices
simultaneously.

Research clearly demonstrates the need to intervene early to
establish healthy behaviors [68], and the role of parents at this
stageisinstrumental in achieving change[4,7,49,69]. Theresults
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of this RCT suggest that an internet-based program can be
effective in facilitating change, particularly for dietary-related
behaviors, and weight status range of children in this sample
demonstratesthat the intervention can be applied to both healthy
weight and overweight/obese children. The positive
dietary-related outcomes may be a reflection of a higher
proportion of the program being focused on healthy eating and
the activities in these modules being more intensive and
involving more practical application. The dietary-related
modules were also completed first, with 32 (76.19%)
participants completing these 2 modules. Participation (and
perhaps motivation) dropped off as participantsworked through
the modules, with 26 participants (61.90%) completing all the
6 modules.

A cost-effectiveness analysis was not within the scope of this
study. Although it is generaly perceived that eHealth
interventions are more cost-effective than traditionally delivered
programs, more research is needed [ 70].

Recruitment for this study was challenging, despite the
expansion of the recruitment area and extension of the
recruitment period, and we are not able to determine with
certainty the factors involved in the lower than anticipated
sample size without further investigation. Further work is
required to explore optimal avenues to access at-risk and
hard-to-reach populations. The program was marketed as a
“healthy lifestyle program” and appeared to be more successful
in recruiting parents of children in the healthy weight range
than overweight or obese ranges. Parental awareness of their
child’s weight status may have been a factor in the low
enrollment rates in the overweight and obese ranges. Previous
research hasfound that the mgj ority of parentsdo not recognize
that their child is overweight [71], and therefore, parents may
not have recognized the need for the program. Education and
monitoring initiatives may, therefore, be useful to enhance
parent awareness. Feedback from participants who initially
enquired about the study indicated that the need to attend
face-to-face appointments for data collection was a deterrent.
As the intervention is solely internet-based, it could be easily
translated to a real-world setting, given that most developed
countries [72-74] have a high proportion of internet users. In a
real-world setting, data collection could be Web-based, which
could improve participant recruitment and retention, but lack
of objectively measured data may create bias issues. The
requirement for participants to have a Facebook account may
also have been afactor if potential participants did not have an
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interest in engaging with social media or felt uncomfortable
sharing information online with people they did not know. It is
recommended that further studieswith alonger follow-up period
and those that trandate programs into primary health care be
conducted to demonstrate long-term effectiveness.

Strengthsand Limitations

This study used a randomized controlled design, applying a
backwards intervention mapping exercise to align the
intervention with social cognitive theory [29,30]. Multiple hedlth
behaviors were targeted, and outcome measures were based on
objective and valid methods where possible. There was a low
attrition rate, and the mode of delivery, content, and format of
the program demonstrated a high rate of user acceptability.

There are severa limitations of this study. Although it was
intentional to include healthy weight children in this study, there
were ahigher than anticipated proportion of children (over 90%,
78/86) in the healthy weight range. Therefore, the effect on BMI
may have been diluted. Due to the small number of childrenin
the overwei ght and obese ranges, it was not possible to conduct
asubanalysis of these participants. Statistical power would have
been affected by the fact that the target sample size was not
achieved despite measures to enhance participant recruitment,
including expanding the recruitment area and extending the
recruitment period. It is also possible that a longer follow-up
period may have been required to demonstrate differences in
BMI change between groups. Asthere were multiple outcomes
assessed, thereisarisk that there may have been atype 1 error.
Questionnaire-based measures and the 24-hour recall used for
secondary outcomes, involving self-reporting of data, were used,
and therefore, it may have been possible that parents misreported
this information (either intentionally or unintentionally) and
such misreporting would probably have occurred in both groups.
Thisisafamiliar challenge to researchers assessing behavioral
outcomes [75,76]. A height measure could not be obtained at
the data collection appointment for 2 participants. Parent-
provided measures were used in these instances.

In conclusion, Time2bHealthy led to asignificant improvement
in the frequency of discretionary food intake, nutrition parent
self-efficacy, and pressure-to-eat child-feeding practices, but
no improvement in BMI. The program has the potential for
scalability and wide reach. Future studies with alarger sample
size and longer follow-up period and those that trandate
effective eHealth childhood obesity prevention programs into
primary health care are needed.
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Abstract

Background: Transitioning into parenthood can be stressful for new parents, especially with the lack of continuity of care from
health care professional s during the postpartum period. Short hospital stayslimit the availability of support and time parents need
to be well equipped with parenting and infant care skills. Poor parental adjustment may, in turn, lead to negative parental outcomes
and adversely affect the child's development. For the family’s future well-being, and to facilitate a smoother transition into
parenthood, there is a need for easily accessible, technology-based educational programs to support parents during the crucial
perinatal period.

Objective: This study aimed to examine the effectiveness of a technology-based supportive educational parenting program
(SEPP) on parenting outcomes during the perinatal period in couples.

Methods: A randomized, single-blinded, parallel-armed, controlled trial was conducted. The study recruited 236 parents (118
couples) from an antenatal clinic of atertiary hospital in Singapore. Eligible parents were randomly assigned to the intervention
group (n=118) or the control group (n=118). The SEPP is based on Bandura's self-efficacy theory and Bowlby's theory of
attachment. Components of the intervention include 2 telephone-based educational sessions (1 antenatal and 1 immediately
postnatal) and a mobile health app follow-up for 1 month. The control group only received routine perinatal care provided by the
hospital. Outcome measures including parenting self-efficacy (PSE), parental bonding, perceived social support, parenting
satisfaction, postnatal depression (PND), and anxiety were measured using reliable and valid instruments. Data were collected
over 6 months at 4 time points: during pregnancy (third trimester), 2 days postpartum, 1 month postpartum, and 3 months
postpartum. Outcomes were standardized using baseline means and SDs. Linear mixed models were used to compare the groups
for postpartum changes in the outcome variables.

Results: Theintervention group showed significantly better outcome scores than the control group from baseline to 3 months
postpartum for PSE (mean difference, MD, 0.37; 95% CI 0.06 to 0.68; P=.02), parental bonding (MD -1.32; 95% CI -1.89 to
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-0.75; P<.001), self-perceived socia support (MD 0.69; 95% CI 0.18 to 1.19; P=.01), parenting satisfaction (MD 1.40; 95% ClI
0.86 t0 1.93; P<.001), and PND (MD -0.91; 95% Cl -1.34 to —0.49; P<.001). Postnatal anxiety (PNA) scores of theintervention
group were only significantly better after adjusting for covariates (MD —0.82; 95% CI -1.15 to —0.49; P<.001).

Conclusions: Thetechnology-based SEPPis effectivein enhancing parental bonding, PSE, perceived social support and parental
satisfaction, and in reducing PND and PNA. Health care professionals could incorporate it with existing hands-on infant care
classes and routine care to better meet parents' needs and create positive childbirth experiences, which may in turn encourage

parents to have more children.

Trial Registration:
at http://lwww.webcitation.org/6wMUuEysi O).

(J Med Internet Res 2019;21(2):€10816) doi:10.2196/10816

ISRCTN Registry ISRCTN48536064; http://www.isrctn.com/I SRCTN48536064 (Archived by WebCite
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parents; social support

Introduction

Background

Singapore's fertility rate has been declining over the years
despite the government’s desperate attempts to incentivize
married couples to have more children. Career prioritization
[1], previous negative childbirth experiences, and unmet parental
expectations werethe main reasonsfor thisdeclining trend [2,3].
To mitigate negative childbirth experiences and prepare parents
for parenthood, perinatal educational classes have been made
avalable in Singapore's hospitals. However, owing to
unawareness, time, and financial constraints, only few parents
attend these classes [4]. The dissemination of overwhelming
infant care information through pamphlets or in adidactic style
during the short hospital stay also tends to cause information
overload for parents [4-6]. Despite the growing interest and
involvement of fathers in parenting [5], perinatal care by
Singapore's hospitals still focuses primarily on breastfeeding
and the physical health of the mother and child, failing to
consider paternal involvement and the importance of
parent-child bonding [5,7]. Recently, under a smart nation
initiative, Singapore aimed to deliver holistic health care through
technological innovations [8]. Given the increasing number of
parents relying on Web-based information and online support
communities[9,10], and considering the unreliability of sources
and lack of professional moderation of Web-based information
[11], there is a need for an improved technology and a
theory-based perinatal educational program for parents.

Among all parental outcomes, parenting self-efficacy (PSE) is
a major determinant of a positive parenting experience.
According to Bandura, self-efficacy refers to one's feeling of
effectiveness in accomplishing required tasks and activities
[12]. For better PSE, Bandura emphasized that parents must
have confidence in their ability to perform specific skills and
believe that their actions will have the desired outcomes to
ensure successful parenting [ 13]. Self-efficacy can be developed
through the mastery of experiences, vicarious experiences, socid
persuasion, and affective and physiological factors [12].
Especidly for first-time parents, PSE is highly associated with
better coping responses and parenthood adjustment and positive
psychological and developmental outcomes for parents and
children [14,15]. In addition, Bowlby's attachment theory [16]
also theorizes that PSE, socia support, and parental emotional
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well-being are essential to establishing early parent-infant
bonding, which is the foundation of a positive development of
social relationships in infants. Therefore, it is important to
investigate the relationships among PSE, social support,
parent-infant bonding, parents psychological health (ie,
postnatal depression [PND] and anxiety), and parenting
satisfaction.

During the postpartum period, the stressful adaptation to new
parental roles, additional infant care responsibilities, and alack
of social support from one's partner [17-19] can adversely affect
parental bonding with the infant, which may give rise to child
developmental and attachment issues [20]. Poor parental
adjustment al so increasesthe risks of postpartum psychological
disordersin both mothers and fathers[21,22]. On the contrary,
high levels of perceived PSE [23] and socia support help to
facilitate smoother transition to parenthood [24], leading to
increased parental bonding, parenting satisfaction, and parenting
competence [25], and lowered risks of PND [23] and postnatal
anxiety (PNA) [26]. Thisis evident in the vital role of PSE in
promoting a positive parenting experience. Hence, intervention
programs should emphasize on increasing PSE among parents.

In a recent review, educational intervention for parents was
shown to be effectivein enhancing and sustaining PSE long-term
[27]. This corresponds with previous technology-based
intervention studies, which were shown to not only boost PSE
[28-31] but aso increase parenting satisfaction [28,30,31],
parental bonding [32,33], and perceived social support
[29,31,34-36] and reduce postpartum psychological disorders
[32,35,37]. However, most of these interventions cater only to
mothers [32,35,37,38] and are only introduced during the
postnatal period [28,30,31,33,34,38]. This study addresses the
lack of continuity of care during the perinatal period [4,39] and
thelack of inclusion of fathers' involvement in parenting [28,31]
by providing new insightswith atechnol ogy- and couple-based
parenting educational program made available during the
perinatal period.

Aim and Hypotheses

This study aimed to examine the effectiveness of a
technology-based supportive educational parenting program
(SEPP) on parental outcomesin terms of PSE, parental bonding,
perceived social support, parenting satisfaction, PND, and PNA
during the perinatal period in couples.
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Compared with the control group receiving standard care, we
hypothesized that the intervention group will have significantly
better scoresfor PSE, perceived social support, parental bonding,
and parental satisfaction, and lower scores for PND and PNA
from baseline to 3 months postpartum.

Methods

Study Design

Thiswasarandomized, single-blinded, parallel-armed controlled
trial. The research assistant responsible for data collection was
blinded to the intervention assignment of participants. Before
recruitment, an independent dtatistician generated a
randomization list using apermuted block randomization method
(no dtratification factor) with a 1:1 alocation ratio using
Research Randomizer [40]. The block size was blinded to the
study team. Coupleswererandomized into 2 groups (59 couples
in each group) using an opague envelope containing
nonduplicated numbers (1-118).

Eligibility Criteria

Eligible participants were heterosexual married couples aged
21 years and older (individuals aged 21 years and below are
considered minorsin Singapore), were proficient in spoken and
written English, owned a mobile phone with internet access,
and planned to stay in Singapore for the first 3 months post
delivery. Only motherswho had alow-risk singleton pregnancy
with more than 28 weeks gestation were included. Fathers and
mothers were excluded if they were a single parent, had
self-reported physical or mental disorders that would interfere
with their ability to participate in the study “and” or “or” if the
mother had a high-risk pregnancy (eg, placenta-previa major,
preeclampsia, or pregnancy-induced hypertension), had assisted
delivery such asvacuum or forcepswith afourth degree perineal
tear, and/or had given birth to a stillborn or newborn with
congenital abnormalitiesand/or medical complications. Mothers
with high-risk pregnancy were excluded to reduce confounding
influences on the parental outcome scores. Upon recruitment,
couples were informed of possible exclusion from the study if
mothers were to experience complications during pregnancy
and/or delivery.

Intervention

Parents assigned to the control group received routine perinatal
care provided by the hospital, which includes antenatal checkups
with an obstetrician, optional antenatal educational classes and
postnatal parent-craft educational classes, and regular follow-ups
with doctors from 10 days to 6 weeks postpartum.

Parentsin the intervention group received the SEPP in addition
to the standard routine perinatal hospital care. The SEPP adopted
a 3-step approach, including (1) a 30-min telephone-based
antenatal educational session, (2) a 60-min telephone-based
immediate postnatal educational session, and (3) amobile health
(mHealth) app follow-up educational session made available
for 4 weeks postpartum. Individual usernames, masking the
parents’ identities, and passwords were issued to the parents
for access to the mHealth app. Details of the SEPP are
summarized in the protocol [41].
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The mHealth app contained knowledge-based content that
addressed issues on breastfeeding, maternal self-care, newborn
care tasks, dealing with emotional challenges, and enhancing
parental efficacy and bonding, besides providing insights to
new parents to facilitate their transition into parenthood. In
addition, parental queries could be posted in the app’sdiscussion
forum, which were answered daily by atrained midwife for the
first 4 weeks post childbirth. Parents were aso highly
encouraged to share their personal insights and experiencesin
response to such queries. The mHealth app issued daily push
notifications regarding important milestones on parenting.
Further specifications on the intervention can be found in the
study protocol [41].

Procedure

The study took placein the antenatal clinic of atertiary hospital,
National University Hospital, in Singapore from December
2016 to December 2017. Participants were recruited asacouple
(father and mother dyad) when they went for their routine
antenatal checkup at the antenatal clinic. With the support and
referral of nurse managers and clinicians at the antenatal clinic,
a research assistant (RA1) approached referred couples to
explain the purpose and details of the study. After being
screened for eligibility, interested couples gave their informed
consent and had to complete ademographicsform and baseline
guestionnaire. They were then randomized into either the
intervention group or the control group. For the SEPP
intervention group, the RA1 proceeded to deliver a 30-min
telephone-based antenatal educational session to participants.
After childbirth, the couples were reapproached by the RA1 in
the postnatal wardsto finish another set of questionnaires. They
then received a 60-min telephone-based postnatal educational
session conducted by the RAL. Before discharge from the
hospital, the couples were required to download the supportive
parenting educational mHealth app. The RA1 guided couples
through the app’s functions on the spot. Individual usernames
and passwords, which would expire in 4 weeks, were provided
for access to the mHealth app.

For couplesin the control group, only routine perinatal care by
the hospital was provided. Subsegquent postbaseline data
collection was done through telephone calls by another research
assistant (RA2) who was blinded to the group alocation. Data
collection took place at the following time pointsfor al parents:
(1) during pregnancy (baseline), (2) 2 days postpartum
(immediate), (3) 4 weeks (1 month) postpartum, and (4) 3
months postpartum.

Outcome M easures

The primary outcome (PSE) and secondary outcomes (parental
bonding, PND, PNA, perceived socia support, and parenting
satisfaction) were measured using validated and reliable
self-report questionnaires. PSE was measured using the 10-item
Parenting Efficacy Scale (PES) [42], with a score range of 10
to 40. A high PES score indicates a high level of perceived
self-efficacy [43]. Internal consistency of the PES was high
across all time points (baseline, immediate postpartum, 1 month
postpartum, and 3 months postpartum) with standardized
Cronbach aphas of .935, .928, .925, and .868, respectively.
Parental bonding was measured using the 8-item Parent-to-1nfant
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Bonding Questionnaire (PIBQ) [44], which hasa4-point Likert
scale. As the eighth item on aggression toward newborns was
found to be poorly correlated with other items, this item was
dropped to improve internal consistency among items and to
help in calculating the total score. Total scores range from 0 to
21, and a score of 2 and above for each item suggests poor and
ineffective parental bonding [30,45,46]. Standardized Cronbach
alphasfor the PIBQ were .704, .585, .663, and .624 across each
time point. The 10-item Edinburgh Postnatal Depression Scale
(EPDS), with a score range of 0 to 30, was used to measure
PND [47]. A higher score indicates a higher risk of PND. The
recommended cutoff score for PND screening in mothersis 12
or 13 [48], whereas the recommended cutoff score for PND in
fathersisabove 10[49]. The EPDS had high internal consistency
across each time point (.811, .834, .853, and .834). The 40-item
State Trait Anxiety Inventory (STAI) [50] is widely used to
measure PNA and has a score range of 40 to 160, with a higher
score indicating a higher level of parental anxiety [31,51]. The
internal consistencies of STAI were .957, .962, .964, and .961
across each time point. The 8-item Perceived Social Support
for Parenting (PSSP) [52] scale constitutes 2 subparts (4 items
each) that are used to measure parents’ perceived social support
received from their partner and others. It hasatotal scorerange
of 0to 40, with ahigher scoreindicating higher perceived social
support [52] . Theinternal consistencies of the PSSP scalewere
.936, .875, .923, and .936 across each time point. Finaly,
parenting sati sfaction was measured with an eval uation subscale
of the What Being a Parent of a Baby Is Like (WPBL) scale
[46]. It consists of 11 items, each with a 10-point semantic
differential scale ranging from 0 to 9. A higher score indicates
higher parenting satisfaction [53,54]. The WPBL scale hashigh
internal consistencies of .956, .929, .958, and .954 across each
time point. Further details on the psychometric properties of
each outcome measure are mentioned in the protocol paper [41].

Data Analysis

The sample size was calculated based on a repeated measure
analysis accounting for intracluster (within couple) to examine
the differences between the 2 groups (intervention and control)
a 3 months. Assuming a medium effect size of 0.3, an
intracluster correlation of .05, and acorrelation between repeated
measurements of .5 at apower of 85% with asignificance level
of 5% (2-sided), 88 participants (44 couples) in each group were
required. Factoring a 25% attrition rate, 236 participants (118
couples), with 118 participants (59 couples) in each group, were
required.

The analysiswas performed on theintention-to-treat population.
All outcome data were treated continuously. Asthetotal scores
for the outcome variables (PSE, PIBQ, EPDS, STAI, PSSP, and
WPBL) were on different scales, they were standardized to a
z-score using their baseline mean and SD. This will enable
interpreting all the outcome variables on the same scale,
equivalent to the standardized effect size. In this study, each
couple should be considered asacluster of 2 individualswhose
outcomes could be correlated. To account for intracluster
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correlation within clusters, linear mixed-effect models were
used to compare the 2 groups on change in PSE, PIBQ, EPDS,
STAI, PSSP, and WPBL z-scores at immediate, 1 month, and
3 months postpartum. The unadjusted model included
couple-specific random intercepts, and baseline value, indicator
variable for the intervention (reference—control), indicator
variables for time points. immediate, 1 month, 3 months
postpartum (reference—baseling), and interaction between
indicator variables for intervention and 3 time points as fixed
effects. A sengitivity analysis was performed using the same
model adjusted for age, gender, ethnicity, education,
employment status, household income, length of marriage,
antenatal classattendance, confinement period, maternal/paterna
leave, and mode of feeding. Similar models were performed
separately for mothers and fathersto understand the intervention
effect in each of these subgroups. Finally, the unadjusted and
adjusted analyses were performed using the compl ete case data
and multiple imputed data based on the Markov Chain Monte
Carlo method (50 imputations) to assess the robustness of the
model in the presence of missing data. A P value (P) of less
than .05 was considered statistically significant. The analysis
was performed using IBM SPSS 24.0.

Ethical Consider ations

This study received ethics approval from the National Health
Group Domain Specific Review Board (Ref. No: NHG DSRB:
2016/00651) before recruitment of participants commenced.
All participants were given a participant information sheet and
were briefed thoroughly on the purpose of the study and
procedures before their consent was obtained. Participation was
strictly voluntary, and anonymity was guaranteed. Participants
were also informed of the right to withdraw at any point of the
study without consequences.

Results

Participants Details

A total of 236 (118 couples) participants were recruited and
randomized into the SEPP intervention group (n=59) and control
group (n=59). The baseline sociodemographic and pregnancy-
related characteristics of the study participants are presented in
Table 1. Participants had amean age of 32 years (SD 4.81, range
22-51). All participants were married with an average marriage
length of 3.5 years (SD 2.67, range 1-10). The majority of the
participants were Chinese (109/236, 46.2%), university
graduates (173/236, 73.3%), and employed (215/236, 91.1%)
with a household income of more than SGD $5000 (138/236,
58.5%). The majority of the participants did not attend antenatal
classes; most mothers had a normal vaginal delivery and
followed a confinement period. There were no statistically
significant differences between the control and intervention
groups on demographic characteristics except for age (P=.026)
and length of marriage (P=.008). Figure 1 shows the
Consolidated Standards of Reporting Trial flowchart of the
study.
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Table 1. Couples (mothers and fathers) population: summary of sociodemographic and pregnancy-related characteristics at the baseline.

Characteristics Intervention (n=118) Control (n=118)

Age (years), mean (SD; min, max)

Couples 31.3 (4.6; 22, 51) 32.6 (5.0; 24, 51)

Fathers 32.1(4.6;25,51)  33.9(5.1; 26, 51)

Mothers 30.4(4.4,22,42)  314(4.6, 24, 45)
Ethnicity, n (%)

Chinese 54 (45.8) 55 (46.6)

Malay 28(23.7) 32(27.1)

Indian 22(18.6) 17 (14.4)

Others 14 (11.9) 14 (11.9)
Marriage length (years), mean (SD; min, max) 31(25; 1, 10) 4.0(28; 1, 10)
Educational level, n (%)

Primary/secondary school 7(5.9) 1(0.9)

Diploma/polytechnic 28 (23.7) 26 (22.2)

University graduates 83(70.3) 90 (76.3)
Employed participants, n (%) 106 (89.8) 110 (93.2)
Monthly household income, n (%)

<SGD $3000 18 (15.3) 12 (10.2)

SGD $3000-$5000 36 (30.5) 30(25.4)

>SGD $5000 62 (52.5) 76 (64.4)
Planned pregnancy, n (%) 80 (67.8) 80 (67.8)
Attended antenatal class, n (%) 40 (33.9) 31(26.3)

Mode of delivery, n (%)

Normal vaginal delivery/water birth 72 (61.0) 76 (64.4)

Instrumental delivery 8(6.8) 4(3.4)

Cesarean section 32(27.1) 32(27.1)
Female babies, n (%) 48 (40.7) 48 (40.7)
Birth order, n (%)

First 84 (71.2) 74 (62.7)

Second 22 (18.6) 36 (30.5)

Third and above 10(8.5) 4(3.4)
Paternal/maternal leave, n (%)

No leave 3(25) 2(17)

<12 weeks 69 (58.5) 61 (51.7)

>12 weeks 30(25.4) 40 (33.9)
Confinement period, n (%) 98 (83.1) 94 (79.7)
Mode of feeding, n (%)

Breastfeeding 74(62.7) 70 (59.3)

Formulafeeding 2(17) 4(3.9)

Breastfeeding and formulafeeding 34 (28.8) 42 (35.6)
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Figure 1. Consolidated standards of reporting trial flowchart of the study. EPDS: Edinburgh Postnatal Depression Scale; PES: Parenting Efficacy
Scale; PIBQ: Parent-to-Infant Bonding Questionnaire; PSSP: Perceived Social Support for Parenting; STAI: State Trait Anxiety Inventory; WPBL:

What Being a Parent of aBaby IsLike.

Assessed for eligibility
(72 = 256 couples)

h 4

Excluded (rz = 138 couples):
- Did not meet the inclusion
criteria (64 couples)
- Declined participation
(74 couples)

Baseline measurements and randomization (2 = 118 couples):
PES. PIBQ, EPDS, STAI, PSSP, WPBL., demographic data

A 4

h 4

= Intervention group (7 = 53 couples): Control group (7 = 52 couples):
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=
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v

Analyzed 59 couples (7 =118)

Analyvzed 59 couples (7 = 118)

Follow-up assessments at 1 month postpartum were completed
for 47 couples (47/59, 80%) in the intervention group and 50
couples (50/59, 85%) in the control group. At 3 months
postpartum, follow-up assessments were completed for 44
couples (44/59, 75%) in the intervention group and 49 couples
(49/59, 83%) in the control group. However, as the
intention-to-treat analysis was adopted, data were analyzed for
all 59 couples in both control and intervention groups. The
overall attrition rate was 21.8%. Outcome scores were adjusted
for ethnicity, maternal/paternal |eave, confinement period, infant
feeding mode, age, length of marriage, household income,
employment status, and education. Table 2 summarizes the
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mean scores for parental outcomes of PSE, parental bonding,
PND, PNA, perceived social support, and parenting satisfaction
in the intervention and control groups at each time point.
Multimedia Appendix 1 shows key baseline characteristics of
participantswho provided all data (complete case analysis) and
those who provided partial data. Ascompared with participants
who provided complete data, participants excluded from the
complete case analysis were married dlightly longer, had lower
education, had less monthly household income, and fewer of
them practiced the confinement period; therefore, the results of
the unadjusted complete case analysis may or may not be
extrapolated to this group of parents.
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Table 2. Couples (mothers and fathers) population: summary of parental outcomesin the control (n=118) and intervention groups (n=118) at baseline,

2 days, 1 month, and 3 months postpartum.

QOutcomes Baseline, mean (SD) 2 days postpartum, mean 1 month postpartum, mean 3 months postpartum, mean
(SD) (SD) (SD)

Control Intervention  Control Intervention  Control Intervention  Control Intervention
Parenting self-efficacy (10- 28.45(6.2) 29.91(5.8) 27.37(5.9) 27.27(6.3) 29.46(6.2) 29.07(5.9) 3210(4.8) 31.95(4.9)
40)
Parental bonding (PIBQ? 0- 2.73(3.1) 254 (3.1 1.84(2.2) 1.58(1.6) 14.05(28) 1.30(1.7) 5.64 (6.0) 1.37(1.7)
21)
Postnatal depression 6.02 (4.1) 6.39 (4.1) 5.96 (4.6) 6.09 (3.8) 4.76 (4.9) 5.65 (4.2) 4.16 (4.3) 5.37 (4.1)
(EPDS?, 0-30)
Postnatal anxiety (STAIC, 67.46 (17.2) 68.23(17.8) 66.47(19.2) 69.29(18.1) 64.34(21.9) 66.97(17.8) 61.28(16.7) 62.29(18.2)
40-160)
Perceived socia support 33.38(5.8) 3214(75) 3586(44) 3541(7.7) 3453(6.0) 3327(65) 3572(43) 33.36(7.2
(PSSPY, 0-40)
Parenting satisfaction (WP- 85.32 (12.2) 82.14(12.1) 83.32(12.1) 81.18(12.7) 83.87(13.5) 828(12.2) 8885(8.7) 87.61(10.5)
BL® 0-99)

3P|BQ: Parent-to-Infant Bonding Questionnaire.
bePDS: Edinburgh Postnatal Depression Scale.
CSTAI: State Trait Anxiety Inventory.

dpsSsP: Perceived Social Support for Parenting.
SWPBL: What Being a Parent of aBaby Is Like.

Main Analysis

The mean difference of the standardized scores between the
control and intervention groups immediately postpartum from
the baseline (ie, intervention x time effects) was not significant
for al parental outcomes (PSE, parental bonding, PND, PNA,
social support, and parenting satisfaction; Table 3). At 1 month
postpartum, the mean difference of the standardized scores
between the control and intervention groups from the baseline
wassignificant for all parental outcomes except PNA (difference
[d]=-3.30; 95% CI -8.17 to 1.57; P=.07). However, after
adjusting for covariates, the mean difference of the standardized
score between the groups for PNA was significant (d=—3.25;
95% CI -3.65 to —2.85; P<.001). At 3 months postpartum, all
mean difference scores between the groups were significant for
all parental outcomes. The mean difference between the 2 groups
at the baseline (ie, main effect of intervention) was close to 0
for al outcomes (each P>.05; results not shown). A comparison
of themean outcome scores between the control and intervention
groups across al time points is shown in Figure 2. Sensitivity
analyses based on the compl ete case and multiple imputed data
showed results similar to the main analysis (Multimedia
Appendices 2 and 3).

Subgroup Analysis
For the analysis of parental outcome scores for mothers, the
mean difference of scores between groups immediately
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postpartum was not significant for al outcomes, but the mean
difference of scores between groups (ie, intervention x time
effects) was significant for all parental outcomes at 1 month
postpartum. At 3 months postpartum, the mean difference of
the scores was only significant for parental bonding (d=-1.33;
95% Cl —1.92to -0.74; P<.001), PND (d=-0.84; 95% CI -1.24
to -0.44; P<.001), PNA (d=-0.55; 95% Cl -0.93 to -0.17;
P=.01), and parenting satisfaction (d=1.31; 95% CI 0.72t0 1.90;
P<.001). After adjusting for covariates, the mean difference of
the scores for social support became significant (d=0.69; 95%
Cl 0.06 to 1.33; P=.03), whereas the mean difference of the
scores for PSE remained as not significant (d=0.33; 95% ClI
-0.20t0 0.85; P=.22).

Similarly, for theanalysis of parental outcome scoresfor fathers,
the mean difference of the scores between the groups was not
significant immediately postpartum. However, the mean
difference of the scoresfor all parental outcomeswas significant
at 1 and 3 months postpartum. The mean difference between
the 2 groups at the baseline (ie, main effect of intervention) was
closeto O for al outcomes (each P>.05) in models for mothers
and fathers (results not shown). A summary of the mean
difference of standardized parental outcome scores between the
groups for mothers and fathers is shown in Tables 4 and 5,
respectively.
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Table 3. Couple (mothers and fathers) population: estimated differences between the intervention and control groups for changes in standardized

parental outcomes at 2 days, 1 month, and 3 months postpartum.

Shorey et a

Standardized 2 days postpartum

1 month postpartum

3 months postpartum

outcomes ) ) . ) ' ' ' . . )
Unadjusted differ- A gjusted difference® Unadjusted differ-  Adjusted difference  Unadjusted differ-  Adjusted difference
ence? ence ence
OR® Pvadue OR(95% Pvalue OR(95% Pvaue OR(95% Pvaue OR(95% Pvaue OR(95% P vaue
(95% Cl) Cl) Cl) Cl) Cl) Cl)
Parenting -0.20 0.21 -0.29 0.21 2.23 <001 236 <.001 0.37 0021 045 0.034
self-efficacy (-0.53to (-0.75to (1.92to (1.94to (0.06 to (0.03to
0.12) 0.17) 2.54) 2.79) 0.68) 0.86)
Parental -0.03 0.88 -0.08 0.67 -4.00 <001 -4.07 0.001 -1.32 <001 -153 <.001
bonding (-0.36t0 (-0.47 to (-4.39to (-4.50 to (-1.89to (-2.17to
0.31) 0.31) -3.60) -3.64) -0.75) -0.89)
Postnatal de- -0.05 0.69 0.05 0.76 -3.40 <001 -354 <001 -091 <001 -092 <.001
pression (-0.33t0 (-0.26 to (-3.97to (-3.93t0 (-1.34to (-1.38to
0.22) 0.35) -3.22) -3.15) -0.49) -0.47)
Postnatal 0.11 0.37 0.15 0.26 -3.30 0.07 -3.25 <001 -071 <.001 -0.82 <.001
anxiety (-0.14to (-0.12to (-8.17to (-3.65t0 (-1.01to (-1.15to
0.36) 0.43) 157) -2.85) -0.42) -0.49)
Perceived -0.13 0.37 -0.18 0.19 3.14 <001 313 <.001 0.69 0.008 0.76 <.001
social sup-  (-0.42to (-0.47 to (2.75to (2.78to (0.18to (0.36to
port 0.16) 0.10) 3.53) 3.47) 1.19) 1.16)
Parenting 0.14 0.44 0.03 0.83 3.31 <.001 348 <001 140 <001 144 <.001
Satisfaction  (-0.21to (-0.37to (2.92to (3.14to (0.86to (1.05t0
0.49) 0.34) 3.69) 3.83) 1.93) 1.82)

8Unadjusted differences were estimated using a linear mixed model adjusted for baseline values.

bAdj usted differences were estimated using the same model with additions of covariates: ethnicity, maternal/paternal leave, confinement period, infant

feeding mode, age, length of marriage, household income, employment status, and education. See Methods for outcome definitions.

®OR: odds ratio.
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Figure2. Couples’ (mothers and fathers) population: changes in the standardized estimated mean scores of parental outcomes at 2 days, 1 month, and
3 months postpartum in control and intervention groups.
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Table 4. Mothers-only subgroup: estimated differences between intervention and control groups for changes in standardized parental outcomes at
immediately, 1 month, and 3 months postpartum.

Standardized |Immediately postpartum 1 month postpartum 3 months postpartum
outcomes ) ) . ) ' ' ' . . .
Unadjusted differ- A gjusted difference® Unadjusted differ-  Adjusted difference  Unadjusted differ-  Adjusted difference
ence? ence ence
OR® Pvadue OR(95% Pvalue OR(95% Pvaue OR(95% Pvaue OR(95% Pvaue OR(95% P vaue
(95% Cl) Cl) Cl) Cl) Cl) Cl)
Parenting -0.12 54 -0.22 41 2.29 <.001 238 <.001 0.29 13 0.33 22
self-efficacy (-0.49to (-0.76 to (1.92to (1.89to (-0.09 to (-0.20to
0.26) 0.31) 2.67) 2.88) 0.68) 0.85)
Parental -0.04 .82 -0.19 .39 -3.98 <001 -425 <001 -1.33 <001 -150 <.001
bonding (-0.41to (-0.62 to (-4.44 10 (-4.79to (-1.92to (-2.26to
0.33) 0.25) -3.51) -3.70) -0.74) -0.74)
Postnatal de- -0.33 .07 -0.15 46 -3.69 <001 -357 <001 -084 <001 -081 <.001
pression (-0.68t0 (-0.54 to (-4.08 to (-4.00 to (-1.24to0 (-1.25t0
0.03) 0.25) -3.30) -3.15) -0.44) -0.37)
Postnatal -0.02 91 0.17 .39 -3.26 <001 -332 <001 -055 .005 -0.55 .007
anxiety (-0.39to (-0.22to (-3.72t0 (-3.80to (-0.93to (-0.94to
0.35) 0.57) -2.79) -2.84) -0.17) -0.15)
Perceived -0.03 .85 -0.10 .65 3.36 <.001 340 <.001 057 .075 0.69 .033
social sup-  (-0.40to (-0.52to (2.85t0 (2.86to (-0.06 to (0.06 to
port 0.33) 0.33) 3.86) 3.95) 1.20) 1.33)
Parenting 0.02 .92 -0.15 .53 3.64 <.001 3.77 <.001 131 <.001 131 <.001
satisfaction  (-0.42to (-0.61to (2.98to (2.92to (0.72to (0.61to
0.46) 0.32) 4.30) 4.63) 1.90) 2.02)

8Unadjusted differences were estimated using a linear mixed model adjusted for baseline values.

bAdj usted differences were estimated using the same model with additions of covariates: ethnicity, maternal/paternal leave, confinement period, infant
feeding mode, age, length of marriage, household income, employment status, and education. See Methods for outcome definitions.

®OR: odds ratio.
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Table 5. Fathers-only subgroup: estimated differences between the intervention and control groups for changes in standardized parental outcomes at

immediately, 1 month, and 3 months postpartum.

Standardized |Immediately postpartum 1 month postpartum 3 months postpartum
outcomes ) ) . ) ' ' ' . . .
Unadjusted differ- A gjusted difference® Unadjusted differ-  Adjusted difference  Unadjusted differ-  Adjusted difference
ence? ence ence
OR® Pvadue OR(95% Pvalue OR(95% Pvaue OR(95% Pvaue OR(95% Pvaue OR(95% P vaue
(95% Cl) Cl) Cl) Cl) Cl) Cl)
Parenting -0.28 .26 -0.40 12 2.15 <001 213 <.001 048 .044 051 .036
self-efficacy (-0.77to (-0.91to (1.64to (1.59to (0.01to (0.03to
0.21) 0.11) 2.66) 2.68) 0.95) 0.99)
Parental 0.01 94 -0.04 84 -3.99 <001 -431 <001 -129 <.001 -148 <.001
bonding (-0.37to (-0.49to (-4.40to (-4.78 to (-1.80to (-2.22to
0.39) 0.41) -3.59) -3.84) -0.77) -0.75)
Postnatal de- 0.11 .53 0.13 46 -3.56 <.001 -358 <001 -0.92 <001 -1.09 <.001
pression (-0.24to (-0.23to (-3.94t0 (-4.07 to (-1.33to (-1.68 to
0.45) 0.49) -3.17) -3.10) -0.50) -0.49)
Postnatal 0.17 .26 0.13 4 -3.37 <001 -3.40 <001 -0.90 <001 -1.09 <.001
anxiety (-0.14to (-0.18t0 (-3.74t0 (-3.93t0 (-1.26to (-157to
0.48) 0.44) -3.00) -2.86) -0.54) -0.61)
Perceived -0.22 22 -0.22 .28 3.00 <.001 298 <.001 0.67 .007 0.81 .015
social sup-  (-0.57to (-0.62 to (2.61to (2.52to (0.18to (0.16 to
port 0.13) 0.18) 3.39) 3.44) 1.15) 1.45)
Parenting 0.26 14 0.21 .35 3.45 <.001 345 <.001 145 <.001 155 <.001
satisfaction  (-0.09 to (-0.23to (3.08t0 (3.01to (1.02to (0.95t0
0.61) 0.64) 3.81) 3.89) 1.88) 2.16)

8Unadjusted differences were estimated using a linear mixed model adjusted for baseline values.

bAdj usted differences were estimated using the same model with additions of covariates: ethnicity, maternal/paternal leave, confinement period, infant
feeding mode, age, length of marriage, household income, employment status, and education. See Methods for outcome definitions.

®OR: odds ratio.

Discussion

Overview

This study examined the effectiveness of a technology-based
SEPP among parents in Singapore. As the first 2 days
postpartum is a tumultuous time for parents, those in the
intervention group did not show enhanced parental outcomes
during the immediate postpartum period. However, they had
significantly better parental outcome scores than those in the
control group at 1 and 3 months postpartum, which suggests
the effectiveness of the intervention. In terms of score trends
for parental outcomes between 1 and 3 months postpartum,
there are noticeable increases in the outcome scores for PSE,
socia support, and parenting satisfaction and decreases in the
outcome scores for PND, parental bonding, and PNA for the
control group. For the intervention group, scoresfor PSE, social
support, and parenting satisfaction decreased, whereas scores
for PND, PNA, and parental bonding increased. This implied
that the cessation of the mHealth app usage at 1 month caused
adecrease in parental outcomes.

Parenting Self-Efficacy

The significantly better PSE scores for the intervention group
suggest that the SEPP is effective in enhancing parents
confidence in infant care skills and capability as a parent.
Adhering to Bandura's self-efficacy theory [12], components
of this technology-based SEPP alowed parents to obtain
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self-efficacy through mastery experiences (viatelephone-based
educationa sessionsand mobile phone app content information),
vicarious experiences (via learning from other parents on the
forum), and verbal persuasion (via constructive feedback and
encouragement from the midwife).

The positive results for parental PSE in the intervention group
were similar to a Finnish study by Salonen et a where parents
who received a Web-based educational intervention report