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Abstract

Background: Information on how behavior change strategies have been used to design digital interventions (Dls) to improve
blood pressure (BP) control or medication adherence (MA) for patients with hypertension is currently limited.

Objective: Hypertension is a major modifiable risk factor for cardiovascular diseases and can be controlled with appropriate
medication. Many interventionsthat target MA to improve BP areincreasingly using modern digital technologies. Thissystematic
review was conducted to discover how DI s have been designed to improve MA and BP control among patients with hypertension
in the recent 10 years. Results were mapped into a matrix of change objectives using the Intervention Mapping framework to
guide future development of technologies to improve MA and BP control.

Methods: Weincluded all the studies regarding DI development to improve MA or BP control for patients with hypertension
published in PubMed from 2008 to 2018. All the DI components were mapped into a matrix of change objectives using the
Intervention Mapping technique by dliciting the key determinant factors (from patient and health care team and system levels)
and targeted patient behaviors.

Results: The analysisincluded 54 eligible studies. The determinants were considered at two levels: patient and health care team
and system. The most commonly described determinants at the patient level were lack of education, lack of self-awareness, lack
of self-efficacy, and forgetfulness. Clinical inertia and an inadequate health workforce were the most commonly targeted
determinants at the health care team and system level. Taking medication, interactive patient-provider communication,
self-measurement, and lifestyle management were the most cited patient behaviors at both levels. Most of the DIsdid not include
support from peers or family members, despite its reported effectiveness and the rate of social media penetration.

Conclusions. Thisreview highlightsthe need to design amultifaceted DI that can be personalized according to patient behavior(s)

that need to be changed to overcome the key determinant(s) of low adherence to medication or uncontrolled BP among patients
with hypertension, considering different levels including patient and healthcare team and system involvement.

(J Med Internet Res 2020;22(4):€17201) doi:10.2196/17201
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digital intervention; hypertension; medication adherence; behavior change; intervention mapping; matrix of change objective.
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Introduction

Overview

There is increasing demand for the wide adoption of digital
tools and interventions as the entire healthcare ecosystem
struggles to deal with the biggest burden of the 21st century:
chronic diseases. However, both theory and practice on how to
create digital interventions (DIs) remain underdeveloped and
under analyzed. Therefore, we performed asystematic literature
review to identify the specific components previously used in
Dl stargeting medication adherence (MA) and/or blood pressure
(BP) control in patients with hypertension. We present the
results of this analysis within a matrix of change objectives
(MoCO) using aframework called Intervention Mapping (IM).
This framework allowed us to identify both the activities that
are common across different interventions and the goals these
activities were intended to achieve. The ultimate impact of
health innovations depends on how research evidence and
existing theories are used [1]. Thus, organizing the published
studiesin aframework that considers an existing common theory
supports more effective intervention development in the future.
At the same time, outlining existing research in such a map
provides more profound insight into the strengths, focus, and
weaknesses of DIsthat have already been developed.

Background

Hypertension, or high BP, is a globa public health issue.
Approximately 40% of peopleworldwide are estimated to have
hypertension [2]. According to the World Health Organization
(WHO) Global Brief on Hypertension [2], 9.4 million deaths
annually are attributed to complications of hypertension.
Hypertension was identified as the third most important factor
for disability-adjusted life years globally in 2002 [3] and asthe
leading risk factor for global burden of disease in 2010 [4].
Based on the Framingham Heart Study [5], a recent article
estimated the direct cost associated with hypertension to be 51.3
million EUR across five European countries [6]. Hypertension
isamajor modifiablerisk factor for cardiovascular diseases[4].
To put it in adifferent way, patientswith controlled BP are 50%
less likely to suffer a cardiovascular event compared to those
with uncontrolled BP [7].

M edication Adherence and Blood Pressure Control

The WHO defines adherence to long-term therapy as*the extent
to which a person's behavior—taking medication, following a
diet, and/or executing lifestyle changes—correspondsto agreed
recommendationsfrom ahealth care provider” [8]. Inthiswork,
we focus specifically on adherence to a medication regimen to
improve BP control.

Studies have repeatedly found that long-term adherence to
hypertensive medication is low. A recent systematic review
concluded that over 45% of hypertensive patients failed to
comply with their medication regimen [9]. It has been estimated
that increasing the adherence rate to antihypertensive therapy
to 70% would reduce cardiovascular events by over 80,000
cases across the five European countries listed in the article
based on the Framingham Heart Study [6].
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Adherence to medicationsisabehavioral processdriven by the
interaction of many factors, which the WHO classifies into 5
categories: socioeconomic factors, factors associated with the
health care team and system in place, disease-related factors,
therapy-related factors, and patient-related factors [8]. Severa
patient-related factors, including lack of understanding of their
disease, lack of involvement in the treatment decision-making
process, and suboptimal medical literacy, contribute to
medi cation nonadherence [10]. Horne and Weinman correlated
MA with two main factors: patients' personal beliefs about the
necessity of their prescribed medication and their concerns about
taking it [11]. They measured these two factors using the Beliefs
about M edi cines Questionnaire and showed, in alater systematic
review of 94 studies, that higher MA was consistently associated
with stronger perceptions of necessity and weaker perceptions
of concern [12].

Behavior Change Theories

A meta-analysis reviewing MA intervention for adults with
hypertension concluded that the most promising intervention
components were those linking adherence behavior with habits,
giving adherence feedback to patients, self-monitoring of BP,
using pill boxes and other special packaging, and mativational
interviewing [13]. Although the literature lists many factors
correlated with MA, the causal relationships with such factors
must be explored. Behaviora psychology professionals have
developed several theories that try to explain how different
factors are linked to behavior. Commonly used theories in
health-related interventionsinclude the Capability, Opportunity,
Motivation, Behavior model [14]; Health Belief Model [15];
theory of planned behavior [16]; and transtheoretical model

[17].
Digital Interventions

Interventions to support people with hypertension have the
potential to improve outcomes; however, delivery on a wide
scale and at low cost is challenging [18]. The use of digital
technologies considerably increases the cost-effectiveness of
interventions by quickly reaching alarge number of people and
enabling automation and personalization of content and delivery.
Information and Communication Technology solutions such as
telephone or video counseling, recorded audio messages,
informational websites, and text messages are commonly used
in behavioral interventions [19]

A metaanalysis of the effect of text-based interventions
concluded that mobile phone text messaging approximately
doubles the odds of adequate MA [20]. A systematic review of
internet-based interventions for MA similarly found that 11 of
13 studiesreported ahigh or moderate effect on adherence[21].

There is ample evidence that well-designed interventions can
improve MA and that digital technologies can facilitate the
delivery of these interventions. However, one must navigate a
convoluted set of choices to go from theoretical design to
practical implementation. A key challenge is that the same
theoretical component can be implemented in very different
ways, depending on the technology of choice.
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Study Purpose

The purpose of this study was to identify the specific DI
components used to target MA or BP control for patients with
hypertension and to map those componentswith respect to their
intended change in behavior. Although previous reviews have
looked at the effectiveness of DI [22-24] and the behavior
changetechniquesincluded in interventions[25,26], the specific
components of these interventions have not been mapped with
respect to their intended effect on behavior and the determinant
it is intended to address. We reviewed all studies published in
the last decade that describe an intervention with at least one
digital communication channel. Then, we identified the digital
components and mapped them to the intended behavior and
relevant determinant factors using the IM approach [27,28].

This approach allowed us to compare the implementation
choices acrossdifferent studies. The selection of the appropriate
theories and components for a given intervention remains
unguided. For effective (personalized) DI design in the future,
we highlight the most commonly used components and the
intended effect of each on patient behavior. This knowledge is
essential to evaluate how the specific components have been
mapped to behavior change strategies. Furthermore, it supports
professionals unfamiliar with behavior change theory in
understanding how different functionalities can be used to
deliver behavior change components.

Methods

Article Identification and Screening

This review intended to answer the following question: “How
are DIsdesigned toimprove MA and BP control among patients
with hypertension?’ We broke this question into three topics:
the behaviors, if any, that are targeted for change; the key
determinants of the targeted behaviors; and the key components
of DIs that effectively improve MA and BP control among
patients with hypertension.

We performed a systematic search of the PubMed electronic
database. We limited our search to articles published between
January 1, 2008, and December 31, 2018, to capture the
increasing use of smartphones in health interventions.

Selection Criteria

In our analysis, we included articles fulfilling al three of the
following criteria: articles describing the design and/or
evaluation of an intervention toimprove BP control and/or MA,
studies including the use of digital technologies in the
intervention delivery to the patients, and studies with
hypertension as an inclusion criterion.

Reviews and surveys were excluded, as were articleswrittenin
languages other than English. Studieswith sample size smaller
than 15 or intervention duration <1 month were al so excluded.
Since the goal was to analyze interventions, we combined all
articles that described the same study.

Analysisand Categorization

Articles were evaluated by one reviewer and double checked
by another reviewer. From each study, we extracted information
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pertaining to study design (ie, type of study, number of
participants, duration of intervention, country), theoretical
underpinnings, primary outcome measures regarding MA and
BP, intervention delivery modalities, determinant factors,
targeted behaviors, and components of the DI. Finally, three
investigatorsin several rounds of discussions verified the results.

In this review, we focused only on the digital components of
the intervention to compare how specific digital components
were being used across studies. Given the heterogeneity of
intervention designs across studies, different theoretical
frameworks used, and different technologies employed, we
decided to map all studies to a common framework for
comparison and for further development of interventions. We
selected a format inspired by MoCO as used in the IM
framework [13,28].

Intervention Mapping and Matrix of Change
Objectives

IM has been proposed as a 6-step protocol to guide the
intervention design process [29]. The second step is to create
the MoCO by matching performance objectives (sub-behaviors)
with determinants (factors affecting a patient’s conduct). It is
important to note that IM can be applied regardliess of the
underlying theory because it relates to the design process in
general.

InIM, matricesthat combine performance objectiveswith their
determinantsare the basisfor intervention development. MoCOs
are intended to answer the question “What has to change in a
specific determinant in order to bring about the behaviors that
need to be changed, to reach performance objectives?” The
matrix is created by intersecting the performance objectives
with determinants of behavior and environmental conditions.

Performance objectives are statements of what a program
participant will do or how an environmental condition will be
improved. These performance obj ectives describe exactly what
needs to be done at each environmental level by the at-risk
population and the agents or policy makers to achieve health
outcome improvements.

Determinants answer the question of “why?’ The barriers and
facilitators to implementation are considered as determinants.
Determinants can be constructed through different methods.
They can be theoretical constructs from health promotion
theories. They can also befound through comprehensivereviews
of empirical literature. Some planners would also investigate
qualitative methods used with the targeted population, performed
independently or sequentially with a quantitative study using a
structured questionnaire with questions based on the results of
the qualitative phase, shedding light on more hidden
determinants.

Change objectives specify what needs to change in the
determinants of behavior or environmental conditions to
accomplish the performance objectives.

This framework allows us to organize and categorize existing
work in a well-defined structure, offering two benefits. First,
such a structure allows for a more in-depth comparison of
existing studies in their targeted determinant, behaviors to
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change, and the components of developed Dls. Second, it
facilitatesthe creation of new Dls, by creating an understanding
of the digital componentsthat were previoudy used, theintended
goals, and the areas that have received less or more attention.
We created the MoCO by working backwards from each digital
component of the DI delivered in each study. We had to identify
which behaviors and determinants were addressed, based on
the descriptions provided by the authors. After reading al the
articles, we needed to understand each intervention component
and extract all the DI componentsfirst. The second step, which
was even more challenging, was to identify the goals behind
each component. This rationale was rarely explicitly reported
by the author(s) and required interpretation, sometimes requiring

Etminani et d

extensive discussion, by the reviewers. We identified the
addressed determinant(s) and the targeted behavior(s) and then
mapped that component to the relevant cell(s) in the matrix.
The categories for targeted behavior and determinants were
inductively generated from what we identified in the studieswe
reviewed, withinitial inspiration from the Health Belief Model.

Results

Theliterature review resulted in 54 studiesthat met the research
criteria(Figure 1). Because 8 studies published different aspects
of their interventions in more than one paper, we mapped all
the related articles into a single study for analysis.

Figure 1. Flowchart of study inclusion. BP: blood pressure; MA: medication adherence; DI: digital intervention.
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Study Design Acrossthe 54 studies, 24 were conducted in North America, 14

Theintervention durations ranged from 1 month to 24 months.
The most common duration was 12 months (16/54 studies),
which seemed more likely to show benefits for improved MA
or reduced BP as behavior change occurs over aperiod of time.
Other reported durations were <6 months (11/54 studies), 6
months (11/54 studies), >12 months (7/54 studies), and 7-10
months (7/54 studies). The intervention duration was not
explicitly mentioned in 2 of 54 the articles.

Of the 54 studies, 39 were randomized controlled trials, 5 were
longitudinal studies, 5 were pilot/feasibility studies, 3 were
quasi-experimental studies, and 1 each was an observational
study and mixed-method study.

https://www.jmir.org/2020/4/e17201
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in Europe, 8in Asig, 4 in Latin America, 2 in Africa, and 2 in
Australia

The sample size varied from 19 to 4076 participants. The most
common range was 100-499 participants (26/54 studies). The
sample size in other studies ranged from 50 to 99 participants
(9/54 studies), 500 to 999 participants (7/54 studies), 1000 to
4076 participants (7/54 studies), and 1 to 49 participants (5/54
studies). Almost all the studies had a multidisciplinary team
delivering the interventions, ranging from nurses, physicians,
pharmacists, social workers/’community health workers, and
family members.
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Primary Outcome M easures. M edication Adherence
and Blood Pressure

Among the 54 reviewed articles, 7 studies focused solely on
MA, 18 studies on only BP, and 29 studies on both MA and
BP. However, the studies approached those measures in quite
different ways, as we explain in the subsequent two sections.

Several papers also included other primary outcome measures,
depending on the specific goals of the intervention. Those
typically varied between different studies. In brief, they included
aspects of body composition (eg, BMI, weight, and waist
circumference), scores for quality of life (eg, quality-adjusted
life years and quality of life), and the Beliefs about Medicines
Questionnaire to demonstrate how their intervention affected
patient beliefs about medications. There were 8 studies that
performed an economic/cost-effectiveness analysis or resource
utilization of the intervention/care costs to demonstrate how
important it is to invest more in treatment compliance to avoid
emergency room admissions. Self-efficacy was compared using
guestionnairesin 2 of the 54 studies.

M easur es of M edication Adherence

The papers included in this review used both subjective and
objective approaches to determine whether patients took their
medication as prescribed. Among the 54 studies reviewed, only
39 reported how MA was measured. In 3 studies, MA was not
the primary outcome; instead, it was the secondary outcome
[30,31] or used as a measure for medication adjustment [32].
In 8 papers, two separate measures were simultaneously used
to determine MA, mainly to reconcile or verify with pharmacy
records or pill counts.

Among the 39 studies that reported how MA was measured,
self-reported valueswere used in 23 studies. Of these 23 studies,
12 used the Morisky Medication Adherence Scale (MMAS,
MMAS-1, MMAS-4, or MMAS-8), 7 studies asked the
participant to report whether they had taken the medication, and
1 study each used the 24-item Patient Medication Adherence
Questionnaire, Medication Adherence Report Scale, Morisky-
Green-Levine Measure of Patient Adherence to Medical
Regimens, and Hill-Bone Blood Pressure Therapy Compliance
Scale.

Objective MA criteria were used in 24 studies. None of the
reviewed studies used direct measures;, however, digital
medicine (DM) was used in 2 pilot studies. DM is created by
attaching an ingestible sensor to each pill that sendsasignal to
a wearable device when digested. With the help of precise
recording of ingestion, the 2 studieswere able to capturetiming
adherence (within £1 hour around the prescribed dosing time).
They were aso the only studies that measured ingestion
adherence. The most common MA measures were those based
on secondary database analyses, such as pharmacy records or
dispensing data (11 studies), where 6 studies used proportion
of days covered, 1 study used pharmacy refill rate [33], and the
remaining 4 studies either did not mention any specific equation
or proposed their own. Electronic pill boxes (ePill) or medicine
blisters were used in 7 studies, not always as a Medication
Events Monitoring System but mainly to count the number of
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pills/doses taken by the patient. Finally, manual pill count was
used in 4 studies.

M easures of Blood Pressure

BPwasthe most commonly reported primary outcome measure
(47/54 studies). Some studies compared the mean change in
BP, either self-measured or measured by a hedth care
professional following specific guidelines, between several time
points (eg, every month). Other studies reported the proportion
of patients with adequately controlled BP (eg, clinic BP
<140/90mmHg). There were a humber of studies that only
focused on systolic BP since most patients with hypertension
who are <65 years old have systolic or a combination of
systolic/diastalic hypertension and, for the majority, controlling
systolic BP also resultsin control of diastolic BP [34,35].

To make better treatment decisions, some clinicians prefer to
treat patients with hypertension based not only on the clinical
measurements but also on additional measurements such as
home BP monitoring. There were 21 studies in which patients
were provided with home BP monitoring to reduce the white
coat effect and allow for multiple and frequent readings, while
others measured it during the patient visit following specific
guidelines, such as the recommended measurement guidelines
from the American Heart Association [36].

Intervention Results: Blood Pressure and Medication
Adherence

We only report the DIs elicited from the reviewed studies. The
intervention result is not solely based on Dls, since several of
the studies considered amultifaceted intervention that included
DI as part of the main intervention. Therefore, the reported
intervention results in this section are based on al the
components of the reviewed interventions and not only DI
components. Sincewe only focused on BP and MA asthemain
outcomes, other outcomes are not reported here.

In total, 26 studies reported a significant reduction in BPR,
whereas 9 studies reported insignificant BP reduction in the DI

group.

Regarding MA, 10 studies reported insignificant MA
improvement, with 6 studies reporting a better MA rate among
patients during the intervention. Another 6 studies reported
significant BP reduction and MA improvement, and 2 studies
reported insignificant changesin both BP and MA.

There were more studies reporting a significant BP reduction
than reporting asignificant improvement in MA. Thismight be
because a greater number of studies focused on BP reduction.
It might also be due to standardized BP measurements and BP
asthefinal target of MA.

Theoretical Models and Constructs

Not all studiesreported atheoretical underpinning for their DIs;
65% (35/54) of the studies did not explicitly mention the
application of psychological theories, models, or principles to
their interventions.

Of the 19 remaining studies, the cited theories, models, or
principles were behavior change techniques (4/19 studies)
targeting patients’ psychological determinants[29], the Chronic
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Care Moddl (4/19 studies) to improve care delivery by
identifying essential components of the health care system [37],
the Social Cognitive Theory (4/19 studies) to change patients
behavior using their own experiences and observations of others
actions[38,39], the Health Belief Model [40] (/19 studies) that
is based on patients’ beliefs about the risks and perceptions of
the potential benefits of the actions [41], and the
Self-Determination Theory (2/19 studies) that highlights the
importance of humans' evolved inner resources for personality
development and behavioral self-regulation without external
influence and interference [42]. Two studies used the principles
of patient empowerment astheir underpinning cognitive model,
and 2 studies used the Common-Sense Model of Self-Regulation
[43] that explicates the processes involved in theinitiation and
maintenance of behaviors for mitigating illness threats.

Matrix of Change Objectives Components

To map the studies into the MoCO framework, we built the
matrix components inductively by reviewing the studies and
then mapped them to the corresponding cell in the matrix.

Here, we present an exampletoillustrate theinductive analysis.
The following process was performed for all the studies. All
the terms used will be presented further.

Frias et a [44] investigated the effectiveness of DM, in which
an ingestible sensor is attached to each medication that sends a
signal to a wearable sensor whenever digested. Through the
wearable sensor (ie, telemetric devices [TelDev]), physica
activity datacan also be collected, such as mean daily step count
and duration of physical activity and rest. The researchers
provided amobile application for patients and a Web portal for
physicians to visualize the DM data: MA, as indicated by
ingestion, and physical activity. The mobile device app aso
prompted the patient to take their medication as scheduled. In
brief, the following 3 DI components were used: DM data
visualization through the mobile app for patients, DM data
visualization through the Web portal for physicians, and
medication reminders through the mobile app for patients.

The first component provided visualization of MA adherence
and physical activity through amobile app for patientswith the
help of TelDev and DM. Without thisinformation, patientswere
not precisely aware of their medication intake history. Therefore,
this component targetsthe “lack of self-awareness’ determinant
and “taking medication” behavior through “mobile health
(mHealth)” and “DM.” The same interpretation occurs for
physical activity through the mobile app and the Tel Dev; hence,
the crossover of the “lack of self-awareness’ determinant and
“lifestyle management” behavior isaddressed through “ TelDev”
and “mHealth.”

The second component provided DM data visualization to
physiciansthrough aWeb portal . Thus, this component provides
additional information about the patient’s health statusand MA.
Regarding MA, the DI targetsthe“ clinical inertia” determinant
and the patient behavior of “taking medication” through “Web”
and “DM.” For physical activity data, the DI focuses on the
“lifestyle management” behavior of patients and the same
“clinical inertia’ determinant through “Web” and “TelDev” at
the health care team and system levels.
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The last component provides mobile app—based patient
reminders to take their medication. Thus, it targets the
“forgetfulness’ determinant for the patient behavior of “taking
medication” through “mHealth.”

Digital Intervention Delivery Modalities

We extracted all digital components of the interventions that
were ddivered in al 54 studies. We divided the delivery
modalities into the following categories:

« Phone (23 studies): phone cals, including manual (19
studies), Interactive Voice Response (3 studies), and
videoconferencing (3 studies)

«  Web (26 studies): Web-based platforms

+  SMS (13 studies)

« mHealth (16 studies): mHealth smartphone apps

« Email (16 studies)

« Electronic hedth records (EHR; 7 studies): EHR-based
software

«  Video (3 studies): non-Web-based educational multimedia
content

«  Com (2 studies): computer-based programs

« TelDev (8 studies): telemetric devices, including automatic
BP monitoring devices or automatic weighing scales

«  ePill (6 studies)

+ DM (2 studies)

Almost al the studies used a mix of these categories to deliver
their interventions. ePill and DM are means of measuring MA.
We include them in this categorization for two reasons. First,
they are a means of digitalization. With the help of these, one
can measure MA without manually entering medication intake.
Second, they can be considered an intervention factor, rather
than just monitoring, sincethe act of being observed, especialy
at such high fidelity, is almost certain to influence a patient’s
behavior. Two key factors should generally be considered when
discussing MA: monitoring and intervention [45]. Monitoring
refersto the meansthat can reveal whether the patient hastaken
the medication as prescribed, while intervention refers to the
toolsthat can be used to enhance MA or correct it once amistake
or drift is detected. The use of these electronic devices fulfills
both criteriato some extent. The same reasons apply toincluding
TelDev in this categorization.

Targeted Behaviors

The targeted patient behaviors to change through DI were
extracted from 54 studies and then we inductively categorized
them into the following:

PB1: obtain the correct prescription when needed
PB2: initiate/refill medication

PB3: take/ingest medication

PB4: interactive patient-provider communication
PB5: self-measurement

PB6: lifestyle management

PB7: get support from peers or family members

Two-way communication between the patient and provider
facilitates resolution of many issues regarding MA and BP
control [46,47]. Thiscommunication is always happening when
the patient visits the provider in person, but that is arelatively
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rare occurrence. However, through digital communication
channels, such as mHealth, the Web, SMS, phone, and email,
two-way communication can occur when the patient needs to
discuss something with the provider, but in a remote or even
offline manner.

Key Determinants

Although we only included studies that delivered a DI for
patientsregarding BP control or MA improvement, some studies
also simultaneously delivered a DI for the health care team or
health care system. Therefore, the key determinants, mainly
barriers, were investigated at these 3 levels. Then, we merged
the health care team and system levels, resulting in two of the
WHO categories:. patient level and health careteam and system
level.

At the hedth care team and system level, the following
determinants were extracted:

« HD1: limited software capability, including a limited
appointment system [18,48] and lack of record keeping in
EHR [30,49]

« HD2: lack of education, when the health care team had a
lack of information about adherence guidelines and general
health behavior recommendations or exhibited low
adherence to the guidelines [50,51]

« HD3: clinical inertia (aka therapeutic inertia), defined as
the failure of health care providers to initiate or intensify
therapy according to the current guidelines when treatment
goasareunmet [52] (eg, persistently elevated BP), resulting
from a combination of health care system, provider, and
patient factors [53] including patient factors of low MA
[54]. Accordingly, experts recommend MA assessment
prior to treatment intensification [55].

«  HD4: inadequate health workforce, which occurs when the
physician workload is high. Different studies discussed
whether to shift some of the workload to pharmacists,
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community health workers, or nurses or make use of
technology.

The latter two were the most targeted determinants.
Regarding the patient level, five determinants were extracted:

- PD1: low perceivedrisk to health, for which 2 studiesaimed
to create awareness of the disease risk factors [18,56]

- PD2: lack of education, which occurs when the targeted
barrier is a general lack of hedth literacy or
patient/family-based education regarding the different
disease conditions

- PD3: lack of self-efficacy, which occurs when the patient
barrier is related to alack of motivation or inefficiency in
decision making

«  PDA4: lack of self-awareness, which occurswhen the patients
are unaware of their health status recorded either in clinical
data (eg, EHR) during visitsto doctors or as self-measured
data (eg, MA, BP, physical activity)

- PD5: forgetfulness, which occurs when the barrier is
multiple medication management or a stressed and busy
life, when patients are prone to forget to take their
medication

Thelatter three were the most commonly targeted determinants
for behavior change in patients.

Matrix of Change Objectives

In the resulting MoCO, we listed the delivered Dlis in the
selected studies with respect to theintended behaviorsto change
and the targeted key determinant to improve BP control or MA
in patients.

Table 1 indicates the matrix for the patient level, and Table 2
illustrates the matrix for the health care team and system level.
Of the 54 studies, 63% (34/54) of the studies involved both
levels for the DI. We categorized the studies inside each cell
based on the delivery modalities.
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Table 1. Matrix of change objectives at the patient level, with the studies targeting medication adherence or blood pressure improvement in patients
with hypertension categorized by digital intervention delivery modality.

Patient behaviour ~ PD1? PD2P PD3° PD4Y  PD5®
pB1f
EHRY _h [49] - - =
Email — [31] — S —
PB2'
EHR — [48,49] [48] — —
mHealth — — — — [57]
sMs — — — — [18]
Web — [48,58] (48] — —
PB3*
Com [59,60] — — S —
DM™ — - — —
EHR — [49,61,62] — S —
Email — — [63] — [31,64]
epill" — — — — [64]
mHealth [33,65,66] [44,61,67,68] [69] — [18,33,57,61,66-71]
Phone [49,59-65,72-74]  [75] [48,58,63,74,76,77] — [32,64,72,75,78]
sMs [18] [18] [18,63,67,79] [18]  [18,30,50,63,64,67,77,79-81]
Video [74,82] — [74] — (78]
Web — [61,62] [48,83,84] — [61,85]
PB4°
Com [59,60] — [60] S —
EHR — [49,86] [48] S —
Email — [87] [58,63] — [84]
mHealth [65,69] [57] [70,88] S —
Phone [49,59-65,73,74]  [87] [48,58,60,63,74,76] — [32]
SMs — — — — [18,30,81]
Web [51] [51,60,86,87] [48,51,56,60,83] — [62]
PB5P
EHR — [61] — S —
Email [60,89] [31,87] [60] — [31,64,68,71,84,87,88]
mHealth [66] [57,61,66-68,71,86,88,90] [70,88] — [57,68,90]
Phone (73] [72,75,87] [48] — [68,75,87]
SMs — — [67] — [64,67,91,92]
TdDe/d — [67,68,85,90,93] [70,85] — [68]
Video [82] — — -
Web [31,60,85] [31,57,60,61,85,87,90,93] [31,48,58,60,83,90] [56]  [85]
PB6'
Com [59,60] — — — —
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Patient behaviour ~ PD12 PD2P PD3° PD4Y  PD5®
EHR — [58,61] — S —
Email [60,89] [93] [31,58,60,94] — [31]
mHealth [57,65,66,88,90]  [44,57,61] [57,61,70,81] — [57,61,81]
Phone [59-65,72,73,7595] [93] [48,58,76,96] — [75,94]
SMS [18,67] [18] [18,50,79,90] [18]  [90]
TelDev — [44] — R —
Web [31,51,60,85,88]  [61] [31,48,56,60,61,8390]  [56]  [61]

PB7°
mHealth — — [61] — [68]
Phone — [72,75] [75] — [75]
Web [51] [88] [51,61,88] S —

3PD1: patient-level determinant 1, low perceived risk to health.
bpD2: patient-level determinant 2, lack of education.

®PD3: patient-level determinant 3, lack of self-efficacy.

dPD4: patient-level determinant 4, lack of self-awareness.
€pDS5: patient-level determinant 5, forgetfulness.

PB1: patient behavior 1, obtain the correct prescription when needed.

9EHR: electronic health record.

PNo studies found.

PB2: patient behavior 2, initiate/refill medication.
JmHealth: mobile health,

kpB3: patient behavior 3, take/ingest medication.
lcom: computer-based programs.

MDM: digital medicine.

MePill: electronic pill boxes.

®PB4: patient behavior 4, interactive patient-provider communication.

PPBS5: patient behavior 5, self-measurement.

YTelDev: telemetric device.

'PB6: patient behavior 6, lifestyle management.

SPB7: patient behavior 7, get support from peers or family members.
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Table 2. Matrix of change objectives at the health care team and system level, with the studies targeting medication adherence and blood pressure
improvement in patients with hypertension categorized by digital intervention delivery modality.

Patient behaviour HD1? HD2P HD3® HD4
PB1°
EHR [49] _g — —
Email — — [31] —
mHealth" (30] — [30] [30]
Web — [50] [70,87] —
PB2
EHR [49] — — —
PB3
DMK — - [44,91] —
EHR [49] — [97] —
Email — — [64,75] [63,72]
epill! - — (64,76,77,97-99] _
mHealth — — [67,69] —
Phone — — [48,75] [58,63]
Web — — [31,44,48,69,70,77,91] [72]
PB4™
Com" — — — [59]
EHR [49] — — [86]
Email — — — [63]
Phone [49] — [7Q] [48,58,63]
sms [18] — — —
Web (48] — [90] [48,56,86]
PB5°
EHR — — [86] —
Email — — [64,67,75] [72]
mHealth — — [57,67,88,90] —
Phone — — [48,72,75] [67]
TelDeP — — (64,67,90,91] [93]
Web — — [31,48,57,60,70,86,88,90-92 [72,93]
PB6Y
Email — — — [72]
mHealth [30] — [29,57] [30]
Phone — — [48] [58]
TelDev — — [44,91] —
Web — [50] [44,48,87,90,91] [60,72]

8HD1: health care team and system-level determinant 1, limited software capabilities.

PHD2: health care team and system-level determinant 2, lack of education.

®HD3: hedlth care team and system-level determinant 3, clinical inertia (aka therapeutic inertia).
9HD4: hedlth care team and system-level determinant 4, inadequate health workforce.
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€PB1: patient behavior 1, obtain the correct prescription when needed.
EHR: electronic health record.

9No studies found.

AimHealth: mobile health,

ipB2: patient behavior 2, initiate/refill medication.

IpB3: patient behavior 3, take/ingest medication.

KDM: digital medicine.

lePill: electronic pill boxes.

MPB4: patient behavior 4, interactive patient-provider communication.
"Com: computer-based programs.

OPB5: patient behavior 5, self-measurement.

PTelDev: telemetric device.

9PB6: patient behavior 6, lifestyle management.

Discussion

Principal Findings

To more effectively develop DIs, which leads to more
personalized Dls, there is a need to review what has already
been developed to identify the gaps. In this paper, we created
a MoCO based on 54 reviewed studies to visualize the entire
set of previoudy delivered Dis as a self-explainable map.
Moreover, the map can be used to develop future DIs within
this domain. With the help of the matrix, we identified a
noticeable need to address the intent of the study regarding
which determinantsweretargeted, what behaviorsweretargeted
for change, and which components of DIs have been used.
Tailored interventions addressing each patient’s specific barriers
to adherence successfully achieve improved MA on a larger
scale [100].

Determinants targeted by the studies fell primarily into two
levels: patient and health care team and system. This agrees
with the results of a systematic review conducted by AlGhurair
et a [101] that showed underrepresentation of condition,
therapy, and socioeconomic barriers. Thus, there is still room
for improvement in DI design by targeting factors from levels
other than the patient level. However, according to a review
conducted by Klasnja and Pratt [102], health care provider
involvement is one of the five key intervention strategies that
have been used in phone-based interventions. This also agrees
with our inductive analysis, which showed that most of the DIs
targeting the patient level (63%) also targeted the health care
team and system level.

Using the IM technique can identify appropriate theories for
creating Dls. The DlIs that did not result in a significant
improvement in MA and BP control tended to lack an underlying
theory; infact, 65% of the reviewed studies did not mention the
use of theory, models, or principles in their intervention
planning, which supports the results from a systematic review
of mHealth intervention trialsthat concluded most interventions
failed to incorporate behavioral theories[103]. In contrast, the
10 studiesthat designed their intervention based on atheoretical
model were successful in achieving significant BP reduction or
MA improvement or a better rate of BP control or MA.

https://www.jmir.org/2020/4/e17201
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Most Targeted Change Objectives

The most commonly targeted change objectives in the matrix
were concentrated in the cross between the patient-level
determinant of forgetfulness and the taking medication behavior
(26/54 studies). One reason for this might be that remindersare
one of the easiest and least expensive Dls that can address this
change objective. The DIswere mainly delivered through SMS
or mHealth, which are considered to attract attention sooner,
compared to the Web or email. Moreover, it is less expensive
than ePill, is less invasive than DM, and requires less effort
from the health care team than phone calls.

The second most commonly targeted change objectives were
also patient-level determinants, namely a lack of self-efficacy
crossed with lifestyle management (22/54 studies) and a lack
of education crossed with lifestyle management (22/54 studies).
Lifestyleisan essential element in managing hypertension since
optimal therapy involves consideration of the patient’s diet,
exercise, tobacco and al cohol use, compliance, and achievement
of BP control [104]. The recent guideline for high BP
management also provides new treatment recommendations
including lifestyle changes aswell as BP-lowering medications
[105]. Furthermore, dietary risk factors are linked to poor
knowledge of hypertension [106]. Evidence has shown that low
self-efficacy isusually related to alow level of physical activity
[107] and poor MA [101].

Clinical inertia crossed with self-measurement behavior was
the third commonly cited change objective (20/54 studies).
Clinical inertia crossed with the taking medication behavior
was also found in many studies (17/54 studies). Clinical inertia
and MA are most definitely intertwined [108], despite being
two separateissuesin managing hypertension. Theresultsfrom
this review support this fact. Previous studies tried to increase
medication intake and self-measurement behaviors of patients
to overcome clinical inertia. However, no study focused on the
initiation or refill of medication crossed with the clinical inertia
determinant. This might be due to severa reasons, including
patients are provided with medications, patients already have
some medications, or the health care team can check medication
disbursement viaasystem (eg, pharmacy pickups). Nevertheless,
MA requirestheinitial purchase or refill of the medication; this
could be afocus of future interventions.
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L east Targeted Change Objectives

There were a number of determinants crossed with behaviors
to change that were not as commonly addressed by the studies,
leading to empty cells in the matrix. If empty cells belong to
the health care team and system level, it implies that none of
thereviewed studies developed aDI for both levelsconcurrently.
One might find a study that isfocused on DIs delivered only to
the health care team; however, it was not of interest for this
review and was not included. A clear example is many empty
cellsat thelack of education at the health care team and system
level. Only one study [50] had delivered DI to patients and
concurrently provided education through a Web portal for the
health care team. However, there were some empty cells that
were of no interest from a DI point of view. For example, no
studieswerein the initiation/refill medication behavior crossed
with lack of education at the health care team and system level
because providing education for the health care team to convince
patients to buy or refill their medication does not require a DI
or education.

Empty cells at the patient level warrant closer attention since
the focus of the review was patient-level DIs. Most empty cells
occurred for the get correct prescription when needed behavior.
Toimprove BP control, physicians often adjust antihypertensive
medication by increasing the dosage of drugs, switching
BP-lowering drugs, or combining different classes of
antihypertensive medications [109]. That is why this behavior
was targeted at all health care team and system-evel Dls but
barely at the patient level. Only 2 studies targeted this behavior
at the patient level, by increasing patient awareness about
elevated BP levels and the need for medication change.
However, future Dls can target some of the determinants from
the patient level such as alack of education.

Most of the included Dls did not involve support from family
members, especially at the health care team and system level.
Assistance and support from peers, family members, and friends
can help enhance patients' optimism and self-esteem, ease the
stress of being sick, calm depression caused by the disease, and

Etminani et d

improve sick-role behaviors, which can improve MA [110].
The limited social support indicates a gap that could be
addressed in future personalized Dls.

Limitations

Systematic reviews, as key elements in evidence-based health
care and research, should avoid selection bias. We identified
all therelevant studies published from 2008 to 2018 in PubMed.
Searching in one electronic database was possibly not theideal
option; however, the number of papers covering DIs delivered
to patientswith hypertension to improve BP control or MA was
extensive. Further, as PubMed is a broad database targeting the
area of interest, its use might reduce any selection bias.

To interpret the included articles, the reviewers rechecked and
discussed the contents in the framework to gain consensus.

Thedistinction between thefirst four patient-level determinants
was not always clear. Educational content can contain some
information about the risksaswell. Sincewe did not have access
to the content of the DIs and the authors did not always describe
them in detail, we categorized the DIs according to what was
reported in the published articles.

Conclusions

Thereis an increasing demand for the wide adoption of digital
toolsand interventionsfor patientswith hypertensionto improve
MA and BP control in the short term and quality of lifein the
long term. Toillustrate the analytic resultsin a self-explainable
map based on a common behavior change theory, we built a
MoCO using the IM framework. This process highlighted a
path for further research in DI design and development in pursuit
of MA and BP control in patients with hypertension.

This review highlights the need to design a multi-faceted DI
that can be personalized according to patient behavior(s) that
need to be changed to overcome the key determinant(s) and
considering different levels including patient and provider
involvement.
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Abstract

Background: The perinatal period is avulnerable time during which depression and anxiety commonly occur. If left untreated
or undertreated, there may be significant adverse effects; therefore, access to rapid, effective treatment is essential. Treatments
for mild-to-moderate symptoms according to a stepped-care approach invol ve psychoeducation, peer support, and psychological
therapy, all of which have been shown to be efficaciously delivered through digital means. Women experience significant barriers
to care because of system- and individual-level factors, such as cost, accessibility, and availability of childcare. The use of mobile
phones is widespread in this population, and the delivery of mental health services via maobile phones has been suggested as a
means of reducing barriers.

Objective: This study aimed to understand the extent, range, and nature of mobile health (mHealth) tools for prevention,
screening, and treatment of perinatal depression and anxiety in order to identify gaps and inform opportunities for future work.

Methods: Using a scoping review framework, 4 databases were searched for terms related to mobile phones, perinatal period,
and either depression or anxiety. A total of 477 unique recordswereretrieved, 81 of which werereviewed by full text. Peer-reviewed
publications were included if they described the population as women pregnant or up to 1 year postpartum and a tool explicitly
delivered via a mobile phone for preventing, screening, or treating depression or anxiety. Studies published in 2007 or earlier,
not in English, or as case reports were excluded.

Results: A total of 26 publications describing 22 unique studies were included (77% published after 2017). mHealth apps were
dightly more common than texting-based interventions (12/22, 54% vs 10/22, 45%). M ost toolswerefor either depression (12/22,
54%) or anxiety and depression (9/22, 41%); 1 tool was for anxiety only (1/22, 4%). Interventions starting in pregnancy and
continuing into the postpartum period were rare (2/22, 9%). Tools were for prevention (10/22, 45%), screening (6/22, 27%), and
treatment (6/22, 27%). Interventions delivered included psychoeducation (16/22, 73%), peer support (4/22, 18%), and psychological
therapy (4/22, 18%). Cost was measured in 14% (3/22) studies.

Conclusions:  Future work in this growing area should incorporate active psychological treatment, address continuity of care
across the perinatal period, and consider clinical sustainability to realize the potential of mHealth.

(J Med Internet Res 2020;22(4):€17011) doi:10.2196/17011
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Introduction

Background

The perinatal period, often defined as the period between
conception and up to 1 year after giving birth, is a vulnerable
time during which depression and anxiety commonly occur.
Depression and anxiety during this period of time affect 14.5%
and 13% of women, respectively, and these are comorbid among
8.1% of new mothers [1-3]. If left untreated or undertreated,
there are serious, adverse short- and long-term personal, social,
and economic consequences for the mother, child, family unit,
and society [4,5]. Access to prevention strategies, screening
tools, and rapid and effective treatment is essential.

During the perinatal period, effective treatments may include
pharmacological (ie, antidepressant) or psychological treatment,
depending on the severity of illness and individua treatment
preferences [6]. A stepped-care approach, reflecting
high-intensity treatment as illness severity progresses, is
recommended [7,8]. This involves a first step involving
psychosocial interventions (eg, psychoeducation and peer
support), followed by a second step to psychological therapies
for illness of mild-to-moderate severity, as well as
pharmacological and other biological treatments (ie,
antidepressants) as a third step for more severe and/or lasting
illness. The risks of antidepressant use in pregnancy are low
(selective serotonin reuptake inhibitors are first-line drugs in
pregnancy, but serotonin-norepinephrine reuptake inhibitors,
bupropion, and mirtazapine can also be used in some
circumstances) and must be weighed against the risks and
benefits of all other treatment options (eg, no treatment or
psychosocial, psychological, or pharmacological treatment alone
or in combination) [9,10]. System-level barriers to accessing
evidence-based care in this population include long wait lists
for specialty psychiatric care and cost and availability of
speciaists [11]. This population aso has unique practical
barriers to accessing care, such as the cost and availability of
childcare, transportation, and difficulty in scheduling
appointments around an infant’s often unpredictable needs
[12,13].

Electronic health (eHealth) isabroad term used to describe the
use of information and communication technologies for health,
under which falls mobile health (mHealth) [14]. mHealth
specifically relates to the use of mobile computing and
communication technologies for health purposes, and it may
include apps and text messaging—based (SMS) interventions as
well as wearable devices [15]. In some cases, these can be
developed and implemented at low cost [16]. These have the
potential to help address barriers to accessing care, partly as
they offer agreater level of portability and conveniencefor this
population in away that internet-based interventions designed
for access on stationary devices (eg, desktop and laptop
computers) cannot [17-19]. In high-income countries, mobile
phone ownership is greater than 90%; smartphone (ie, amobile
phone that can access the internet and mobile applications)
ownershipisashigh as 76%, with the highest rates of use among
those under 35 years (in other words, who areasoin their prime
reproductive years) [20]. It is increasingly common to
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exclusively access the internet via a mobile device [21]. Rates
of use and acceptance of mHealth interventions may differ based
on a variety of individual factors including age, location (eg,
developing country or not), and type of health outcome[22,23].

mHealth tools have the potential to be scalable, cost-effective,
and to simultaneously benefit individual patients and the health
care system [18,23]. To support mental health in the general
population, mHealth tools are used for appointment and
medication reminders, information and education, providing
support, and self-monitoring. These have also been found to be
effective at reducing symptomswhen delivering psychotherapy
and other behavioral interventions, although they have
historically been used outside of the heath care system
[17,24-27]. Psychological treatments, such as cognitive
behavioral therapy (CBT) and mindfulness, behavioral
activation, and interpersona therapy, are evidence-based
treatments that can be efficaciously delivered in person and in
digital formats, with emerging evidence to support their delivery
via mHealth tools [28-30]. mHealth tools could tailor these
interventions for perinatal populations to address the gaps in
accessing mental health care. Publicly available appsto address
postpartum depression were assessed to be of extremely low
information quality [27]. The ubiquity of mobile phones,
coupled with their potential to deliver effective psychosocial
and psychological interventions, makesthem apromising avenue
through which to address the barriers to care in the delivery of
mental health services among women with perinatal depression
and anxiety.

Objective

Given the high rate of comorbidities and their similar treatment
options, a comprehensive understanding of the current state of
mHealth tool sto support women with either perinatal depression
or anxiety would be helpful toinform potential future work, but
this understanding does not yet exist. The objective of this
scoping review was to summarize the extent, range, and nature
of academic literature about the use of mHealth tools for the
prevention, screening, and treatment of perinatal depression and
anxiety. Understanding the current state of the art through the
results of this review will help identify the gaps in knowledge
and practice, thereby informing opportunities for future work.

Methods

Study Design

A scoping review framework, defined by Arksey and O’ Malley
[31] and further developed by Levac et al [32], was used for
this study. A scoping review was the most appropriate manner
of assessing the breadth of the literature and identifying gaps
and opportunities for further work in this field [33].

Databases and Search Terms

Four databases (Medical Literature Analysis and Retrieval
System Online, EMBASE, PsycINFO, and Cumulative Index
to Nursing and Allied Health Literature Plus) were searched for
terms related to the following: (1) mobile phones, (2) the
perinatal period (eg, pregnancy, postpartum, antenatal, and
maternal), and (3) depression or anxiety (alone or in
combination). Each database wasindividually searched by title,
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abstract, keyword, and subject heading for relevant search terms.
A librarian specializing in systematic and scoping review search
strategiesreviewed the search strings. Rayyan (Qatar Computing
Research Ingtitute, Hamad bin KhalifaUniversity), a\Web-based
platform designed for data management for systematic reviews,
was used to manage citations and filter results [34].

Inclusion and Exclusion Criteria

Studies were included if they met the following criteria: (1)
defined the primary study population as women who were
pregnant or had given birth in the past 12 months; (2) defined
perinatal depression or anxiety as the outcome of interest for
the intervention; (3) described a study (through a protocol or
presentation of study results) related to atool intentionally and
primarily delivered through a mobile phone (including, but not
limited to apps, SMS text messaging—based interventions) for
the prevention, screening, or treatment of perinatal depression
and/or anxiety; (4) were published in a peer-reviewed journal;
and (5) intended to recruit (for study protocols) or reported a
study sample of >1. Studies were excluded if they met the
following criteria: (1) published in 2007 or earlier and (2)
published in alanguage other than English (because of resource
limitations in finding translations). The time restriction of
articles published after 2007 or earlier reflects the upsurge in
publications on mHealth care after this date, as a result of the
introduction of the Apple iPhone [15]. Both quantitative and
qualitative studiesweredigiblefor inclusion provided al other
criteriawere met.

Article Selection and Abstraction

Hand searches were conducted by one reviewer (NH-S) who
reviewed the reference lists of relevant scoping reviews,
systematic reviews, and meta-anayses, aswell asreferencelists
of al publications included in the study for any additional
relevant articles.

Two stages of iterative screening for article selection were
conducted [32]. In thefirst stage of screening after the removal
of duplicate articles, two reviewers (NH-S and AS)
independently assessed articles by title and abstract for potential
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inclusioninthe study. Any articlesthat were clearly not relevant
to this scoping review were excluded. In the second stage of
screening, the same reviewers independently applied inclusion
and exclusion criteria to al articles (including those found
through hand searching) based on a full-text reading of each
article. Both reviewersindependently conducted dataabstraction
using an iterative process. Discrepancies in decisions at each
stage were resolved through discussion and consensus. The
initial search was conducted in February 2019, for a period
spanning from 2007 to the search date. The search was updated
to ensure capturing any new publications made between
February 2019 and July 2019. These articleswere selected using
the same two-stage sel ection process described above.

Results

Selected Articles

The initial search of four databases yielded 673 results. An
additional 78 recordswereretrieved in the search update (Figure
1). Hand searching identified 2 additional records. After the
removal of duplicate publications, 477 publications (427 from
initial search, 48 from the search update, and 2 from hand
searching) were reviewed. On the basis of title and abstract, 396
articles were excluded, including 13 systematic reviews whose
reference lists were searched. Of the 81 publications reviewed
by full text, 55 publications were excluded (wrong population,
n=12; intervention targeting an outcome other than depression
or anxiety, n=14; nonmobile phone-based intervention, n=13;
not in English, n=1; review article, n=3; not peer reviewed, n=6;
and duplicate, n=4). Hand searching of thereferencelists of the
reviewsidentified in full-text screening identified no additional
relevant publications.

Overall, 26 publications (22 papers and 4 conference abstracts)
describing 22 unique studies were included in this review. Of
these publications, 5 were study protocols for which no results
were available. Studies varied by the type of technology used
(eg, SMS or app), purpose of the tool (eg, either prevention,
screening, or treatment), illness (eg, depression or anxiety), and
time point (eg, pregnancy and/or postpartum).

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

Initial database search
(February 2019%)
(n=673)

Search update
(August 2019)
(n=78)

Additional records identified
through other sources
(n=2)
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I

Records after duplicates removed
(n=477)

|

Records screened
(n=477)

Records excluded (n=396)

l

Full-text articles assessed for
eligibility
(n=81)

|

Studies included
(n=26 publications describing n=22
studies)

Full-text articles excluded (n=55):

*  Wrong population (n=12)

* Wrong outcome (n=14)

* Wrong intervention (eg, not an
mHealth tool; n=13)

+ Review article (n=3)

* Duplicate (n=4)

* Foreign language (n=1}

* Other (eg, case report, not peer-
reviewed, etc.; n=8)
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Population

Interventions were limited to be delivered either during
preghancy (7/22, 32%) [35-43] or in the postpartum period
(10/22, 45%) [44-54]. One intervention (4%) was designed to
be used during pregnancy or postpartum [55,56], and 2
interventions (9%) were designed to begin during pregnancy
and continue into the postpartum period [57,58]. For an
additional 2 studies (9%), the time period was unclear [59,60].
A total of 7 studies (32%) targeted their interventions to
marginalized populations with potentially higher needs as
compared with the general population. In all, 2 studies did so
through direct approaches and targeted recruitment to
low-income women and adol escent mothers[36,57]. A total of
4 studies did so indirectly by recruiting from centers that
predominantly service marginalized populations
[39,42,43,48,53,54]. One study indirectly included high-risk
populations by specifically noting that women who had given
birth to multiples or with an infant admitted to a neonatal
intensive care unit (NICU) would not be excluded, as those
mothersare at high risk for depression and anxiety [47]. Mothers
with high-risk pregnancies or infants admitted into the NICU
were often specifically excluded from other studies.

I ntervention Purpaose and Outcome

The purposes of the interventions in the included studies were
the following: (1) prevention (10/22, 45%; Multimedia
Appendix 1) [35-39,47,49,52,57,59], (2) screening (6/22, 27%;
Multimedia Appendix 2) [40-44,50,55,58], and (3) treatment
of perinatal mental illness (6/22, 27%; Multimedia Appendix
2) [45,46,48,51,53,60]. The mgjority of interventions focused
on depression only (12/22, 54%)
[36,37,40,41,44,46-48,50,51,53,54,58,60]; 1 study (1/22, 4%)
focused only on anxiety [35], and 9 studies (9/22, 41%) focused
on both illnesses[38,39,42,43,45,49,52,55,59]. Of the 10 studies
in which outcomes were reported, 7 studies (70%) reported a
positive impact on mental health [35,36,43,45,46,48,57]. Only
4 studies (4/22, 18%) measured long-term outcomes beyond a
postintervention survey.

Intervention Strategy

Overdll, there was a large variation in the types of strategies
used by each mHealth tool to achieve its intended purpose,
including psychoeducation (16/22, 73%), symptom monitoring
(7122, 32%), and/or peer support (4/22, 18%). A total of 4
studies (18%) used an active psychological therapy (CBT [2/22,
9%], mindfulness-based therapy [1/22, 4%, and attention bias
modification training [1/22, 4%]). In al, studies used other
strategies, including tracking movement (2/22, 9%) and
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encouraging exercise (1/22, 4%). Most studies involved a tool
that incorporated multiple strategies (11/22, 50%); most
frequently, it was psychoeducation in combination with another
strategy (9/22, 41%). One preventative study delivered
psychoeducation via SMS using text messages informed by
CBT principles, but it was specifically noted that it did not
deliver acomplete CBT intervention; therefore, this study was
counted as a psychoeducational intervention only [55,56].

A total of 6 studies (27%) included a component to help
facilitate communication with a health care provider
[42,43,50,53,54,58,60]. In all, 2 of these studies used passive
communication, where the onus lay on the mother to choose to
respond to an SM S text message to receive a phone call from
a nurse [47,53,54]. A total of 4 studies used more directive
communication with the health care provider, where an
automatic alert to a health care provider was sent if symptoms
were self-reported viathe symptom-monitoring questionnaires
delivered by app or SMS and were beyond an acceptable
threshold [41,50,58,60].

Study Phase and Research M ethodology

Publications described the various phases in the life cycle of
such toolsfrom design and devel opment (5/22, 23%), feasibility
and acceptability (16/22, 73%), to efficacy and effectiveness
(10/22, 45%). Multiple studies had information (through study
protocol or results) related to multiple phases of theintervention
life cycle. No publications described implementation, scalability,
and sustainability efforts. There are an increasing number of
efficacy/effectiveness studies over time (Table 1). Most studies
(13/22, 59%) solely described quantitative work, whereas only
1 study (1/22, 4%) described research that was solely qualitative
in nature. A total of 7 studies (7/22, 32%) described the use of
both quantitative and qualitative methods; 1 additional study
(1/22, 4%) was explicitly described as being mixed method.
Studiesweretypically designed asrandomized controlled trials
(RCTs; 9/22, 41%), quasi-experimental (6/22, 27%), or cohort
studies (3/22, 13%). Overall, 4 studies (4/22, 18%) incorporated
multiple study designs: a cross-sectional survey followed by a
guasi-experimental design, a cohort study followed by the
development of a machine learning—based agorithm, a
longitudinal cohort study culminating in an RCT, and a study
described as a qualitative design approach to the devel opment
of thetool and intervention.

Inall, 3 studies (3/22, 13%) included some measures related to
cost, although none provided any datato allow for acomparison
between the mobile tool and standard care.
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Table 1. Study phase over time, based on year of publication (N=22 studies).

Year? Design and development, n (%) Feasibility and acceptability, n (%) Effectiveness and efficacy, n (%)
2008 N/AP 1(4) N/A
2009 N/A N/A N/A
2010 N/A N/A N/A
2011 N/A N/A N/A
2012 N/A N/A N/A
2013 1(4) 1(4) 1(4)
2014 1(4) 2(9) N/A
2015 1(4) 1(4) N/A
2016 N/A N/A N/A
2017 N/A 2(9) 1(4)
2018 2(9) 5(23) 4(18)
2019 N/A 4(18) 4(18)

3N ote that multiple study phases are reported for some studies.
BNot applicable.

Setting

Of the 22 studies, 1 study (4%) was conducted in alower-middle
income economy (Kenya), 3 studies (13%) were conducted in
upper-middle income economies (China, Iran, and Thailand),
and the remaining studies (18/22, 81%) were conducted in
high-income economies (Australia, n=5; Canada, n=2; Spain,
n=1; the United Kingdom, n=1; and the United States, n=9), as
per their World Bank income group classification [61]. Studies
recruited women from acombination of hospitals (13/22, 59%),
community-based settings (7/22, 32%), and/or through other
means, such as social media or posters (4/22, 18%). One study
(1/22, 4%) did not report thisinformation. A total of 8 studies
(8/22, 36%) specifically noted that recruitment occurred in an
academic hospital or clinic.

Technology

There were more studies using apps (12/22, 54%) compared
with SMS-based tools (10/22, 45%) over time, and there was
anincreasein the number of studies published after 2017 (17/22,
77%). Half of the apps (6/12, 50%) were developed for both
iOS and Android devices or as a Web-app, and the other half
of the app-based studies either built tools for a single platform
(iOS or Android) or did not report this information. A total of
4 studies (4/22, 18%) wereexplicit in their use of auser-centered
design process.

Discussion

Principal Findings

This scoping review found 22 studies related to the prevention,
early detection or screening, or treatment of either depression
or anxiety in the perinatal period using mobile phones.
Interventions most frequently involved psychoeducation and
focused on the prevention of illness. Results highlight that
research into the use of mHealth tools to support perinatal
mental health care is growing and that there are key areas of
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focus, as described below, for researchers to explore in order
for the field to progress.

Results suggest that the potential for mHealth tools to improve
access to stepped mental health care for women with either
perinatal depression or anxiety is beginning to berealized. The
expanded use of mHealth to facilitate delivery of mental health
care is most appropriate for women experiencing
mild-to-moderate symptoms of depression and anxiety in the
perinatal period, which can be addressed using psychosocial
and psychological treatments according to a stepped-care
approach; the needs of the 11% of women with
moderate-to-savere symptoms requiring moreintensive clinical
management fall beyond the scope of what mobile tools can
provideon their own [62,63]. Interventionsin thisreview, which
used strategies such as psychoeducation and peer support, are
appropriate for prevention and to treat the 53% of women with
symptoms that are of mild severity [63]. Many women are
already using publicly available apps to access informational
support, despite evidence to suggest that the information
provided in these apps is incomplete [40,64-66]. The
development of mHealth tools in a manner that provides
accurate, reliable information and the generation of evidence,
as outlined in this review, to show they have the potentia to
efficaciously prevent or reduce mild symptoms of perinatal
depression and/or anxiety isan important positive step.

A major gap highlighted by this review isthat only afew tools
engaged in the delivery of active psychological therapies (eg,
CBT and mindfulness), despite evidence to support the
efficacious Web-based delivery of these therapies for general
mental health conditions, as well as the emerging evidence to
support their delivery via mobile apps [29,67]. These types of
strategies and interventions would be beneficial for the 36% of
women with postpartum depression who experience symptoms
of mild-to-moderate severity [63]. Internet-delivered
psychotherapies have lower dropout rates, lower cost, and
broader reach than in-person treatment, outcomesthat in theory

JMed Internet Res 2020 | vol. 22 | iss. 4 |€17011 | p.31
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

should be maintained or enhanced by mobile delivery, given
that it would also address additional practical barriers to care
in this population [68]. For example, the use of an artificial
intelligence chatbot to deliver a CBT intervention by SMS,
included in this review, addresses many challenges in the
delivery of perinatal mental health care by being accessible
24x7 to an unlimited number of patients, avoiding scheduling
and transportation issues for users and at the same time having
health care providers available to address issues beyond the
scope of the chatbot’s capacity (eg, talk of self-harm) [60]. In
a separate study, when given the option of accessing a peer
support group for postpartum women on the Web or through a
mobile app, 93.7% of the users opted to use the maobile app,
and usage data demonstrated that the majority of app use was
between 6 pm and 8 am—atime of the day during which health
care providers are not typically available [45]. Modern
technological capacity provides the opportunity to develop and
use mHealth tools that can address needs in a patient-centered
manner, and multiple studies highlighted the interest among
both health care professionals and women in the perinatal period
to be able to deliver and access mental health support in this
manner [69,70].

ChallengesWith Design, Evaluation, and Sustainability

Publications included in this review primarily described the
design and development of an mHealth tool or assessed
feasibility. The lack of scale and implementation studies
suggests they have yet to be operationalized and scaled for
widespread use, particularly in ascientifically rigorous manner.
There may be several reasons for this. First, thisis a growing
area of research, noted in that the majority of studies were
published after 2017 and in the increasing number of efficacy
and effectiveness studies over time. It is possible that these
efforts are underway but have not yet been described in the
literature. Second, assessing efficacy and effectiveness are
expensive and time-consuming endeavors, given that RCTs
have long been considered the gold standard for determining
the efficacy of clinical interventions. However, they are rigid
and lengthy to conduct, creating the risk that the tool could be
obsolete before scale and implementation can begin[71]. There
are calsfor the evaluation of mHealth tools, in general, and in
psychiatry, in particular, to move toward amodel of naturalistic
evaluation through the use of embedded continuous data
collection, in-app user surveys (ie, star rating systems for
modulesimmediately after use), and qualitativeinterviews, thus
enabling an evaluation that is more trandational in nature
[72,73]. Consideration should aso be given to focusing on
testing the principles of the intervention versus the technology
that is used to alow tools to adapt, while remaining adherent
to thetreatment embedded withinthem [74]. This could facilitate
rapid scale and implementation of mHealth tools.

The development of any tool with the potential to enhance
clinical practice and patient experience should idealy
incorporate factors that are likely to contribute to success and
sustainability. For eHealth tools, user-level factors related to
success are engagement with (eg, personal agency, motivation,
and values) and the quality of the intervention itself [75]. At
the system level, identified factors for success include those
related to improvementsin the quality of health care, including
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facilitating patient-provider communication and supporting
patient-centered care, whereasfactorsrelated to failure are often
relevant to cost, particularly the connection (or lack thereof)
between quality of care provided by such tools and their
system-wide cost savings [76]. Elements of patient-provider
communication were used in less than one-third of the studies
in this review, and only one study had a bidirectional chat
feature, allowing for ongoing two-way communication with a
provider [58]. In the same way that guided internet-based
therapies are more effective and have higher adherence than
self-directed internet-based interventions, attention should be
paid to the best ways of integrating the expertise and capabilities
of clinical providers into mHealth tools [77]. Publications
included in this review rarely incorporated information on the
cost or cost-effectiveness of the mobile tool in comparison with
standard of care. Given that both communication and cost have
been noted as key factors that influence sustainability, future
work should incorporate these elements into the design of the
tool and its evaluation.

Continuity of and Accessto Care

Toolsin this review address the need for mental health support
during either pregnancy or the postpartum period, but these did
not offer meaningful opportunitiesto provide continuity of care
across the perinatal period, during which symptoms of
depression or anxiety may ebb and flow [78]. Interventions
housed in an obstetrics clinic may only be accessible to women
currently accessing services, which typically end at 6 weeks
postpartum, before the highest-risk period for the onset of
symptoms of postpartum depression. Interventions based in
clinicsthat speciaizein the treatment of perinatal mental health
concerns might be available to women throughout the perinatal
period, but these are then limited to those who can be referred
to and access these limited services. Most studies included in
this review were based in urban, academic settings, which may
have led to the passive exclusion of women receiving maternal
carein the community (eg, fromamidwife) or in rural settings,
who may not otherwise have accessto specialty perinatal mental
health carethat ismorefrequently availablein academic centers.
Any conclusions made about these toolsare therefore potentially
limited in their generalizability to urban, academic contexts,
which may not reflect the perinatal population in general.
Delivery of mental health care servicesviamobiletools hasthe
potential to remove access barriersfor hard-to-reach populations,
particularly those outside of urban centers. Future work should
address these possibilities by engaging in the recruitment of
women with limited accessto treatment, in-person or otherwise.

mHealth tools have the potential to address gapsin health care
service delivery in low- and high-income economies alike;
however, most studies included in this review were conducted
in high-income countries. Further investigation is required to
understand the nature of mHealth tools being developed and
used in lower-middle income economies to address the mental
health needs of women in the perinatal period who may have
even more limited access to mental health support.

Just over half of thetools (12/22, 54%) included in this review
were apps and most were available on both iOS and Android
devices. No studies that used a single platform (ie, either iOS
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or Android, not both) reported their reasoning for doing so, but
thislikely reflects the high cost of app development and of the
smaller feasibility studies that are typically first required to
justify and secure funding for large-scale studies, scaling, and
wider implementation. Although mHealth has been widely
touted as a way to address barriers to care in perinatal
populations, restricting access to single platforms may impact
equitable delivery of services. Overall, however, increasing
smartphone ownership and availability of wireless internet
access in public spaces suggest that mHealth tools have the
potential to be delivered without restriction to those who have
internet access at home.

Strengths and Limitations

Strengths of thisreview areitsrigorous approach and inclusion
of an updated search to capture newly published literature.
However, this review did not assess interventions that were
available through public app stores and that may not have
undergone published scientific evaluation, even though these
would also reflect both the current state of mobiletoolsavailable
for women with perinatal depression or anxiety and the
implementation of toolsin the public domain. Because only an
estimated 6% of the health-based apps have an associated
scientific publication, such an endeavor isbest suited toitsown
study [79]. Such a search was beyond the scope of this review,
but it could be relevant for future work. This review also
excluded tools that were designed to be accessed on stationary
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devices (ie, computers) but which could, in practice, be accessed
on mobile devices. The exclusion of studiesin other languages
is an additional limitation that biases results to tools likely
located in Western, and predominantly English-speaking,
contexts.

Conclusions

Health systems worldwide lack the capacity to fulfill demand
for appropriate mental health care services: only 1in 10 women
needing mental health treatment in the perinatal period receive
it [80]. eHedlth, in general, and mHealth, in particular, have the
potential to address the significant barriers to care for women
with perinatal depression and/or anxiety and mitigate the
negative effects of untreated or undertreated mental illness
during this time. This review recommends that future work
should incorporate the use of active psychological treatment,
address the need for continuity of care across the perinatal
period, and include factors that affect long-term clinical
sustainability. Results of this review fill an important gap by
assi sting stakehol dersto understand the current state of evidence
based mHealth toolsfor perinatal depression and anxiety. These
results can be used to make informed decisions when
determining how to develop and implement new or existing
tools to fill gaps in knowledge. mHealth tools are part of the
future of health care delivery and represent an exciting
opportunity to evolve the ways in which psychiatric care is
delivered, particularly to women during this vulnerable time.
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Abstract

Background: Patient education is a crucia element within health care. It is a known predictor for increased engagement in
shared decision making, improved medication and treatment adherence, higher levels of satisfaction, and even better treatment
outcomes. Unfortunately, often patients only remember a very limited amount of medical information. An important reason is
that most patients are simply not capable of processing large amounts of new medical information in a short time. Apps for
smartphones and tablets have the potential to actively educate patients by providing them with timely information through the
use of push notifications.

Objective: The objective of this systematic review is to provide an overview of the effects of using smartphone and tablet apps
to educate patients with timely education. Within this review, we focused on patients that receive their care in a hospital setting.
We assessed the effects of the interventions on outcomes, such as patients’ knowledge about their illness and treatment, adherence
to treatment instructions and to medication usage, and satisfaction with the care they received.

Methods: A comprehensive search of MEDLINE (Medical Literature Analysisand Retrieval System Online), Embase, CINAHL
(Cumulative Index to Nursing and Allied Health Literature), and Web of Science was conducted. Randomized controlled trials
(RCTS) published between January 2015 and November 2019 were eligible for inclusion. Two reviewersindependently searched
and screened articles, assessed study quality and risk of bias, and extracted the data. Due to the heterogeneity of populations,
interventions, and outcomes, a meta-analysis was not deemed appropriate. Instead, a narrative synthesis is presented.

Results: A total of 21 RCTs with 4106 participants were included. Compared to usual care, overall effectiveness of the
interventions was demonstrated in 69% of the outcomes. Effectiveness increased to 82% when the intervention had a duration
shorter than one month and increased to 78% when the intervention provided at least one push natification per week. The
interventions showed the highest effects on satisfaction with information, adherence to treatment instructions and to medication
usage, clinical outcomes, and knowledge.

Conclusions; This review demonstrates that educating patients with timely medical information through their smartphones or
tablets improves their levels of knowledge, medication or treatment adherence, satisfaction, and clinical outcomes, as well as
having a positive effect on health care economics. These effects are most pronounced in interventions with a short duration (ie,
less than amonth) and with a high frequency of messagesto patients (ie, once per week or more). With the knowledge that patient
education is a predictor for improved outcomes and the fact that patients have obvious difficulties processing large amounts of
new medical information, we suggest incorporating the delivery of timely information through smartphone and tablet appswithin
current medical practices.

(J Med Internet Res 2020;22(4):€17342) doi:10.2196/17342
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Introduction

Methods

Patient education isacrucial element within health care. Health
care professional s provide patients with information about the
origins of complaints, treatment options, prognosis, how to
prepare for treatment, or how to manage one's health during
the recovery phase. Health care professionals educate their
patients because knowledge is a known predictor for increased
engagement in shared decision making, improved medication
and treatment adherence, higher levels of satisfaction, and better
outcomes[1,2].

Unfortunately, patients often only remember a limited amount
of the medical information they receive. Many different factors
contributeto this. Some of these factorsarerelated to the health
care professional, such as using jargon or communicating in a
passive way. Other factors are related to the patient, such as
age, learning style, and stress [3]. Another important reason is
the fact that most patients are simply not capable of processing
large amounts of new medical information in a short amount
of time[4].

During the last decade, smartphones, tablets, and apps have
become commonplace in our society. These innovations offer
many new opportunities within health care, such as optimizing
the process of patient education. Apps, for example, allow
patients to look at medical information as often as they like, at
any place, and at any time. The information is comprehensive
and different modes of information delivery and interaction are
available. Furthermore, push notifications alow heath care
providersto actively educate patients with timely information,
which, inthisreview, isdefined as providing patients with small
pieces of information at the time that these are actually relevant
to them.

Although interventionslike these appear to have much potential
in alowing patients to better understand and to remember
medical information, an overview of al available evidence on
the effectiveness of these technologies has thus far not been
published. The objective of this systematic review isto provide
an overview of the effectiveness of educating patients by
providing timely information using smartphone and tabl et apps.
With this systematic review, wefocused on patientsthat receive
care in a hospital setting rather than in primary care. We have
chosen to do so since projects in primary care have already
demonstrated effectiveness of electronic health (eHealth) apps,
but these primarily focused on chronicaly ill patients from a
population perspective and on telemonitoring services from an
intervention perspective.

In this paper, we assess the effects that these interventions have
on outcomes, such as patients' knowledge about their illness
and treatment options, adherence to medication or instructions,
and satisfaction with the information or the care they received.

http://www.jmir.org/2020/4/e17342/

Search Strategy and Data Sour ces

To identify relevant studies, we used atwo-step strategy. First,
we conducted a preliminary search in PubMed to identify key
articles, relevant keywords, and Medical Subject Headings
(MeSH) terms. The second step was to have the search strategy
be peer reviewed by an information specialist from the Radboud
academic medical center's medical library. Multimedia
Appendix 1 shows the search strategy for the final search. We
comprehensively searched thefollowing databases: MEDLINE
(Medical Literature Analysis and Retrieval System Online)
(Ovid); Embase (Elsavier); CINAHL (Cumulative Index to
Nursing and Allied Health Literature) (EBSCO); and Web of
Science. Relevant systematic reviews were also assessed for
gigible articles. In order to compare the effectiveness of
interventions, we preferred to only include randomized
controlled trials (RCTS). Since we were unsure about the number
and quality of RCTSs, our primary search also included cohort
and quasi-experimental studies. After assessing the number and
quality of RCTs, wedecided to only includethesein thereview.
Reporting was donein accordance with the PRISMA (Preferred
Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines[5].

Based on the results of our preliminary search, we deliberately
limited our search to articles published between January 1, 2015,
and November 1, 2019, as the interventions described before
this period did not meet the eligibility criteriaor could no longer
be repeated since the technique was outdated or no longer
available. We searched for papers in English and looked at
reference lists of included studies to optimize our search.

Eligibility Criteria

RCTswereincluded if they met anumber of eligibility criteria:
(1) interventions had a focus on patient education through a
smartphone or tablet app, used in a hospital setting; (2)
interventions had to use push notifications to actively notify

patients about newly available information in the app; and (3)
the intervention had to be available for multiple days.

We excluded trials that focused solely on the acceptance or
feasibility of technology, content or design of the intervention,
availability in app stores, telemedicine (ie, remote care),
websites or online platforms, or trials that only described the
usage of an SMS. Furthermore, articles focusing on data
collection, security, behavior or characteristics of patients, and
health care professional swere excluded, aswere study protocols.
Studies were not excluded on the basis of sociodemographic
characteristics of patients, such asage, gender, ethnicity, or any
other related characteristic.

Data Selection, Extraction, and M anagement

The search results from different electronic databases were
combined within asingle Endnotelibrary, version 8.2 (Clarivate
Analytics), and duplicates were removed. Two reviewers (TT
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and LJ) independently screened titles and abstracts to identify
studies that potentially met the inclusion criteria. The full text
of these articles was retrieved and read. Two review authors
(TT and LJ) independently assessed these articles against the
eligibility criteria and extracted the data from the included
studies using a structured data extraction form. Disagreements
were resolved through discussion and, if necessary, a third
reviewer (RBK) was consulted. We extracted information about
the patient popul ation, outcomes, interventions, controls, results,
and outcome measures.

Assessment of Risk of Bias

Two reviewers (TT and LJ) independently assessed the risk of
bias of included RCTs using the Cochrane Collaboration’s risk
of biastool [6]. Judgements concerning therisk of biasfor each
study were classified as high, some concerns, or low.

Data Synthesis

Included studies were insufficiently homogenous in terms of
patient population, outcomes, and type of intervention. The
decision not to perform ameta-analysis was made as a consensus
by all authors. For any outcome that was investigated in three
or more studies, we present a narrative synthesis of results. In
order to compare the effects of the different interventions over
the different studies, a standardized mean difference (SMD) is
reported, including the 95% ClI for the effect. SMD is reported
only when results are normally distributed and mean and SD
are available. The magnitude of the effect is interpreted
according to Cohen’s guidelines: small (SMD is 0.2 or lower),

Timmerset a

medium (SMD is between 0.2 and 0.8), or large (SMD is 0.8
or higher) [7].

Furthermore, we created a narrative synthesis of overall results
per outcome in relation to the duration of the intervention or
the frequency with which messages were sent to the patient.
Therefore, the duration of the intervention was subdivided into
short (<1 month) and long (=1 month). The frequency of
messaging was subdivided into high (>1 message per week) or
low (<1 message per week). The relative effectiveness was
calculated by dividing the total number of participantsin studies
that demonstrated an effect for the outcome by the total number
of participants in studies linked to the outcome. Finally, a
weighted overall effect was calculated summarizing all
outcomes, specified for the duration of the intervention and the

frequency of messages.

Results

Overview

Our searches yielded atotal of 5497 articles from which 2041
unique articleswere derived. After screening titlesand abstracts,
1970 recordswere excluded. A total of 71 articleswere assessed
for eligibility by full-text screening. A total of 50 articleswere
excluded after full-text reading because of study type (ie, cohort,
guasi-experimental, or other) or because the intervention used
did not actually deliver timely education. Intotal, 21 RCTswere
included in the review, including 4106 participants (see Figure
1). Sample sizes ranged from 34 participants [8] to 650
participants [9].

Figurel. PRISMA (Preferred Reported Items for Systematic Reviews and Meta-Analyses) flowchart. RCT: randomized controlled trial.

Records identified through
electronic database searching

{n=5497)

Duplicates removed

(n=3456)

Titles and abstracts screened
(n=2041)

Records excluded (n=1970)

- Acceptability or feasiility (n=149)

- Content or design (n=183)

= Telemedicine / remote care (n=120)
- Website / online platform (n=121)

- Only SMS (n=54)

- Data collection (n=82)

Full-text articles of RCTs focused
on educating patients with timely
information by using smartphone
and tablet apps
(n=T71)

- Security / privacy (n=84)

- Characteristics of patients (n=57)

- Qutside hospital setling (n=102)

- No abstract available (n=66)

- Research protocol (n=130)

- Focus on health care provider (n=67)
- Medication usage (tablets) (n=151)

- Technoloegy implementation (n=989)

- Other (n=505)

Full-text articles excluded (n=50)

- RCT (n=38)

Studies included in the review
(n=21)
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Included Studies: Study Designs and Populations

Nine studies were conducted in Europe[10-18], four studiesin
North America [8,19-21], five studies in Asia [9,22-27], and
one study in Africa[28]. In total, 4106 patients participated in
the studies. Studies were divided over many different medical
departments. gastroenterology [9,18,22,24,28], orthopedics
[10,12,13], cardiology [17,20,25,26], oncology [21], surgery
[11,19,23], urology [16], internal medicine[27], sportsmedicine
[14], pulmonary disease [8], and neurology [15]. Six studies
used asocia mediaplatform asthe medium for theintervention
[9,22-24,26,27]. Eight studies used apps that were aready
commercially available[10,12-14,16,17,19,20] and five studies
used apps that were developed specifically for the study
[8,18,21,25,28]. A total of five interventions that were used
provided the possibility to interact with a health care provider
[9,22,26-28].

http://www.jmir.org/2020/4/e17342/

RenderX
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Two studies included detailed information about the content
and timing of notifications used in the intervention [10,17] and
eight provided some detailsor images[9,12,13,15,21,22,25,28].
Regarding the phase of the treatment in which the study was
conducted, seven studies focused on the period before the start
of the treatment [9,12,18,21,22,24,28], 12 studies focused on
the period after the start of the treatment
[8,10,11,13-16,19,20,25-27], and one focused on both [23].

Details of the population, type of intervention, outcomes, and
mean age of participants are presented in Table 1. The details
of theinterventions used, their duration, phase of the treatment,
and frequency of notifying patients are presented in Table 2.
Anoverview of all the measurement instruments used per study
to assess these outcomes can be found in Multimedia A ppendix
2.
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Table 1. Details of the publications, interventions, outcomes, and populations.
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Study Year Country Department Population (n) Age (years), Outcomes
mean
Wang [22] 2019 China Gastroenterology  Colonoscopy (392) 52 Bowel preparation adherence, quality of
preparation, adenoma detection, and satis-
faction
Timmers[10] 2019 Netherlands  Orthopedics Kneereplacement (212) 65 Pain, QoL2 physical functioning, satisfac-
tion, and health care consumption
Mata[19] 2019 Canada Surgery Colorecta surgery (97) 60 Recovery protocol adherence, length of stay,
complications, and satisfaction
Li [23] 2019 China Surgery Pediatric day-care 4P Quality of recovery, satisfaction, and time
surgery (127) consumption during follow-up
Jeon [24] 2019 South Korea  Gastroenterology Colonoscopy (281) 48 Bowel preparation adherence, quality of
preparation, and adenoma detection
Van der Meij [11] 2018 Netherlands  Surgery Abdominal surgery 52 Return to work, first return to normal activ-
(344) ity, physical functioning, QoL , and satisfac-
tion
Timmers[12] 2018 Netherlands  Orthopedics Kneereplacement (213) 62 Knowledge, mobile device proficiency,
treatment chosen, and satisfaction
Najafi Ghezeljeh 2018 Iran Cardiology Hypertension (100) 65 Hypertension self-management
[26]
Hardt [13] 2018 Germany Orthopedics Knee replacement (60) 65 Range of motion, pain, and physical func-
tioning
Alanzi [27] 2018 Saudi Arabia Internal medicine Diabetes mellitus (92)  4¢¢ Knowledge and self-efficacy
Widmer [20] 2017 United States  Cardiology Cardiac rehabilitation 64 In-person hospital visits, clinical values,
(80) QoL, and mood
Asklund [16] 2017 Sweden Urology Stress urinary inconti- 45 Symptom severity and QoL
nence (123)
Sharara[28] 2017 Lebanon Gastroenterology  Colonoscopy (160) 53 Bowel preparation adherence, quality of
preparation, and satisfaction
Perry [8] 2017 United States Pulmonary diss  Asthma (34) 15 Asthma control and expiratory volume
ease
Lee[21] 2017 United States  Oncology Breast cancer (120) 52 Knowledge, readiness for mammography,
and satisfaction
Lakshminarayana 2017 United King- Neurology Parkinson disease (158) 60 Medication adherence, QoL, quality of
[15] dom consultation, anxiety and depression, and
beliefs about medication
Guo [25] 2017 China Cardiology Atrid fibrillation (209) 68 Knowledge, QoL, adherence, and satisfac-
tion
VanReijnen[14] 2017 Netherlands  Sportsmedicine  Ankle trauma (220) 38 Incidence of ankle sprains, residual pain,
and ankle disability
Kang [9] 2016 China Gastroenterology  Colonoscopy (650) 45 Bowel preparation adherence and compli-
ance with instructions
Johnston [17] 2016 Sweden Cardiology Myocardial infarction 57 Medication adherence, satisfaction, and
(174) QoL
Lorenzo-Zuniga 2015 Span Gastroenterology  Colonoscopy (260) 50 Bowel preparation adherence and satisfac-

(18]

tion

8QoL: qudlity of life.

bAge of the children who underwent surgery. In the study, their parents (age not mentioned) used the app and provided the data.
CStudy only reports that 75% of the participants were 41 years or older.
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Table 2. Detailsand duration of the interventions used, frequency of notifying patients, and treatment phase.

Study

Year

Country

Intervention and control

Duration

Notification frequency  Treatment phase®

Wang [22]

Timmers [10]

Mata[19]

Li [23]

Jeon [24]

Van der Meij
[11]

Timmers [12]

Najafi Ghezel-
jeh[26]

Hardt [13]

Alanzi [27]

Widmer [20]

Asklund [16]

Sharara[28]

2019

2019

2019

2019

2019

2018

2018

2018

2018

2018

2017

2017

2017

China

Netherlands

Canada

China

South Korea

Netherlands

Netherlands

Iran

Germany

Saudi Arabia

United States

Sweden

Lebanon

Dietary preparation through the WeChat plat-
form in the days before colonoscopy, as well
as timing and usage of the bowel preparation
solution; possibility to ask questions as well

Control: Standard written information

Day-to-day information and videosthrough an
app on pain, wound care, physiotherapy exer-
cises, medication usage, and self-carein the
early postoperative phase after total knee re-
placement

Control: Simplified version of the app with
only basic information

Recovery targets and educational information
through an app on how to achieve them in the
first days after surgery

Control: Standard written instructions
Recovery education through the WeChat plat-
form in the days before and after surgery
Control: Telephone call by nursing staff
Self-management education through the

WeChat platform in the days before
colonoscopy by using videos

Control: Standard written information

Personalized eHealth? program through an app
for patients undergoing abdominal surgery

Control: Placebo website with standard recov-
ery advice

Subdivided and interactive information through
an app in the week prior to the consultation
with an orthopedi ¢ surgeon because of possible
knee osteoarthritis

Control: Standard information on website
Self-management education through the Tele-
gram platform in the weeks after hospitaliza-
tion

Control: Standard written information
Postoperatively app-based, feedback-con-
trolled, active muscle training program
Control: Standard physiotherapy sessions
Diabetes mellitus education through the

WhatsApp platform (eg, signs and symptoms,
diet, and exercises)

Control: Standard written information
Reporting of dietary and exercise habits

through an app, aswell as educational informa-
tion on lifestyle during cardiac rehabilitation

Control: Web-based platform
Treatment program for pelvic floor muscles

and information about stress urinary inconti-
nence and lifestyle through an app

Control: Standard written instructions
Dietary preparation through an app in thedays

before colonoscopy, as well astiming and us-
age of the bowel preparation solution

Control: Standard written instructions

3 days

28 days

2-4 days

2-4 days

3 days

3 months

7 days

6 weeks

4 days

8 weeks

3 months

3 months

4 days

Daily Pre

Daily Post

Daily Post

Daily Pre/post

Daily Pre

Weekly Post

Daily Pre

Weekly Post

Daily Post

Weekly Post

Occasionaly Post

Daily Post

Daily Pre
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Study

Year

Country

Intervention and control Duration

Notification frequency  Treatment phase®

Perry [8]

Lee[21]

L akshmi-
narayana[15]

Guo [25]

Van Reijnen

[14]

Kang [9]

Johnston [17]

Lorenzo-Zuni-
ga[18]

2017

2017

2017

2017

2017

2016

2016

2015

United States

United States

United King-
dom

China

Netherlands

China

Sweden

Spain

Education on medication usage and peak flow 6 months
or asthma logging through an app

Control: Standard written instructions

Personal, tailored multimedia messages 7 days
through an app to prepare women for breast
cancer screening

Control: Standard written instructions

Reminding patients about medication usage, 4 months
tracking of self-management skills, and educat-
ing patients about Parkinson disease through

an app
Control: Standard written instructions

Educational program about atrial fibrillation 3 months
and how to self-manage at home

Control: Standard written instructions

Neuromuscular training program throughan 2 months
app for athletes who suffered a sprained ankle

Control: Standard written instructions

Dietary preparation through the WeChat plat- 4 days
form in the days before colonoscopy, as well

as timing and usage of the bowel preparation

solution; possibility to ask questions as well

Control: Standard written instructions

Educational messages based onthedatapa- 6 months
tients had registered about their medication

usage

Control: Simplified version of the app with

only basic information

Dietary preparation through an appinthedays 4 days
before colonoscopy, as well astiming and us-
age of the bowel preparation solution

Control: Standard written instructions

Occasionaly

Daily

Occasionaly

Occasionaly

Occasionaly

Daily

Weekly

Daily

Post

Pre

Post

Post

Post

Pre

Post

Pre: before the start of the treatment; post: after the start of the treatment.
PeHealth: electronic health.

Risk of Bias of Included Studies

All 21 included studies were assessed for risk of bias in the
following domains:; selection of the reported result, measurement

of the outcome, missing outcome data, deviationsfromintended  Figure 3.
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interventions, and randomization process. The levels of
risk—low, some concerns, or high—per study, per domain are
presented in Figure 2. An overview of the percentage of studies
related to the level of risk and domain of bias is presented in
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Figure 2. Leve of risk of bias, per study, per domain.
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Figure 3. Risk of bias presented as the percentage of studies with low risk, some concerns, or high risk, scored for the different domains of bias.

Overall bias

Selection of the reported result

Measurement of the outcome

Missing outcome data

Deviations from intended interventions

Randomization process
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Overview

Characteristics of the included studies are presented per
outcome. Per study, the effect of theintervention on the outcome
is described as in favor of the intervention group, in favor of
the control group, or no effect.

Satisfaction

A total of 12 RCTs [10-12,15,17-19,21,22,25,28], in which
2466 patients partici pated, reported resultsrel ated to satisfaction.
Two main themes emerged from these studies: satisfaction with
the information provided [10-12,17,19,21,28] and satisfaction
with the overall care that was delivered [10-12,18,22,25] (see
Table 3).

Regarding patients’ satisfaction with the information, an effect
in favor of the intervention group was demonstrated in eight
out of 10 studies. Interventions included an app that was used
to educate patients about the preparation for their colonoscopy
[28], consultation with an orthopedic surgeon [12], postoperative
self-management after knee replacement surgery [10], breast
cancer screening [21], healthy lifestyle interventions in

http://www.jmir.org/2020/4/e17342/

40 50 60 70 80 90 100 %

Some concerns M High risk

myocardial infarction patients [17], and return to normal
activities after abdominal surgery [11]. One study, which
focused on enhanced recovery education after colorectal surgery
[19], showed no difference in terms of satisfaction between the
intervention and control groups. SMD ranged from medium to
large in five studies [10-12,17,21] and could not be calculated
for the two other studies.

Regarding patients' satisfaction with the overall care they
received, an effect in favor of the intervention group was
demonstrated in four out of eight studies. These studies
measured the patient-perceived level of involvement by the
hospital after discharge [10], satisfactory bowel preparation
[22], satisfaction with anticoagulation therapy [25], level of
patient-centered care in Parkinson disease [15], and overall
experience with the bowel preparation process[18]. Three other
studies showed no differences between groups in patients
overall satisfaction with care related to abdominal surgery [11],
patients satisfaction related to the consultation with their
orthopedic surgeon [12], and patients' overall satisfaction with
the recovery process after pediatric surgery [23]. SMD ranged
from small to largein six studies[10-12,15,18,22,25] and could
not be calculated for the other study.
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Table 3. Details about patients' satisfaction.
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Satisfaction type and study Population (n) Description® Effect? SMDC (95% CI)
Satisfaction with information provided
Van der Meij [11] Abdominal surgery (344) Personalized information on activity — + 0.43 (0.22 t0 0.65)
resumption
Lee[21] Breast cancer (120) Breast cancer screening instructions  + 0.55 (0.19 to 0.90)
Sharara[28] Colonoscopy (160) Bowel preparation + SMD could not be calcu-
|ated®
Mata[19] Colorectal surgery (97) Postoperative adherence protocol = SMD could not be calcu-
lated®
Timmers[10] Knee replacement (212) Education on pain management, exer-  + 0.97 (0.68t0 1.27)
cises, and self-care
Timmers[12] Knee replacement (213) Level of knowledge about treatment ~ + 0.54 (0.26 t0 0.82)
options
Timmers[12] Knee replacement (213) Preparation for medical consultation — + 0.70 (0.42 t0 0.98)
Johnston [17] Myocardial infarction (174) Overall satisfaction with the app + 0.56 (0.23t0 0.88)
Satisfaction with care received
Van der Meij [11] Abdominal surgery (344) Overall satisfaction with carereceived = 0.20 (-0.01t0 0.41)
Guo [25] Atrid fibrillation (209) Overall satisfaction with carereceived + 0.58 (0.15 to 1.00)
Wang [22] Colonoscopy (392) Colonoscopy treatment itself + SMD could not be calcu-
|ated"
Lorenzo-Zuniga[18] Colonoscopy (260) Overall satisfaction with carereceived + 0.78 (0.52t0 1.04)
Timmers[10] Knee replacement (212) Hospital involvement during recovery  + 0.89 (0.60to 1.19)
Timmers[12] Knee replacement (213) Medical consultation with orthopedic = 0.29 (-0.02t0 0.58)
surgeon
Lakshminarayana[15] Parkinson disease (158) Overall satisfaction with carereceived + 0.35(0.03t0 0.67)
(Patient-Centered Outcomes Question-
naire for Parkinson’'s Disease)
Li[23] Surgery (127) Overall quality of recovery = 0.20 (-0.15t0 0.55)

8Al| items were patient reported versus clinician reported.

PEffects were in favor of the intervention group (+) or there were no effects (=). No study had effectsin favor of the control group (-).

€SMD: standardized mean difference.
doutcome only measured in intervention group.
®No SD available (only average and P value).
Nonnormal distributed data.

Adherence

A total of 11 RCTs [9,15,17-19,22,24-28], in which 2573
patients parti cipated, reported resultsrelated to adherence. Two
main themes emerged from these studies; adherenceto trestment
instructions[9,18,19,22,24,26-28] and adherence to medication
usage [15,17,25] (see Table 4).

Regarding patients adherence to treatment instructions, an
effect in favor of the intervention group was demonstrated in
five out of eight studies, focusing on patients’ self-management
in diabetes mellitus [27], hypertension [26], and adherence to
purgative and dietary instructions for bowel preparation before
their colonoscopy [9,22,24]. No differences between groups
were reported in two other studies focusing on preparation for
colonoscopy [18,28] and a postoperative recovery program after

http://www.jmir.org/2020/4/e17342/

colorectal surgery [19]. SMD ranged from small to large in six
studies [9,18,24,26-28], was negative in one study [19], and
could not be calculated for the other study.

Regarding patients adherence to their medication usage, an
effect in favor of the intervention group was demonstrated in
all three studies addressing this theme. These studies focused
on drug adherence in Parkinson disease [15], anticoagulation
adherence in patients who suffered from atrial fibrillation [25],
or myocardial infarction [17]. With regard to the | atter, patients
in the intervention group reported lower missed medication
doses. However, the same study also reported that there were
no differences between groups in results related to the
medication adherence questionnaire that was assessed. SMD
ranged from small to medium in two studies [15,17] and could
not be calculated for the other study.
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Table 4. Details about patients’ adherence.
Adherence type and study Population (n) Description? Effect? SMDE (95% CI)
Adherencetoinstructions
Wang [22] Colonoscopy (392)  Purgative and dietary instructions for bowel + SMD could not be
preparation (CR) calculated®
Jeon [24] Colonoscopy (281)  Purgative and dietary instructions for bowel + SMD could not be
preparation (PR) calculated®
Jeon [24] Colonoscopy (281)  Clinical Bowel Preparation score (CR) + 0.28 (0.05t0 0.52)
Sharara[28] Colonoscopy (160)  Purgative and dietary instructions for bowel = SMD could not be
preparation (PR) calculated”
Sharara[28] Colonoscopy (160)  Clinical Bowel Preparation score (CR) = 0.12 (-0.19t0 0.43)
Kang [9] Colonoscopy (650)  Purgative and dietary instructions for bowel + 0.51 (0.37 to 0.66)
preparation (CR)
Lorenzo-Zuniga[18] Colonoscopy (260)  Purgative and dietary instructions for bowel = 0.16 (-0.08t0 0.42)
preparation (CR)
Mata[19] Colorectal surgery  Postoperativerecovery elements(eg, mobilization) = —0.13 (-0.52t0 0.26)
(97) (PR)
Alanzi [27] Diabetes mellitus Self-efficacy in diabetes mellitus + 0.78 (0.36 t0 1.21)
(92)
Najafi Ghezeljeh [26] Hypertension (100) Hypertension self-management (PR) + 6.78 (5.3410 8.21)
Adherence to medication
Lakshminarayana[15] Parkinson disease Parkinson disease drug adherence (PR) + 0.37 (0.05t0 0.68)
(158)
Guo [25] Atrid fibrillation Anticoagulation drug adherence (PR) + SMD could not be
(209) calculated®
Johnston [17] Myocardial infarc-  Anticoagulation drug adherence (PR) = SMD could not be
tion (174) calculated®
Johnston [17] Myocardial infarc-  Missed medication doses (PR) + 0.14 (-0.16 t0 0.46)

tion (174)

% tems were either clinician reported (CR) or patient reported (PR).

bEffects were in favor of the intervention group (+) or there were no effects (=). No study had effectsin favor of the control group (-).

CSMD: standardized mean difference.
dNo SD available (only average and P value).
eNonnormal distributed data

Quality of Life

Seven RCTs [10,11,15-17,20,25], in which 1300 patients
participated, reported resultsrel ated to quality of life (see Table
5). An effectin favor of theintervention group was demonstrated
in four studies. These studies measured the effect of the
intervention on quality of life at four weeks after knee
replacement surgery [10], three months after starting aprogram
for cardiac rehabilitation [20], three months after starting a
program for pelvic floor muscletraining [16], and three months

http://www.jmir.org/2020/4/e17342/

RenderX

after starting a program for enhanced self-management after
atrial fibrillation [25]. Three studies did not report an effect in
the intervention group at the following time points: 6 months
after intermediate-grade abdominal surgery [11], 4 months after
starting a self-management program in Parkinson disease [15],
and 6 weeks after starting asupport program on lifestyle changes
and drug adherence in myocardial infarction patients[17]. SMD
ranged from small to large in five studies[10,15,20] and could
not be calculated for two studies[11,25].
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Table5. Details about patients' quality of life.

Timmerset a

Study Population (n) Description? Effect? SMDE (95% Cl)
Van der Meij [11] Abdominal surgery After abdominal surgery = SMD could not be calculat-
(344) e
Guo [25] Atrial fibrillation (209) After starting atrial fibrillation management program  + SMD could not be calculat-
edd
Widmer [20] Cardiac rehabilitation  After starting cardiac rehabilitation + 3.30 (2.60 t0 4.02)
(80)
Timmers [10] Kneereplacement (212)  After knee replacement surgery + 0.44 (0.15t00.72)
Johnston [17] Myocardial infarction  After starting lifestyle and drug adherence support = 0.33(0.01 to 0.66)
(174)
Lakshminarayana[15] Perkinsondisease (158) After starting self-management app = 0.18 (-0.14 t0 0.49)
Asklund [16] Stress urinary inconti-  After starting pelvic floor muscle training + 0.81 (0.44t0 1.18)

nence (123)

8A|| items were patient reported versus clinician reported.

PEffects were in favor of the intervention group (+) or there were no effects (=). No study had effects in favor of the control group (-).

CSMD: standardized mean difference.
INo SD available (only average and P vaue).

Clinical Outcomes

A total of 11 RCTs[8,10,11,13-16,20,22,24,28], in which 1783
patients participated, reported results related to clinical
outcomes. Three main themes emerged from these studies:
physical functioning and pain [10,11,13,14], clinical values
[20,22,24,28], and symptoms [8,15,16] (see Table 6).

Regarding physical functioning, an effect in favor of the
i ntervention group was demonstrated in three out of four studies,
albeit not on all outcomes. Theseresultswererelated to physical
functioning after abdominal surgery [11] and pain and knee
function after knee replacement surgery [10,13]. No differences
between groups were reported concerning pain and activities
after abdominal surgery [11] or concerning knee function and
physiotherapy assessment tests[13]. One study related to ankle
function after sportsrelated trauma did not demonstrate a
difference between groups either [14]. SMD was medium in
one study [10] and could not be cal culated for the other studies.

http://www.jmir.org/2020/4/e17342/

Regarding clinical values, an effect in favor of the intervention
group was demonstrated in at least one of the outcomes of all
four included studies. These effects were related to weight loss
during cardiac rehabilitation [20] and adenomadetection during
colonoscopy [22,24,28]. No differences between groups were
found concerning cholesterol, glucose, and exercise capacity in
cardiac rehabilitation [20]. SMD ranged from small to largein
two studies [15,16] and could not be calculated for the other
study.

Regarding symptoms, an effect in favor of the intervention
group was demonstrated in one out of three studies. These results
were related to a decrease in symptom severity after using an
intervention to train pelvic floor muscles in women who suffer
from stress-related urinary incontinence [16]. No differences
between groups were reported in nonmotor symptoms related
to Parkinson disease [15] and asthma [8]. SMD ranged from
small to large within one study [20] and could not be cal culated
for the other studies.
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Table 6. Detailsabout clinical parameters.

Clinical parameters and study, population, and description? Effect?  SMD® (95% CI)

Physical functioning and pain
Van der Meij [11]
Abdominal surgery (n=344)

Physical function (PR) + SMD could not be cal culated?
Physical activities (PR) = SMD could not be cal culated®
Recovery (PR) = SMD could not be cal culated®
Pain intensity (PR) = SMD could not be cal culated®

Van Reijnen [14]
Ankle trauma (n=220)

Ankle function (PR) = SMD could not be calculated®

Hardt [13]
K nee replacement (60)

Knee range of motion (CR) + SMD could not be calcul ated®

Pain at rest (PR) = SMD could not be calculated®

Pain in motion (PR) + SMD could not be calcul ated®

Knee function (PR) = SMD could not be calcul ated®

Assessment tests (CR) = SMD could not be calculated®
Timmers[10]

Kneereplacement (n=212)

Pain at rest (PR) + 0.51(0.231t00.79)
Pain during activity (PR) + 0.49 (0.21t0 0.77)
Pain during the night (PR) + 0.42 (0.14t00.71)
Knee function (PR) + 0.47 (0.191t0 0.76)

Clinical values

Widmer [20]
Cardiac rehabilitation (n=80)
Weight (CR) + 0.80 (0.321t0 1.28)
Cholesterol (CR) = 0.49 (-0.07 t0 0.87)
Glucose (CR) = 0.05 (-0.41t0 0.52)
Rehabilitation session attended (CR) = 0.28 (-0.19t0 0.74)
Exercise capacity (VO, peak) (CR) = 0.22 (-0.24 t0 0.69)
Wang [22]

Colonoscopy (n=392)

Adenoma detection rate (1 adenoma detected) (CR) = SMD could not be cal cul ated®
Adenoma detection rate (>1 adenoma detected) (CR) + SMD could not be calcul ated®
Jeon [24]

Colonoscopy (n=281)

Adenoma detection rate (overal) (CR) + SMD could not be calcul ated®
Sharara [28]
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Timmerset a

Clinical parameters and study, population, and description?

Effect®  SMD® (95% CI)

Colonoscopy (n=160)
Adenoma detection rate (overal) (CR)

Symptoms
Perry [8]
Asthma (n=34)
Asthma control rest (PR)
L akshminarayana [15]
Parkinson disease (n=158)
Range of nonmotor symptoms (PR)
Asklund [16]
Stress urinary incontinence (n=123)

Symptom severity (PR)

+ SMD could not be calcul ated®

= SMD could not be calcul ated®

= 0.16 (~0.16 t0 0.48)

+

0.95 (0.58 to 1.33)

8 tems were either patient reported (PR) or clinician reported (CR).

PEffects were in favor of the intervention group (+) or there were no effects (=). No study had effectsin favor of the control group (-).

CSMD: standardized mean difference.
dNo SD available (only average and P vaue).
ENonnormal distributed data.

Health Care Economics

Five RCTs [10,11,19,23], in which 860 patients participated,
reported results related to health care economics (see Table 7).
An effect in favor of the intervention group was demonstrated
in three studies, concerning patients' contact with health care
providers after total knee replacement surgery [10] and after
pediatric day-care surgery [23], as well as after returning to

http://www.jmir.org/2020/4/e17342/

RenderX

work after abdominal surgery [11]. The other studies did not
report an effect in favor of the intervention group for patients
undergoing colorectal or abdominal surgery [11,19] or patients
attending a cardiac rehabilitation program [20]. Regarding
30-day hospital readmissions, an effect in favor of the control
group was demonstrated after colorectal surgery [19]. SMD
ranged from small to largein two studies[19,23] and could not
be calculated for the other studies.
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Table 7. Details of health care economics of studies.

Timmerset a

Study, Population (n), Description? Effect” SMDE (95% Cl)
Van der Meij [11]
Abdominal surgery (344)
Postoperative complications (CR) = SMD could not be calculated®
Mean cost differences (CR) = SMD could not be calcul ated
Return to work (PR) + SMD could not be calculated
Return to 75% of normal activities (PR) = SMD could not be calcul ated®
Widmer [20]
Cardiac rehabilitation (80)
Emergency department visits (CR) = SMD could not be calculated®
Rehospitalization (CR) = SMD could not be calcul ated®
Emergency department visits plus rehospitalization (CR) = SMD could not be calculated®
Mata [19]
Colorectal surgery (97)
Length of stay (CR) = 0.19 (-0.21 t0 0.59)
Postoperative complications (CR) = SMD could not be cal culated®
30-day reoperation (CR) = SMD could not be cal culated®
30-day emergency department visits (CR) = SMD could not be calculated®
30-day hospital readmissions (CR) - SMD could not be calcul ated®
Timmers[10]
Kneereplacement (212)
Contact with hospital, general practitioner, or home care organization duringthe4 + SMD could not be calcul ated®
weeks after discharge (PR)
Li[23]
Surgery (127)
Time consumed during follow-up (CR) + 3.58 (3.02t0 4.14)

% tems were either clinician reported (CR) or patient reported (PR).

bEffects were in favor of the intervention group (+), in favor of the control group (-), or there were no effects (=).

CSMD: standardized mean difference.
dNonnormal distributed data.

Knowledge

Four RCTs [10,21,25,27], in which 634 patients participated,
reported results related to condition- or treatment-specific
knowledge acquisition (see Table 8). An effect in favor of the
intervention group was demonstrated in al four studies. All
studies focused on disseminating disease-specific information,

http://www.jmir.org/2020/4/e17342/

RenderX

ranging from treatment optionsfor patientswith knee complaints
dueto osteoarthritis[12] to self-management in atria fibrillation
patients [25] or diabetes mellitus [27] and general knowledge
about breast cancer and screening options [21]. SMD ranged
from medium to large in three studies [12,21,27] and could not
be calculated for one study.
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Table 8. Details about disease-specific knowledge acquisition.
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Study Population (n) Description? Effect®  SMDC (95% Cl)

Guo [25] Atrial fibrillation (209)  Knowledge about atrial fibrillation + SMD could not be calcul ateg®
Lee[21] Breast cancer (120) Knowledge about breast cancer and screening options  + 0.32 (-0.04 t0 0.68)

Alanzi [27] Diabetes mellitus (92) Knowledge about diabetes mellitus and lifestyle + 4.65 (3.87 t0 5.44)

Timmers [12] Kneereplacement (213)  Actual knowledge about treatment options + 1.27 (0.95 to 1.60)
Timmers[12] Kneereplacement (213)  Perceived knowledge about treatment options + 0.87 (0.56 t0 1.18)

8A|| items were patient reported versus clinician reported.

bEffects were in favor of the intervention group (+) for all studies, versus effects in favor of the control group (-) or no effects (=).

CSMD: standardized mean difference.
dNonnormal distributed data.

Narrative Synthesis of Overall Results

Overall results demonstrate an average effectiveness of the
intervention of 69% (see Table 9). Satisfaction with information,
adherence to instructions and medication, clinical outcomes
(eg, weight loss or adenoma detection), and knowledge
acquisition showed the highest effects (>70%). When taking
into account the duration of the intervention, a clear advantage

Table 9. Synthesisof results: average effectiveness per outcome.

intermsof effect isdemonstrated by theinterventionsthat have
aduration of lessthan one month, compared to theinterventions
that take more than one month: 82% effectiveness versus 69%.
A clear difference is noted in the comparison between the
frequencies of messaging patients with information aswell: an
average effectiveness of 78% in the high-frequency group (more
than once per week, on average) versus 64% in the
low-frequency group (once per week, on average).

Qutcome Dimension Number of studies/ popula Average effectiveness?, % Duration, % Frequency, %
tion members Short Long Hig®  Lowt
(<1 month) (=1 month)
Satisfaction Information provided  7/1320 93 88 100 88 100
Satisfaction Overdll care 8/1915 64 72 52 72 52
Adherence Instructions 8/2032 75 72 100 75 N/AD
Adherence Medication usage 3/541 84 N/A 84 50 100
Quality of life Overdll 7/1300 48 100 38 66 57
Clinical parameters  Physical functioning  4/836 50 89 30 89 30
and pain
Clinical parameters  Clinical values 4/913 74 76 50 76 50
Clinical parameters  Symptoms 3/315 39 N/A 39 100 0
Heal _th care eco- Overall 5/860 59 78 68 78 68
nomics
Knowledge Overdl 4/634 100 100 100 100 100
Average effect N/A N/A 69 82 69 78 64

3Average effectiveness is the weighted average of the population linked to an outcome and the part of the population with a positive effect on the

outcome.

bHigh frequency is >1 message per week, on average.
Low frequency is<1 message per week, on average.
IN/A: not applicable.

Discussion

Principal Findings

The objective of this systematic review was to evaluate the
effectiveness of educating patients by providing timely
information using smartphone and tabl et apps. In particular, we
focused on patients that had undergone treatment in a hospital.

http://www.jmir.org/2020/4/e17342/

A total of 21 studies were identified, most with some concerns
in terms of risk of bias. Included studies showed low levels of
homogeneity in terms of populations and outcomes. Overall
results demonstrate an average effectiveness of theinterventions
in 69% of the studies. Satisfaction with information, adherence
to instructions and medication, improved clinical values (eg,
weight loss or adenoma detection), and knowledge acquisition
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showed the highest effects (>70%). An overal effect of 82%
was observed in studiesthat |asted |ess than one month. Studies
with a higher frequency of messaging (ie, more than once per
week) were associated with an average effect of 78%. These
results should not only be considered effective from a single
outcome point-of-view, but should be, from a more holistic
perspective, considered as important components required for
effective patient self-management support aswell [29].

Our results are in line with earlier reviews that focus on the
effect of eHealth interventions on multiple outcomesin chronic
health conditions [30,31]. A review by Schoeppe et a reported
apositive effect in terms of prevention by focusing on lifestyle
changes, such as diet, exercise, and sedentary behavior [32].
The average duration of the interventionsin the Schoeppe et a
review was 8 weeks, which islonger than the average duration
of interventions in our review. However, this is probably due
to the fact that the interventions in the Schoeppe et a review
focused on behavioral changes related to lifestyle, whereas
studies in our review sometimes lasted only 3 or 4 days, in
which the aim is not to change one’s lifestyle, but to optimize
one’s preparation for a one-time event such as a colonoscopy.
The usage of frequent notifications has been recognized to
encourage greater exposureto theintervention’s content without
deterring engagement [33].

Even though results seem to indicate that interventions of a
short duration with a high frequency of notifications are
beneficial to the patient, the low level of homogeneity across
these studies makesit impossible to extract an optimal structure,
duration, or frequency for messaging patients. Such achallenge
has also been reported in a 2018 review on education via
strategies and structures[34]. Unfortunately, only afew studies
reported detailed information about the content that was
provided to patients, its format (eg, text, photo, or video), and
the actual timing of the content delivery. Thisinformation could
have provided additional insights on what makes interventions
successful or not.

Our results demonstrate the emerging character of thisfield of
research: the 21 included studies were conducted in 10 different
medical departments, covering 15 different types of treatments.
Four medical specialties—cardiology, orthopedics, surgery, and
gastroenterology—have had more than three studies included.
Only interventionsrelated to colonoscopy and knee replacement
were studied more than once. The results regarding the number
of studies that we excluded from this review also demonstrate
that many studies still focus on feasibility, acceptance of
technology, and the design and content of apps, rather than on
the actual effect of thistype of intervention.

Strengths and Limitations

To our knowledge, this review is the first to assess the
effectiveness of educating patientsin preparation of, during, or
after their treatment in the hospital using an app for smartphones
or tablets. This review adopted a detailed and comprehensive
search strategy, followed by robust screening, data extraction,
and risk-of-bias assessment, adhering to the PRISMA guidelines.
A total of 21 studies were found eligible for inclusion, seven
of them having a low risk level of bias and 14 of them having
alevel of biaswith some concernsaccording to Cochrane'srisk

http://www.jmir.org/2020/4/e17342/
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of bias assessment. The relatively large sample sizes allowed
usto calculate SMDs and therewith enabled usto compare study
outcomes. The observed high level of heterogeneity in terms
of outcomes, population, and intervention characteristics, such
asinteraction models, commercial and noncommercial products,
or social media platforms, made it inappropriate to perform a
meta-analysis for any outcome.

In thisreview, wefocused on thetimely delivery of educational
information to overcome pati ent-perceived information overload.
The duration of the interventions within these studies ranged
from 3 daysto 6 months. In our opinion, this range is another
indicator that this type of research is still at an early stage, in
which the focus of the trial is really on the intervention itself
instead of itslong-term effects.

Implications for Practice

The results of our review demonstrate the effective application
of smartphone and tablet apps to educate patients with timely
information. The effects are visible within various outcomes
and across various medical specialties. Medical practicescould
benefit from these effects by combining two already-existing
resources. patient education materials and smartphones and
tablets. Patient education is already available on hospital
websites, brochures, and through the oral advice of health care
professionals. Additionally, more and more patients, aswell as
their surrounding caretakers, possess a smartphone or tablet.
By adding the concept of timing to existing educational
materials, one could improvethe likelihood that patientsreceive
the right information at the right time. By using the push
notification mechanism on smart devices, patients can also be
actively made aware of newly available information related to
their treatment. Medical practices may choose to either build
an app themselves or use already-available commercial products
or platforms, social media or otherwise. After the initial
development of an app, little or no further adjustments to
existing workflows are needed for successful implementation,
which is regarded as a crucial factor for successful eHealth
implementation [35]. Of course, some patients may require
support during the initial downloading or configuring of the
app, but when this effort is compared to the possible benefits
in terms of improved outcomes, satisfaction, and health care
consumption as described in this review, these efforts appear
worthwhile.

Future Research

Delivering timely education to patients through an app for
smartphones or tablets has the potential to contribute to the
emerging field of patient education research, which may lead
to a positive effect on numerous outcomes. Given the novelty
of this area of research, more studies need to be performed in
order to demonstrate the generalizability of the concept, aswell
asitslong-term effects. In thisreview, we chose to include only
RCTs, since this study design is currently considered to be the
gold standard research design to assess the effectiveness of
interventions. Yet, we believeit islegitimate to question whether
thisisthe only appropriate study design, aseHealth innovations
and research projects could be characterized by what we would
like to refer to as “moving objects’ and “moving targets” By
moving objects, we refer to the interventions themselves, as

JMed Internet Res 2020 | vol. 22 | iss. 4 |€17342 | p.54
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

these may easily be adapted to the real-time needs of patients
and health care providersby their inventors. By moving targets,
we refer to outcomes that might not have been defined in the
original research protocol but arose from the data and insights
that were gathered during the study. Changing the intervention
itself or adding outcomes during the course of a study is,
however, often considered not done, asit could quickly lead to
a high risk of bias and a lower overall quality of the research.
As a conseguence, many interventions might not be studied at
all, because from asupplier’s or producer’s perspective, it feels
unnatural not to be able to respond to these real-world demands
“just because a study design won't allow you to.” Thischallenge
was also reported by two recent studies focusing on eHealth
interventionsin general [36] and, more specifically, inthefield
of psychiatry [37].

We suggest that other study designs, such as pragmatic RCTSs,
action research, or even real-world data, are considered to be
eligible to demonstrate the effectiveness of these interventions.
These designs more closely mimic a routine clinical setting

Timmerset a

from ahealth care provider’s perspective (ie, no double blinding
or placebo-controlled setting) and allow the interventionsto be
altered by the supplier during the course of the study if needed.
Thiscould lower some of the existing barriersand may convince
more stakeholders to participate in eHealth research.

Conclusions

This review demonstrates that educating patients with timely
medical information through their smartphones or tablets
improves their levels of knowledge, medication or treatment
adherence, satisfaction, and clinical outcomes, aswell ashaving
a positive effect on health care economics. These effects are
most pronounced in interventions with ashort duration (ie, less
than amonth) and with a high frequency of messaging patients
(ie, once per week or more). With the knowledge that patient
educationisapredictor for improved outcomes and the fact that
patients have obvious difficulties processing large amounts of
new medical information, we suggest incorporating the delivery
of timely information through smartphone and tabl et appswithin
current medical practices.
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Abstract

Background: Patient participation in the health care domain has surged dramatically through the availability of digital health
platforms and online health communities (OHCs). Such patient-driven service innovation has both potential and challenges for
health care organizations. Over the last 5 years, articles have surfaced that focus on value cocreation in health care services and
the importance of engaging patients and other actors in service delivery. However, a theoretical understanding of how to use
OHCsfor this purpose is still underdevel oped within the health care service ecosystem.

Objective: This paper aimed to introduce atheoretical discussion for better understanding of the potential of OHCs for health
care organizations, in particular, for patient empowerment.

Methods: Thisliterature review study involved a comprehensive search using 12 electronic databases (EMBASE, PsycINFO,
Web of Science, Scopus, ScienceDirect, Medical Literature Analysis and Retrieval System Online, PubMed, Elton B Stephens
Co[academic], Cumulative Index of Nursing and Allied Health Literature, Accelerated I nformation Sharing for Law Enforcement,
Association for Computing Machinery, and Google Scholar) from 2013 to 2019. A total of 1388 studies were identified from the
database search. After removing duplicates and applying inclusion criteria, we thematically analyzed 56 articles using the Braun
and Clarke thematic analysis approach.

Results: We identified alist of 5 salient themes: communication extension, improved health literacy for patients and health
care organizations, communication transparency with patients, informational and social support for patients, and patient
empower ment in self-management. The most frequent theme was communication extension, which covers 39% (22/56) of the
literature. Thistheme reported that an extension of communication between patients, caregivers, and physicians and organizations
led to new opportunities to create value with minimal time and cost restrictions. Improved health literacy and communication
transparency with patients were the second and third most frequent themes, respectively, covering 26% (15/56) and 25% (14/56)
of the literature, respectively. The frequency of these themes indicated that the use of OHCs to generate new knowledge from
patients interactions helped health care organizations to customize treatment plans and establish transparent and effective
communication between health care organizations and patients. Furthermore, of the 56 studies, 13 (23%) and 10 (17%) studies
contended the opportunity of using OHCs in terms of informational and emotional support and empowering patients in their
self-management of diseases.

Conclusions: This review enables better understanding of the current state of the art of the online value cocreation and its
potential for health care organizations. This study found that the opportunities for health care organizations through enhancement
of patient participation and their cocreation of valuein digital health platforms have been rapidly increasing. The identified gaps
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and opportunities in this study would identify avenues for future directions in modernized and more effective value-oriented

health care informatics research.

(J Med Internet Res 2020;22(4):€16324) doi:10.2196/16324

KEYWORDS

value cocreation; health care organizations; digital health platforms; online health communities; patient empowerment

Introduction

Background

The health care industry is under increasing pressure in terms
of enhancing their service provision and quality with meeting
the growing demands. Thisis because of population growth and
therise of chronic diseases[1] besides other factors. To respond
to these pressures, the health care industry is continuously
digitizing its service provisions to provide for more effective
and cost-efficient care models, aswell as self-care management
for personalized health care [2]. As part of the digitization,
health care organizations are establishing online health
communities (OHCs) as part of their service offering [3] to
cocreate value. An OHC refersto agroup of peoplewho interact
with each other in online environments about similar health
issues [4]. This is reflected in the health care literature with
growing emphasis on health value cocreation and the benefits
of consumer vaue cocreation in the health domain [5,6].
Historically, value creation was conceptualized as company
centric with the value being provided by the company to the
customer. Morerecently, cocreation isviewed asan appropriate
customer-centric mechanism for health care organizations in
which valueis created with customersrather than for customers
[7,8]. In the context of OHCs, the interaction between
stakeholderswithin online platforms can create valuesthat allow
stakeholders to share their knowledge and experiences [9].
Through creating value by working with health care
organizations, a patient can likely raise their feelings about the
existential quality of life, improve the attainment of life goals,
and support and reducetheir psychological and physical distress
[10]. OHCs can provide peer health knowledge, emotional
support, and improve self-carefor patientswith chronic diseases,
especially for lifestyle-related diseases such as cancer, obesity
or type 2 diabetes[11]. For patientswith chronic diseases, OHCs
provide a set of anecdotal information [12,13], which helps
patientsincrease their positive emotional experience and attitude
toward chronic diseases, engaging them in the activities of the
community [14]. Empowering patients improves their role in
cocresting, co-designing, and co-delivering health services[15].
In addition, patient empowerment contributes to enhancing the
quality of care and health outcomes[16,17]. For instance, OHC
users with chronic diseases become more knowledgeable, feel
better socially supported, and have improved behavioral and
clinical outcomes compared with nonusers[18].

Over thelast 5 years, the number of articlesthat focus on value
cocreation inthe health care services hasincreased, highlighting
the significance of the collaboration and cocreation of value
within the health care service ecosystem between the patients
and hedth care providers [19,20]. In our last paper, we
systematically reviewed the literature regarding the role of

http://www.jmir.org/2020/4/€16324/

OHCs as facilitators of value cocreation in the heath care
service ecosystem within the last 5 years [21]. The findings
showed that OHCs provide opportunities for members to
cocreste val ue ubiquitously along with providing memberswith
onlineinformational and emotional support. However, the ability
of health care organizationsto engage patientsin the health care
service coproduction and value cocreation has been largely
overlooked [22-24]. Due to the importance and apparent
oversight of value cocreation for health care organizations, this
paper sought to address the following research question: To
what extent could online value cocreation add value for health
care organizations?

To produce new insights into this research question, this study
performed a descriptive literature review to investigate the
potential of online value cocreation for health care organizations,
identifying the current state of knowledge and the opportunities
for hedlth care organizations to engage in online vaue
cocreation.

Value Cocreation in Health Care

Technological developments promoted a shift from a health
caremodel dominated by professiona stoward a patient-centered
model inwhich patients and professional s collaborate to create
aservice that offersthe most optimal health care solution [25].
In recent years, the health care domain has undergone anumber
of transformations because of the recent advancesin technology
[26]. In addition, significant priorities for service marketing
research include therole of consumersin the cocreation of value
within the service sector, thetransformative potential of services,
and the interface between consumer communities and
organizations[27]. Thisisalso reflected in health research with
some research evidencing the need for health care service
providers and physiciansto understand the patient and their role
in the provision of health information [26,28,29]. The positive
impact of collaborations among patients, physicians, and other
actors on health outcomes has justified the significance given
to the health care domain in investigating the cocreation of value
[30]. Vaue cocreation in hedth care is a framework that
integrates quality enhancement efforts by health care community
staff memberswith patients' engagement to promoteinnovation
in creating value [31]. Value cocreation refers to the process
through which health care providers collaboratively engage with
customers to create value [32]. Organizations are increasingly
offering val ue cocreation opportunitiesto create more value for
both customers and themselves [32-34]. Hence, the provider
should take a holistic view of service delivery and consider the
important factors in the clinical encounter for empowering
patients to assume an active participatory role. Information
technology can nurture better health care along with cost
reduction and develop service innovation [35,36]. Recently,
online community research has gradually started to focus on
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value cocreation and community outcomes[37]. OHCs provide
opportunities for stakeholders such as patients, physicians,
caregivers, and health care organizations to access and share
health information as well as contribute to the value cocrestion
process, diminish geographical barriers, and provide
informational, social, and emotional support [38,39].

Online Health Communities as Platforms for Value
Cocreation

With the rapid growth of social media technology, OHCs
provide opportunities for fostering cocreation among the
different stakeholders in health care [10,40]. OHCs are a
particular form of special interest community, centered on a
shared interest in health conditions and diseases [41]. The
primary objective of the most OHCs is to provide a platform
for patients regarding interacting with each other to obtain
emotional support and disease management and care [42].
Participation in OHCs leads to additional activities carried out
by patients, which add value to the patient-provider interactions
[43]. Research showed that the more effort patients put into
value cocreation activities, the more likely they are to continue
with the health care provider, to return to the heath care
provider when they need treatment in the future, and to
recommend the provider to others [44]. In the context of
service-dominant logic, which is focused on patients
contribution to the value creation, the customer is always a
cocreator of value [8]. In essence, OHCs are changing the way
patientstreat and manage their health [45]. These communities
facilitate self-management through health information exchange
and disease experiences [46]. The prominent characteristics of
online communities are strong social relationship among
members, community-specific organizational structure and way
of discussion, history sharing, community rituals, and common
online meeting space [47]. All these characteristics support
identity for the community, provide along-lasting relationship
between participants, and foster strong member commitment
to community purposes [45]. Several studies have focused on
the benefits of OHCs, including (a) availability of health-related
information especially for people who live in remote areas,
facilitating information and social support without the need for
driving long distance for face-to-face support group [12,13];
(b) access to health-related information with minimum cost
[14]; (c) accessibility to experience-based health information,
sharing daily coping habits and user experienceswith symptoms
[23,48]; and (d) decrease in the feeling of loneliness, creating
socia interactions among patients with a stigmatized medical
condition and avoiding asking for help outside of the online
community [23,49]. By empowering patients in OHCs, it is
possible to activate value cocreation path between them and
health care organizations [50]. As such, by enabling patientsto
support each other in OHCs, organizations can a so indirectly
improve customers ties with the product and with the
organization [46]. Accordingly, OHCsoffer cocreation of value
opportunities among patients, physicians, and heath care
organizations to improve health care outcomes [51]. This
process, in turn, fosters patients' access to health information
[52].
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Health Care Organizations and Online Value
Cocreation

To date, many health care organizationsarerapidly recognizing
the importance of OHCs as a significant platform of
complementary service to improve the total quality of health
care services [53]. Although the advantages of using OHCs for
health care providers are promising, health care organizations
frequently discounted OHCs' information because of the lack
of clinical training of contributors and perceived lower quality
of online health information [54]. Health care organizations
also experience barriers regarding privacy, confidentiality,
reputation management, and the dissemination of inaccurate
health information [55-57]. Many health care providers worry
about broadcasting misinformation and its negative influence
on patients headth decisions [54,58,59]. Some patients
contended that the risk of misinformation in OHCs might be
reduced by the participation of health care organization in the
conversation. In return, health care organizations could receive
valuable experience-based health information from patients,
saving organizational resources [32]. The diverse needs of
various patients prevent the setup of a single, one-size-fits-all
community; rather, cognitive- and affective-related valuesin a
community depend on who participate in the community, the
foundation of their relationship, and their activities such as
sharing experiences, assessing new ideas, and recommending
aternative treatments. Therefore, the complexity of digital
services, which involve different goals of interaction among
different actors, demands a more granular view of value
cocreation in online communities [60]. Although numerous
businesses have started to harnessthe advance potentia of online
communities by utilizing them as an online environment for
customer co-innovation and value cocreation, health care
organizations are lagging behind [29,61]. Hence, hedlth care
organizations can extend a better understanding of varioustypes
of consumer value cocreation that is enabled by OHCs[10]. To
address these gaps and to deeply understand the potential of
online value cocreation for health care organizations, our main
objective was as follows: to identify the salient themes of the
current literature regarding the potential of online value
cocreation for health care organizations.

Methods

Review Protocol

To identify the potential of online value cocreation for health
care organizations, we needed to investigate the current
literature. For doing so, a descriptive literature review is one of
the suitable methods for providing a broad and comprehensive
background about the current state of the art [62]. We employed
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist to guide our systematic
review of relevant peer-reviewed literature [63]. The main aim
of the PRISMA isto assist authors in improving the reporting
of systematic review and meta-analysis [63]. The following
sections explain the article selection process and review
protocol.
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Search Method and Article Selection

The purpose of this study wasto critically apprai se extant work
to answer the following question: to what extent could online
value cocreation add value for health care organizations? To
retrieve relevant articles, we reviewed several academic
databases and derived database search terms. The search terms
werederived based on keywordsin the research question (online
value cocreation and health care organizations). However, we
did not merely focus on these particular keywords because some
related papers discussed the same concepts using different terms.
For instance, some articles discussed val ue cocreation activities
in internet-based forums by various stakeholders without using
specific terms such as online value cocreation or health care
ecosystem. Hence, to ensure that relevant papers are not
neglected, we broadened the search keywords and their
synonymsto gather a comprehensive pool of related papers for
this study (see Multimedia Appendix 1). Based on our research
aim, a search string was defined using Boolean operators such
as “AND” and “OR”: (“online value co-creation” OR “value
co-creation”) AND (“healthcare organisation” OR “healthcare
serviceproviders’) AND (“healthcare service ecosystem™). The
variants of the search terms in Multimedia Appendix 1 were
appliedin different databases. In addition, we considered social
science databases such as PsycINFO and EMBA SE in terms of
covering specia studiesin psychology and behavioral science.
We also looked at controlled vocabularies such as Medical
Subject Headings and thesaurus for amore complete search. In
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addition, three prominent researchersin thefield of information
systems (1S) and health informatics were asked to recommend
any additional studies that met the inclusion criteria.
Eligibility Criteria

The searching process was complemented with articlesidentified
from the reference lists as well as searching within the table of
contents of selected journals. The outcome of phase 1 yielded
1040 papers after the removal of duplicates. Two scholars
separately reviewed the abstracts of each paper and determined
if the paper was relevant using the following inclusion criteria:
(2) articles were written in English, (2) articles were published
between 2013 and 2019, (3) articlesfocused on therole of health
care organizationsin the online value cocreation, and (4) articles
employed quantitative or qualitative research studies that
focused on the use of digital heath platforms in vaue
cacreation. During this process, thereferencelists of the papers
were also checked to identify other articlesthat are potentially
eigible for inclusion. This returned 6 new papers. The two
reviewers agreed with each other on the final pool of articles:
281 were identified to be eligible for inclusion in this review.
Upon applying the inclusion criteria to the full-text papers, 56
articleswere determined to be relevant. Figure 1 (adapted from
Nili et a [63]) illustrates the article selection process, and
Multimedia Appendix 1 denotesthe number of relevant articles
retrieved per database. In addition, a summary of the
characteristics of the relevant papersis detailed in Multimedia
Appendix 2.

Figure 1. Flow diagram of the literature search. ACM: Association for Computing Machinery; AlSeL: Accelerated Information Sharing for Law
Enforcement; CINAHL: Cumulative Index of Nursing and Allied Health Literature; EBSCO: Elton B Stephens Co; MEDLINE: Medical Literature

Analysis and Retrieval System Online; OHC: online health community.
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Data Analysis Approach

To answer the research question, we conducted a thematic
analysisfollowing the 6 steps of coding proposed by Braun and
Clarke [64] to explore the major themes regarding the potential
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of online value cocreation for health care organizations.
Thematic analysis is a technique that is commonly used to
identify, analyze, and report patterns (themes) within data[64].
This technique is an inductive approach and involves coding
all sections of findings, discussion, and conclusion of al selected
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papers (N=56). Applying this method needs careful reading
and rereading of the data [64] to identify the explicit and
implicit meaning embedded within the text [65]. The 6 steps of
thematic analysis process defined by Braun and Clarke [64] are
collecting data, generating initial codes, searching for themes,
reviewing themes, defining and naming themes, and writing the
report (Figure 2). Weused NVivo 12 (aqualitative dataanalysis
software; QSR International, Melbourne, Austraia) as a
repository for storing the articles, and all coding was manually
performed.

During the first step, we performed a preliminary analysis of
the relevant articles and recorded our notes through memo and
annotation features of NVivo and marked ideas for coding in
the next step. In the second step, post familiarization with the
data, we manually generated an initial list of codes. In total,
112 initial codes were generated. In the third step, after
generating initial codes, we refocused the analysis process on
the broader level of themes, rather than codes, sorting the
different codes into potential themes and subthemes. This was
facilitated by creating athematic map by utilizing the mind map

Figure 2. Thematic analysis steps adapted from Braun and Clarke.
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features of NVivo to visualize codes and themes. The thematic
map revealed 10 themes and 41 miscellaneous codes. In the
fourth step, we reviewed and refined themes. In the reviewing
process, we reviewed all themes to make sure they followed a
coherent pattern. During this phase, two themes collapsed into
each other because of their common content. In the refining
process, we recoded some additional datathat have been missed
in earlier stages, resulting in 11 themes. In thefifth step, defining
and refining needs to be applied to our themes. In doing so, we
named and defined themes [66]. We a so performed a detailed
analysis of each theme to ensure that the theme was relevant to
the research question and that only minimal overlap existed
between themes. Another significant factor in this stage is the
naming of themes. Names of themes should be concise and
punchy and should directly define what the themeisabout [66].
In doing so, we named the themes that reflect the answer to our
research question. The results of this stage revealed 5 themes
(see Table 1). In the sixth step of the thematic analysis, we
provided a concise, coherent, and logical report to summarize
the themes as presented in the following sections.

1) Familiarization with data
The most revelant articles pathered based on inclusion criteria (n=56)

27

2) Generating initial codes
During this stage. 112 codes were generated

N

3) Searching for themes

Refocusing the analysis process from the wide level of themes and sorting the various types of codes
into potential themes and subthemes (10 themes and 41 miscellaneous )

N7

4) Reviewing themes

Editing themes; eliminating or integrating

N

5) Defining and naming themes
Refine the themes and select final themes

R

6) Producing the report

Providing a concise, coherent. and logical story the data tell within and across themes
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Table 1. Summary of the thematic analysis outcomes.
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Theme

Description

Subthemes

Coverage of thefinal selection (N=56), n (%)

Communication

Digital health platforms such asOHCS?

« Resourceintegration

22 (39)

extension extend communication from the tradi- *  E@sy accesstohedith careinforma:

tional power balance face-to-face con- tion ]

sultation between patientsand health  *  Resource exchange with other

care professionalsto onlineinteractions stakeholders

for facilitating dial ogues between

stakeholders.
Improved The use of digital platforms such as «  Easy-to-read and easy-to-under- 15 (26)
health literacy = OHCsto generate new knowledge from stand health materials
for patientsand  patients’ interactionsand help health »  Helping patients in the decision-
hedlthcareorga:  care organizations to customize treat- making process
nizations ment plans, offering someonlinead- .«  Co-learning

vice especially for patients with a

chronic disease.
Communication The use of digital platformssuchas  «  Bridge builder 14 (25)
transparency OHCsegtablishestransparent and effec- »  Facilitate communications
with patients tive communication between patient  «  Effective interactions between

and patient, patient and physicians, and patients and health care organiza-

patient and health care organizations. tions

«  Improve mutual trust

Informational  The use of digital platforms such as o  Positive commentsto patientsby 13 (23)
and social sup- OHCs by health care organizations health care organizations
port for patients  providesinformational and social sup- «  Timely and appropriate responses

port, which increases the quality of to patients

services and patient satisfaction. «  Knowledge sharing and informa-

tion exchange

Patient empow- Theuse of digital platformssuchas «  Engaging membersin OHCs 10 (17)
ermentinself- OHCsto engage patientsinthevalue «  Encouraging members of OHCs
management cocreation process, assistingthemin  «  Positive patient-provider interac-

their self-management of diseases. tions

«  Sef-management intervention for
diseases

30OHCs: online health communities.

Trustworthiness

Trustworthinessis a key factor in a qualitative content analysis
because text can have multiple meanings and diverse
interpretation [67]. It is contended that if the analysis process
provides adequate details, the validity of the research will be
assured [68]. Accordingly, this research explicates the process
of coding step by step to establish the trustworthiness of the
study. In terms of testing the trustworthiness of the findings,
we employed percent agreement as our method of intercoder
reliability checking [69]. Percent agreement is a useful method
of checking the reliability of the qualitative findings of less
sensitive (eg, literature review) IS projects [69], where the
original analyst and a second person compare the findings of
their analyses for a sample of papers. The two scholars,
experienced in qualitative research and thematic analysis, who
checked different parts (paper selection and inclusion and
exclusion criteria) placed particular emphasis on reviewing all
codes, categories, and themes. They looked at the themes of the
study and the way they have originated from categories and
codes. During thefirst meeting, the percent agreement was 75%,
and after the second meeting, that is, discussion on the essence
of the themes, the general consensus was achieved and the
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overal results were 100%, making us confident about the
reliability of our literature review.

Results

Themes

Through performing thethematic analysis, weidentified 5 main
themes: communication extension, improve health literacy,
communication transparency with  patients, patient
empower ment in self-management, and informational and social
support for the patient. Each theme consisted of several
subthemes which are presented in Table 1. The following
sections provide more detail into each of them.

As evidenced in Table 1, communication extension was the
most explored theme (22/56, 39%) followed by improved health
literacy (15/56, 26%), communi cation transparency with patients
(14/56, 25%), informational and social support for patients
(13/56, 23%), and patient empowerment in self-management
(10/56, 17%).
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Themes Explanation

Communication Extension

OHCs provide an opportunity for stakeholders to extend their
communication from traditional approach, which comprises
few face-to-face scheduled consultations, to effective
interactions among the patient, health care professionals, and
health care organizationswithin digital health platforms. In fact,
OHCs have a potential to connect members who would never
have met each other because of geographical distance.
Communication extension assists health care organizations to
empower patientsto interact with health care professionalsand
organizations [66]. In this regard, OHCs can contribute to
unleashing the provision of health care services and facilitate
resource exchange and peer-to-peer social support. In essence,
communication extension brings the patients into focus, and
OHCs offer a mechanism for value cocreation among
stakeholders with minima time and cost restriction
[17,19,46,66-75]. The vast majority of theliterature emphasizes
information accessing and creating, sharing, and recombination
of resources [43,76]. OHCs assist patients to produce health
information by sharing their health experiences and cocreate a
value within these platforms [77]. Resource exchanges are the
mutual actions taken by stakeholdersin the health care service
ecosystem to access, monitor, share, and integrate resources
[75,78,79]. Infact, the communication extension provides health
care organizations with the opportunity to look beyond the
patient portal and consider how technol ogy nurtures consumers
relationship, engagement, and contributions aswell asthe health
care organizations to better understand the value cocreation
process that occurs within digital health platforms[66,71].

Improved Health Literacy of Patients and Health Care
Organizations

As indicated in the previous theme, health care organizations
need to empower and engage patients in the value cocreation
process. However, insufficient organizational health literacy
impoverishes the ability of a health care organization to fulfill
thistask [80]. Health care organizations need to educate patients
on their innovation that they are planning to offer to patients,
and patients need to educate health care organizations in the
context of their everyday use of innovation [71]. OHCs can be
an effectivetool for knowledge sharing and peer education, and
it has the potential to impact patients’ health literacy [46,71].
The new knowledge generated from those patient interactions
in OHCs assists health care organizations to customi ze treatment
plans, offering some online treatment options especially for
patients with a chronic disease [ 71]. Some papers contend that
by enhancing health literacy, it would be possible to decrease
the use of medical services, improving value cocreation with
stakeholders and, ultimately, improving the efficiency of the
health care system [70,72,81,82]. One of the most relevant
papersin this review contends that knowl edge should flow both
ways. It means that patients should be educated by health care
organizations and vice versa[71]. In fact, interactions between
patients and health care organizationsin digital health platforms
enable organizations to collect patients heath-related
experiences and information. Therefore, hedth care
organi zations benefit from digital health platforms such asOHCs
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that improve the patient’s ability to use digital platformsto find
relevant health-related information and to apply the gained
knowledge to address ahealth issue, which isknown aseHealth
literacy in the literature.

Communication Transparency With Patients

Communication transparency between patients and health care
organizations is a viable method to provide hedth care
organizations, health care professionals, and patients with new
opportunities to cocreate value [83,84]. In this regard, OHCs
can provide aproper, transparent, and effective communication
between stakeholders[82]. The better health care organizations
can effectively interact with patientsin OHCs, the more online
value will be created. Transparent communication and
interaction between health care organizations and patientswithin
OHCs are the fundamental building blocks for online value
cocreation. One of the most important elements of having
transparent and effective communicationistrust. Trust can serve
as a significant mechanism in reducing the uncertainty and
complexity of exchange and enhancing the credibility of online
health information [70]. The level of trust affects patients
behavior with health care organizations. The transparency of
communication is critical for a successful and sustainable
responseto patients’ health problems. Thisfeature enablesboth
health care organizations and patients to interact directly,
allowing them to be actively involved with the value cocreation
process[76].

Informational and Social Support for Patients

OHCs provide opportunities for stakeholders such as patients,
physicians, caregivers, and health care organizations to access
and share health information as well as contribute to the value
cocreation process, diminish geographical barriers, and provide
informational, social, and emotional support [38,39]. Value
cocreation process occurs when organizations, stakeholders,
and users integrate and renew each other’s resources [85]. In
this context, OHCs have immense potential to facilitate the
process of value cocreation among actors in the health care
ecosystem as well as provide an additional mechanism for
obtaining informational and emotiona support. Dueto the nature
of OHCs that provides access to information and coordinated
socia interaction, they constitute an alternative solution for
patients' needs, such that they likely improve the well-being of
individuals and society as a whole [86]. In fact, OHCs have
developed asapart of the supplementary service of many health
care organizations, where patients are directed to the health care
organization’s OHC to receive socioemotional support. OHCs
are the major source of informational, social, and emotional
support for people with health problems, and members of such
communities interact with other stakeholders to seek, receive,
and provide different types of supports (informational, social,
and emotional) [4,70,82]. Users of OHCs participate and
experience the various types of value cocreation via social
support exchange within thesetypes of communities[87]. Hedlth
care organizations can motivate patientsin OHCS' activities by
providing positive feedback to patients who are using digital
health platforms. Thesetypes of feedback increasethe patient’s
motivation and serve asasignal that the health care organization
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approves and welcomes patients’ activities in the health care
domain [88].

Patient Empowerment in Self-Management

OHCsempower patientsin the self-management processthrough
the exchange of hedth-related information and patient
experiences. In other words, OHCs can be used to actively
engage and empower patients in their health care journey.
Engagement in health care service innovation enables health
care organizations to be more proactive, establishing and
supporting effective approaches for online value cocreation.
The empowerment of patients leads to improving the patients’
role in value cocreation [80]. The patient’s empowerment and
engagement contribute to enhancing the quality of health care
outcome, and health care organi zations have started to recognize
the significance of patient empowerment as a driver of
patient-centered care. Self-management is where health care
organizations can enhance patient participation, supporting
patients in controlling their lives [82]. Helping patients with
chronic diseases such as type 2 diabetes or asthma to
self-manage their condition leads to enhanced quality of care
and decreases cost and i nappropriate use of health careresources
[82].

Discussion

Principal Findings

The goal of this study was to improve the theoretical
understanding toward patient-driven health careinnovation and
in this case, identifying the potential of online value cocreation
for health care organizations. We conducted a descriptive review
of the published papers on the potential of online value
cocreation for health care organizations. After analyzing alarge
number of studies, we now, understand the significance of the
digital health platformsin the value cocreation process for both
health care organizations and patients by identifying the salient
themes of the current literature. These themes were
communication extension, improved health literacy for patients
and health care organizations, communication transparency
with patients, informational and social support for patients, and
patient empower ment in self-management.

Numerous public and nonprofit health care organizations have
started to embrace OHCs to support patients' reguirements to
locate others with similar health issues and share experiences
at apeer-to-peer level [89]. Accordingly, webelieve health care
organizations perceive OHCs as a tool for extending the
communication from the traditional power balanced between
health care professionals and patients to online interaction
among al stakeholderswithin the health care service ecosystem,
empowering patients in their self-management of diseases by
cocreating social and emotional value within OHCs,
informationally and socially supporting patients, and establishing
transparent communication with patients. Heath care
organizations might benefit from the interaction between
members in OHCs. For example, by monitoring the
user-generated content within the community, organizations
can gain adeeper and better understanding of members’ needs
and finally co-innovate and coproduce health services with
customers. This generated knowledge enhances members and
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organizations' health literacy, helping patients in the
decision-making process regarding heath care services. In
essence, productive collaboration with multiple stakeholders
improves the resource, competencies, and capabilities, which
fostersvaluesin the cocreation process [85,90]. On the basis of
our findings and in line with recommendations to the industry,
we propose that health care organizations can prioritize the
findings of this study (themes). By prioritizing the salient
themes, health care organizations can leverage the potential of
online value cocreation to improve their service quality and
patient empowerment. According to the recent studies, “the
organizations that have been shifting their strategies toward
value-based care generally share certain advantages: financial
stability, positive relationship with physicians, advanced
information systems and (often) affiliation with health plan”
[91]. Therefore, this study elucidates the potential that OHCs
provide to health care organizations to engage in the value
cocreation process. We employed the findings of thisreview in
the real-world program for diabetes group education through
conceptualizing OHCs and their potential for this cohort.

Strengthsand Limitations

There are multiple strengths of this systematic review. It was
conducted based on the PRISMA guidelines. It employed a
rigorous and extensive search strategy to identify the most
relevant outlets. Paper selection process based on the inclusion
criteria, paper codding, and themeidentification were conducted
in duplicate by two members of the research team independently
to ensure the accuracy of the findings. This study yielded
beneficial findingsthat enabled usto synthesize and present the
current state of the art of the potential of online value cocreation
for hedlth care organizations. Although this literature review
shedslight on the potential of online value cocreation for health
care organizations, some limitations of our review need to be
considered. Our inclusion criteria limited our review results to
only English-language articles and published, peer-reviewed
literature between 2013 and 2019. Hence, these restrictions
might have led to an exclusion of relevant literature.

Directions for Future Studies

This review helped us to explore some interesting directions
for futurework. Future studies can delveinto providing aholistic
view of theimportance of health service coproduction and value
cocreation in shaping adynamic health care ecosystem [92-94].
Thereisalso alack of understanding on how interactionsamong
stakeholders, especially at the meso and macro levels, contribute
to the emergence of value cocreation [95]. Another avenue for
future research isto investigate the perspective in which health
care organizations are able to engage indirectly in online value
cacreation. In fact, the cocreation of val ue through engagement
in health care warrants more detail ed exploration and highlights
the need for more empirical analysisand dataon this significant
areain health care services[9]. Only afew studies explored the
value cocreation a higher levels of hedth care service
ecosystems such as the meso and macro levels. Accordingly,
future research can examine the online value cocreation in the
health care service ecosystem in the higher levels of the service
ecosystem. Future research should be directed toward improving
understanding of the engagement level of hedth care
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organizations in value cocreation through OHCs. In particular,
enhanced understanding of health care organizations
participation determinants in online value cocreation process
and the factorsthat underpin this phenomenon isrequired. This
may involve future studies with a long follow-up period. The
following recommendations for future work might be useful
for both health care researchers and organizations:

1 Investigate how health care organizationsindirectly engage
with online value cocreation process. Identify their
challenges and policies for online activities in the virtual
communities.

2. Enhance understanding of thelevel of engagement of health
care organizations in online value cocreation and explore
health care organizations' participation determinantsin the
online value cocreation process.

3. Develop strategies to boost ongoing engagement of health
care consumers. This will empower patients in their
self-management of chronic diseases.

4. Increase understanding of how health care organizations
encourage health care consumersin the health care service
coproduction and co-innovation through OHCs.

5. Implement security and data privacy rules considering
health care organizations perspectives on OHCs,
trust-building measures, and challenges associated with the
privacy in OHCs.

Conclusions

The findings of this study enrich our understanding of online
value cocreation and its potential for health care organizations
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by providing a rich review of the literature in online value
cocreation. The health care domain can be conceived as a
cocreating service system based on the engagement of health
care organizations and patients, caregivers, and health care
professionals. Inthisregard, digital platformisone of the most
prevalent sources of interaction and online value cocreation.
Accordingly, this study ams to improve theoretica
understanding toward a patient-driven innovation, such as
OHCs, from the value cocreation lenses. Our findings reveal
that to foster the implementation of an effective service
ecosystem, health care organizations should be able to empower
both patients and health care professionals to allow them to
actively participate in value cocreation processes in digital
platforms such as OHCs. We contend that the outcomes of our
study can provide abird’'s-eyeview for health care organizations
to leverage OHCs for improving their business intelligence
along with patient empowerment. Our findingswould be useful
for health care organization policymakers on how digital health
platforms such as OHCsfacilitate the value cocreation for health
care organizations. Moreover, the findings of this study would
be able to guide health care organizations in choosing and
implementing strategies and featuresin their online communities
that lead to positive outcomes. Here, we argue that existing
OHCs can assist researchers and health care organizations not
only by identifying the benefits and potential but also by
facilitating value cocreation in the health care service ecosystem.
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Abstract

Background: Unintentional medication nonadherence is common and has been associated with poor health outcomes and
increased health care costs. Earlier research demonstrated arel ationship between habit strength and medication adherence. Previous
research also examined a habit’s direct effect on adherence and how habit interacts with more conscious factors to influence or
overrule them. However, the relationship between habit and adherence and the role of habit-based mobile health (mHealth)
interventions remain unclear.

Objective: This review aimed to systematically evaluate the most recent evidence for habit strength, medication adherence,
and habit-based mHealth interventions across chronic medical conditions.

Methods: A keyword search with combinations of the terms habit, habit strength, habit index, medication adherence, and
medi cation compliance was conducted on the PubMed database. After duplicateswere removed, two authors conducted i ndependent
abstract and full-text screening. The guidelines for the Preferred Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) were followed when reporting evidence across the included and reviewed studies.

Results: Of the 687 records examined, 11 met the predefined inclusion criteria and were finalized for data extraction, grading,
and synthesis. Most included studies (6/11, 55%) were cross-sectional and used a theoretical model (8/11, 73%). The majority
of studies measured habit strength using the self-report habit index and self-report behavioral automaticity index (9/11, 82%).
Habit strength was positively correlated with medication adherence in most studies (10/11, 91%). Habit mediated the effects of
salf-efficacy on medication adherence (1/11, 9%), and social norms moderated the effects of habit strength on medication adherence
(1/11, 9%). Habit strength also moderated the effects of poor mental health symptoms and medication adherence (1/11, 9%).
None of theincluded studiesreported on using or proposing a habit-based mHealth behavioral intervention to promote medication
adherence.

Conclusions: Habit strength was strongly correlated with medication adherence, and stronger habit was associated with higher
medication adherence rates, regardless of the theoretical model and/or guiding framework. Habit-based interventions should be
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used to increase medication adherence, and these interventions could leverage widely available mobile technology tools such as

mobile apps or text messaging, and existing routines.

(J Med Internet Res 2020;22(4):€17883) doi:10.2196/17883

KEYWORDS

habit strength; medication adherence; habit index; medication compliance; mobile health; health; digital health; interventions;

mobile phone

Introduction

Background

Medication adherence is defined as taking medication exactly
as prescribed [1]; this includes taking the proper dose at the
right time. M edi cation adherence compri ses three components:
initiation, implementation, and persistence [2]. Medication
nonadherence can occur at any of these three stages because of
the failure to initiate a new prescription, implement it as
prescribed, or persist with treatment [2]. Medication adherence
is not a dichotomous variable (ie, adherence vs nonadherence)
[2] but ismore of acontinuum (ie, variable levels of adherence).
Lower adherence and variations in adherence can lead to loss
of drug effectiveness, toxicity, and drug resistance [3]. Only
approximately 50% of medications are taken as recommended
in different patient populations [4-6], including children with
chronic conditions[7,8]. The costs of |ow medication adherence
are both personal and economic. In the United States, this has
been shown as a cycle where poor medication adherence leads
to poor patient outcomes[9-15] and increased service utilization
and health care costs[9,10,12,16], all of which are passed down
to the patient, further affecting adherence[17]. The Institute for
Healthcare Informatics identified US $500 hillion in savings
across 186 countries with the responsi ble use of medication and
noted that about 8% of the global total health expenditure could
be avoided by improving adherence to medication [2].

Habit is the context-dependent automatic completion of a
behavior [18]. Medication adherence would be an example of
such a behavior where patients may take the same number of
pillsin the same room at the same time of day. Therefore, high
habit strength isthe result of recurring contextual cues[19]. As
habit is automatic, it works independently of, and can even
override, consciousdesireswhen strong enough [19]. Thereare
2 types of medication nonadherence: intentional and
unintentional [20]. Forgetfulness is the number one cause of
unintentional nonadherence [21]. As habit is independent of
conscious cognitive processes, having high habit strength
protects against forgetfulness. Earlier research demonstrated a
relationship between the strength of habit and medication
adherence. Previous research examined habit’s direct effect on
adherence and how habit interacts with more conscious factors
to influence or overrule them [22]. However, the relationship
between habit and adherence remains unclear.

Accessto personal and mobiletechnology is ubiquitous[23-25],
and there has been strong evidence to support the efficacy of
digital or mobile health (mHealth) behavioral interventions, in
particular text messaging and apps as tools to improve
medication adherence [26-34]. These findings make mHealth
i nterventions an appealing approach to optimize habit formation

http://www.jmir.org/2020/4/e17883/

and medication adherence behavior in pediatric and adult
patients with chronic health conditions [35]. However, the
cost-effectiveness of theseinterventions remainsunclear [36,37].

Objective
This review aimed to systematically evaluate the most recent
evidence for habit strength, medication adherence, and
habit-based mHealth interventions across chronic medical
conditions.

Methods

Study Design

Theguidelinesfor the Preferred Reporting Itemsfor Systematic
Reviews and Meta-Analyses (PRISMA) were followed in the
reporting of evidence across the studies reviewed herein [38].
The PRISMA checklist isincluded in Multimedia Appendix 1.
To conduct this systematic review, a literature search was
conducted on the PubMed database on June 25, 2019. Search
terms were used in various combinations, including the
following keywords: habit, habit strength, habit index,
medication adherence, and medication compliance. For thefirst
round of screening, 2 independent reviewers (RS and UB)
conducted the keyword search and removed duplicates. Both
the reviewers (RS and UB) then screened titles and abstracts
independently for eligibility criteriaand removed those that did
not meet our inclusion criteria. Full texts were retrieved for the
studies that were agreed on, and the 2 reviewers (RS and UB)
completed full-text screening independently against our
eligibility criteria. After conducting both screening steps, the
results were compared, and any disagreements were settled by
discussion with athird senior reviewer (SB).

Eligibility Criteria

Eligible studies were original research studies in English and
included validated quantitative measures of habit strength and
medication adherence that have been used in earlier published
studies. Studies examining al ages, conditions, and countries
were included. The included studies needed to evaluate habits
specifically in the context of taking medication. This excluded
lifestyle habits and general habit formation such as smoking,
diet, and exercise. Studies that looked at adding medication to
preexisting habits were al so excluded. We excluded studiesthat
evaluated habit strength and medication adherence solely from
qualitative interviews without any validated measures.

Data Synthesis

A standardized form was used for data extraction. This form
included the following categories: title, author, year of
publication, country, number of participants, age, gender, study
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design, study approach, theoretical model, medical condition,
habit strength instrument, adherence scale, measured habit
strength, measured adherence rates, habit strength and
medication adherence relationship (quantitative), main study
conclusion, other study outcomes, and quality of the evidence.
To assess the quality of the included studies, the Grades of
Recommendation, Assessment, Development, and Evaluation
(GRADE) criteria were used [39]. The GRADE approach
evaluates a body of evidence by starting with a quality level
based on the underlying methodology and then upgrading or
downgrading the quality level based on various factors.
Randomized trials or double-upgraded observational studies
wererated as high. Downgraded randomized trials or upgraded
observational  studies were rated as  moderate.
Double-downgraded randomized trial s or observational studies
were rated as low. Triple-downgraded randomized trials and
downgraded observational studies or case series/case reports

Figurel. Flow of studiesthrough the review according to Preferred Reporti

Badawy et a

were rated very low. Factors that downgrade the quality of
evidence include limitations that suggest bias, indirectness of
evidence, unexplained heterogeneity or inconsistency of results,
imprecision of results, or ahigh probability of publication bias.
Factors that improve the quality of evidence include a large
magnitude of effect (ie, when all plausible confounding factors
reduce ademonstrated effect or suggest a spurious effect when
results show no effect) and dose-response gradient [38]. Data
were analyzed and summarized qualitatively.

Results

Literature Search

Our literature search identified 687 studies for screening (title
and abstract). Of these, 41 full-text studies were reviewed, and
11 studies [9-12,20,22,40-44] met all inclusion criteria. This
processis outlined in the PRISMA flow chart (Figure 1).

ng Itemsfor Systematic Reviews and Meta-Analyses (PRISMA) guidelines.

Records ident;

ified through

database searching
{N = 687)

Records after du|
(n=

] [ Identification

plicates removed
334)
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Records
(n=

[

Records excluded
(n=312)

screened
353)

]
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Full-text articles assessed
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Full-text articles excluded (N = 30), as
they did not meet inclusion criteria
for the following:

41)

[

]

Studies ir

1cluded in .
qualitative and
guantitative synthesis
(n=11) )

Included

[

Description of Included Studies

Study Characteristics

Table 1 summarizesthe study characteristics. Theresearch from
the included studieswas conducted across arange of countries,
including 1 study from the Netherlands [22], 2 from Canada
[10,20], 2 from Ireland [40,41], 3 from the United Kingdom
[11,43], and 3 from the United States[9,42,44]. All theincluded
studies were published over the past 9 years, with the oldest
published in 2011 [22] and the most recent in 2019 [11]. All
studies included studies on habit strength and medication
adherence in a specific chronic disease population including
asthma[22], type 2 diabetes[10,20,42], hypertension [9,40,44],
cystic fibrosis [11,12], and psoriasis [43], except for 1 study
that looked at a population taking oral contraceptives [41]. All
studies included adult subjects, but the participants mean age
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Habit not in context of
medication adherence (n = 6)
e Not original research papers
with no patient data {n = 7)
* Novalidated measure of
habit strength (n= 11)
Medication added to pre-
existing lifestyle habits (n = 6)

ranged greatly from 22.41 to 69.86 years. The number of
participants varied aswell; the included studiesranged from 61
to 901 participants, with a mean of 331.82 participants and a
median of 202 participants. The majority of the studies had a
roughly equal ratio of male to female participants. One study
observed a veteran population [44] with a mean age of 64.1
years, and only 14% women were included in the study [44].
Owing to the nature of the population, a study on oral
contraceptives had a 100% femal e population [41]. Most studies
(n=6) were cross-sectional [10,20,22,40,43], 4 werelongitudinal
studies[9,12,42,44], and 1 was a pilot randomized control trial
[11]. In the included studies, medication adherence was
measured using a combination of self-report questionnaires,
remote monitoring using electronic pill bottles, and in-person
interviews. Themgority of studies (9/11, 82%) measured habit
strength using the self-report habit index and self-report
behavioral automaticity index [9-11,20,22,40-43].
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Table 1. Summary of included studies that evaluated habit strength and medication adherence.
Source (country) Heathcondi-  Participants Age (years), Sex (fe- Study design Theoretical Study assess- Quality of
tion (N) mean (SD) male), n (%) model ments evidence®
Bolmanetal [16] Asthma 139 31.5 (5.60) 99 (71) Cross-sectional  AgEP mogel Mail-out survey,  Low
(Netherlands) study guestionnaire
Burnsetal [14] Type2diabetes 790 64.05(8.20) 387 (49) Cross-sectional  __¢ Telephoneinter-  Moderate
(Canada) study view, question-
naire
Durand et d [19] Hypertension 204 69.86 (10.69) 86 (42) Cross-sectional  cg.grmd Questionnaire Low
(Ireland) study
Guenetteet al [8] Type 2 diabetes 901 62.70 (9.10) 369 (41) Cross-sectional  Tpge Questionnaire Very low
(Canada) study
Hoo et a [10] Cysticfibrosis 123 25.00f (19-31) 52 (42) Longitudinal Habit index Electronic pill Very low
(United King- study measure bottle
dom)
Hooet a [9] Cystic fibrosis 61 27.40 (21.70- 28 (46) Pilot random-  copm-BY Questionnaire, Very low
(United King- 37.10) - low ized control tri-  model electronic pill
dom) adherence, a bottle
23.70 (18.40-
32.00) - mod-
erate adher-
ence, and
26.10 (21.20-
37.50) - high
adherence’
Murphy eta [20] Oral contracep- 245 2241 (4.78) 245 (100) Cross-sectional — Questionnaire Very low
(Ireland) tive pill study
Phillipsetal [7] Hypertension 71 67.9(12.28)  45(63) Longitudinal CS-SRM Interview, Low
(United States) study MEMS"
Phillipsetal [21] Type 2 diabetes 103 56.96 (12.94) 64 (62) Longitudinal CS-SRM Interview, elec-  Very low
(United States) study tronic pill bottle,
Fitbit, survey
Thorneloe et al Psoriasis 811 48.10(13.10) 349 (43) Cross-sectional  CS-SRM Questionnaire Moderate
[22] (United cohort study
Kingdom)
Voils et a [23] Hypertension 202 64.10 (11.00) 28 (14) Longitudinal — Survey Very low
(United States) study

3Quiality of evidence assessed using the Grades of Recommendation, Assessment, Development, and Evaluation criteria.

bASE: attitude, social influence, and self-efficacy model.
®Missing data were not reported in the included studies.
dCS-SRM: common sense model of self-regulation.
€TPB: theory of planned behavior.

"Median age (years) is reported when the mean age was not provided in the included studies. IQR in parenthesis.

9COM-B: capaility, opportunity, motivation, and behavior.
PMEMS: medication event monitori ng system.

Description of Guiding M odels

Different behavioral models exist to explain the process that
occurs before a behavior takes place. In the context of this
systematic review, the behavior being studied is medication
adherence. Most studies (8/11, 73%) included theoretical models
that comprised the guiding framework [9-12,22,40,42,43]. A
variety of theoretical modelswere used by theincluded studies:
the attitude, socia influence, and self-efficacy model (ASE)
[22]; the common sense model of self-regulation (CS-SRM)
[9,40,42,43]; the theory of planned behavior (TPB) [10]; and

http://www.jmir.org/2020/4/e17883/

the capability, opportunity, motivation, and behavior model
(COM-B) [11].

The ASE isabehaviora explanatory model that takes alook at
attitude, social influence, and self-efficacy as the predictors of
intention and behavioral change [22]. Adapting the model to
medication adherence, attitude is referred to as “the perceived
pros and cons of taking medication,” socia influence included
“perceived norms and support of important others toward
medication adherence and modeling which is the perceived
behavior of others” and self-efficacy was defined as “the
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person’s belief that they could adhere to medicine” [22]. Habit
was observed as either a moderating or mediating factor in this
model.

The CS-SRM proposes that an individual has a certain
representation of an illnessin their mind that guides how they
respond to an illness threat [45]. The components of theillness
representation areidentity, causes, consequences, timeline, and
controllability [40]. In the context of this systematic review,
the response to illness threat would be medication adherence.
According to the CS-SRM model, treatment-favorable beliefs
lead to the initiation of behavior, and experiential feedback
proves that those beliefs were correct (CS-SRM coherence),
and the behavior was practiced until it became habit, leading
to long-term medication adherence [9].

Fundamentally, the TPB states that attitudes, subjective norms,
and perceived behavioral control createtheintention to perform
behaviors such as medication adherence [10]. When an
individual is given sufficient control over their situation,
intention will be turned into behavior when given the
opportunity to do so[10]. Theincluded study that used the TPB
as a guiding model [10] examined habit as another factor that
influences intention and the performance of medication
adherence behavior.

The COM-B is a behavior system in which capability,
opportunity, and motivation interact and lead to behavior [46].
The behavior itself, then, influences capability, opportunity,
and motivation. Capability includes knowledge, cognitive
ability, and physical skillsto perform a behavior. Opportunity
is defined as factors that lie outside the patient’s environment
that make taking medi cations possible or prompt them to do so

http://www.jmir.org/2020/4/e17883/
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according to the cultural milieu, including the access to
medications and medical care aswell asthe perceptionsrelated
to disease stigma. In other words, opportunity includes any
factor that is not in the hands of the individual. Motivation
energizes and directs behavior. Goals, conscious
decision-making, habitual processes, emotional responding, and
analytical decision-making are al components of motivation.
In the context of this systematic review, habit is part of the
automatic motivation that energizes and directs the behavior of
medi cation adherence.

Description of Habitat Strength M easures

Table 2 summarizes the habit strength and adherence measure
as well as the main outcomes. The magjority of studies (9/11,
82%) measured habit strength using the self-report habit index
and self-report behaviord automaticity index [9-11,20,22,40-43].
The self-report behavioral automaticity index is asubset of the
self-report habit index, and an example item from this index
would betaking this medication is something | do automatically,
which is rated on a scale of 1-5 from strongly disagree=1 to
strongly agree=5 [21]. One study [9] modified this scale by
adding 4 additional questionsthat eval uated the concept of habit
strength more broadly and intuitively (ie, asking patients in
different ways whether or not they have a habit of taking their
medication vs asking them in different ways if they take their
medication without conscious attention, without conscious
awareness, etc). One of the studies [12] built and tested a new
form of measuring habit strength, using the habit index scale
as its guiding model. A total of 2 studies [12,44] used the
multiplicative product of behavior frequency and context
stability.
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Table 2. Summary of habit strength, medication adherence measures, and outcomes in the included studies.

Adherence scale and rates

Relationship between habit strength and adherence rates

Source Habit strength measure

Bolman et a [16] . SRHI2

Burnset al [14] «  Sef-report behav-
ioral automaticity
index

Durand et al [19] o Self-report behav-
ioral automaticity
index

Guenette et al [8] « SRHI

o About 71% scoring
high (at least 5/6)

. Mea
HOOa etal [10] . Multi pl i Cathe prod'
uct of behavior fre-
quency and context
stability
HOOb etal [9] . Self-l’eport behav-

ioral automaticity
index

Murphy et a [20] o  Sef-report behav-

ioral automaticity
index
.  Meanhabit strength

per number ocP
missed per month

MARS?

Did you ever forget to take
your medication? on a5-
point scale

Overall adherent range:
58.9%-79.7%

MARS: 36.7% nonadher-
ent

MMAS: 41.1% nonadher-
ent

Prescription refill: 79.7%
adherent

Urine assay

Total nonadherence, 2.1%
Partial nonadherence,
23.8%

MMAS-8 modified French
version

45% high adherence
40.7% medium adherence
14.3% low adherence

Electronic pill bottles

47.30% median adherence
4.9% low adherence
80.5% variable adherence
14.6% high adherence

Chipped nebulizer

75.4% low adherence
13.1% medium adherence
11.5% high adherence

MARS

Mean MARS score per
number of OCP missed
per month:

Never: 5.85
Once: 7.49
Twice or more: 10.12

Correlation r=0.61; P<.001

Depressive symptoms:. beta=.08; P<.001; 95% Cl 0.04 to
0.12

Diabetes distress; beta=.09; P<.001; 95% CI 0.04 to 0.12
Major depressive syndrome: beta=.07; P<.001; 95% CI 0.03
t00.11

MARS: correlation r=0.36d; P<.001

MMAS: correlation r:0.35d; P<.001

Prescription refill: correlation r=0.08

Urine assay: correlation r=-0.02

Adherence composite: correlation r=0.36; P<.001

Hierarchical regression analysis: beta=.44; P<.001; adjusted.
R%=0.22, AR?=0.19; ; P<.001

Unintentional adherence: beta=-.45; tog3=—7.04; P<.001
Intentional adherence: beta=—.22; tyn3=—3.08; P<.01

Adjusted OR® 1.65; 95% CI 1.35 to 2.03; P<.001

Overall cohort: R=0.40; 95% Cl 0.36 to 0.44; beta=.30; 95%
Cl -1.04to0 1.65

Adherence consistently low: R=0.24; 95% Cl 0.04 to 0.44;
beta=3.03; 95% CI -9.68 to 15.76

Variable adherence: R=0.45; 95% CI 0.41t0 0.49; beta=.08;
95% Cl -1.44 t0 1.60

Adherence consistently high: R=0.20; 95% CI 0.13t0 0.27,
beta=.61; 95% CI -1.90 to 3.13

Median habit strength in different subgroups:

. Low adherence: 9.0, IQR 4.8-12.0

o  Moderate adherence: 14.5, IQR 11.3-18.3

«  High adherence: 18.0, IQR 14.0-20.0

« All significantly correlated with adherence levels,
P<.001

Correlation r=—0.24%; P<.001
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Source Habit strength measure  Adherence scale and rates Relationship between habit strength and adherence rates
Phillips et al [7] o  Sdf-report habitin- « MARS, MMAS, MEMS" ¢  Bivariate relationship (correlations):
dex, with 4 addition- « MARS: 0.37
al questions «  Mean adherence .« MMAS 0.26
_ « MEMSdose frequency: 0.42
« MMAS=0.80 S
. MEMStiming adher- +  MEMSdosetiming: 0.49
ence=76% ] ) ] )
«  MEMSdosing adher- « Hierarchical regression analysis:
ence=96% *  MARS: AR?=0.11; P<.01
*  MMAS: AR?=0.06; P=.04
*  MEMSfrequency: AR?=0.17; P<.001
*  MEMStiming: AR?=0.27; P<.001
«  Unintentional nonadherence: beta=—.32; tgg=—2.55; P=.01
« Intentiona nonadherence: beta=-.23; tgg=—1.82; P<.07
Phillips et al [21] « Sdf-reportbehav-  MARSand MEMS «  Bivariate correlations:

Thorneloe et al [22]

Voils et a [23]

ioral automaticity
index

Mean medication-
taking habit strength
3.75

Self-report habit in-
dex

Mean 41.5 for self-
administered sys-
temic therapy

Product of frequen-
cy and mean of 5
situationa consisten-
cy items

Mean adherence:

MARS=4.66
Self-reported intentional
nonadherence=1.24
Self-reported unintention-
a nonadherence=1.76
MEMS % days adher-
ent=76.19

MEMS % doses on
time=60.68

MARS
Overal:

22.4%, nonadherent

12% intentional
10.9% unintentional

Conventional:
29.2% overall

15.3% intentional
14.5% unintentional

Biologic:

16.4% overal

9.1% intentional

7.7% unintentional
Patient ratingand MMAS-
8

60% nonadherent

MARS: 0.40, P<.001

Self-reported intentional nonadherence: —0.34; P<.001
Self-reported unintentional nonadherence: —0.41;
P<.001

MEMS % days adherent: 0.37; P<.001

MEMS % doses on time: 0.40; P<.001

o MARS (with control variables): beta=0.15; 3=.32; P<.001
«  MEMS (with control variables): beta=8.57; f=.32; P<.01

«  Multivariable regression model:

0.94 overall nonadherence: 95% Cl 0.91 to 0.97
0.95 intentional nonadherence: 95% CI 0.92 to 0.98
0.92 unintentional nonadherence: 95% CI 0.89 to 0.96

. Extent of nonadherence: correlation r=—0.39; P<.001

8SRHI: self-report habit index.
PMARS: medication adherence report scale.
MMAS: Morisky medication adherence scale.

d47-scores averaged. So greater MARS and MMASS scores represented greater nonadherence.

€OR: odds ratio.

focp: ol contraceptive pill.

9INegative because lower MARS score represents better adherence.
PMEMS: medication event monitori ng system.
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Description of Adherence Measures

The most common measures of adherence were the medication
adherencereport scale[9,22,40-43] and the Morisky medication
adherence scale [9,10,40,44]. Other measures of adherence
included medication event monitoring systems [7,9,21],
medication possession ratio based on prescription refill data
[19], single item self-report [14], and urine drug monitoring
[14].

Study Methodological Quality

The quality of the included studies ranged from very low to
moderate. Of the 11 included studies, 2 were of moderate quality
[20,43], 3wereof low quality [9,22,40], and 6 were of very low
quality [10-12,41,44]. Table 1 reports the quality of each
included study.

Description of Study Outcomes

Habit Strength, Medication Adherence, and Mobile
Health I nterventions

Table 3 summarizesthe study outcomesrelated to habit strength
and medication adherence. Most studies showed a positive
correlation between habit strength and medication adherence
behavior, suggesting stronger habit formation with higher
medication adherence rates [9-12,22,40-44]. Furthermore,
compared with factors such aspill burden [40], illness coherence
[40Q], treatment-related beliefs [9,40], and experiences with
treatment-related efficacy [9], habit strength was the strongest
predictor of adherence. Habit strength had the strongest
association with medication adherence and medication event
monitoring system dose timing among all the other adherence

http://www.jmir.org/2020/4/e17883/
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measures in 1 study [9]. However, habit strength was found to
be equally correlated to dose timing and days taken in a later
study [42].

Habit strength was also found to mediate the effects of
self-efficacy on adherence [22]. The effect of self-efficacy on
adherence disappeared once habit strength was added to the
hierarchical multiple regression analysis model, and this
relationship was confirmed with bootstrapping analysis [22].
Social horms moderated the rel ationship between habit strength
and medication adherence; in weak habit, a supportive norm of
taking medicine was positively related to adherence, and
supportive normswere only positively correl ated with adherence
when habit strength score was low [22].

Even after adjusting for covariates, such as age and disease
duration, habit strength moderated the association between poor
mental health symptoms and medication adherence [20].
Interaction between habit strength and depressive symptoms
was also observed. When habit strength was weak or average,
depressive symptomswere negatively associated with adherence
[20]. However, if habit was strong, no associ ation was observed
[20]. This same interaction was observed between diabetes
distress and habit strength aswell as between major depressive
syndrome and habit strength [20].

Habit strength was more strongly associated with unintentional
nonadherence than intentional nonadherencein 2 studies[9,40]
but was equally predictive in another study [42]. None of the
included studies reported on using or proposing a habit-based
mHealth behavioral intervention to promote medication
adherence.
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Table 3. Summary of the main study findings.

Source Study outcomes

Bolman et a [16] .

Burnset al [14] .
Durand et a [19] .
Guenette et a [8] .
Hoo% et al [10] .
HooP et al [9] .

Murphy et a [20] .

Higher habit strength is positively correlated with higher adherence.

Habit mediates the relationship between self-efficacy and medication adherence.

Socia norms moderate the rel ationship between habit and adherence; in weak habit, a supportive norm of taking medicine
was positively related to adherence, and in strong habit, supportive norm correlated with less adherence.

Perceiving few negative consequences of taking medicine was associated with better adherence.

Control variables of risk perception and asthma severity were positively correlated with adherence.

Female gender was positively correlated with adherence.

Control variable of internal locus of control negatively correlated with adherence.

From the central concepts, perceiving more pros, social support, higher self-efficacy, and stronger habit was associated
with more adherence.

From the central concepts, habit strength and attitude pros had the strongest correlation with medication adherence.
Socia norm and modeling were not significantly associated with adherence.

Social influence subscales were highly intercorrelated, as well as habit with risk perception, pros, social support, and
self-efficacy.

After hierarchical multiple regression, habit strength proved to be significantly related to adherence. Of the control
variables, only severity remained significant; of the ASE® concepts, only the cons remained significant.

Interaction between habit strength and depressive symptoms was observed. If habit strength was weak or average, de-
pressive symptoms were negatively associated with adherence. However, if habit was strong, no association was observed.
Same significant interaction pattern was observed for diabetes distress and habit strength as well as major depressive
syndrome and habit strength.

Habit strength moderates the association between poor mental health symptoms and medication adherence.

After adjusting for covariates, results remained significant.

M edication-taking habit strength was the strongest predictor of adherence (compared with pill burden, illness coherence,
and treatment-rel ated beliefs).

Habit strength explained 19% incremental variance in adherence beyond treatment-related beliefs.

Habit strength was more strongly associated with unintentional nonadherence than intentional .

Associations among adherence measures were weak to moderate, indicating that multiple measures are necessary to
accurately assess adherence.

Neither treatment-related beliefs nor CSMP coherence predicted adherence, even for patients with weak habit strength.
Pill burden was not associated with habit strength or adherence.
There was no significant interaction between treatment-related beliefs, habit strength, and adherence.

Strong habit was significantly associated with adherence.
Perceived behavioral control, older age, no perceived side effects, alonger period since T2D® diagnosis, and alower

number of NAIDY daily doses were significantly associated with adherence.

Sex, level of education, and income are not associated with adherence.

Intention, insulin use, number and type of NIAD drugs prescribed, perceived cost of antidiabetes medications, and use
of glucometer or weekly pill organizer were not associated with NIAD adherence.

Depressed mood, anxiety, and mental health were not associated with adherence.

Behavioral control was found to be significant, so the 26 underlying beliefs were analyzed, and 12 beliefs were found
to be significant with adherence.

Oneunitincreasein habit index was associated with a0.3% increasein the subsequent week’s adherence after controlling
for current adherence.

Those with variable adherence displayed higher mean cross-correlation coefficients (0.45) compared with those with
consistent adherence (0.20-0.40).

Higher adherers reported stronger habit compared with lower adherers.

A 1-unit increase in habit strength was associated with a 31% increase in odds of being in the next higher adherence
category.

In amultiple ordinal regression model with both habit and concerns scores, only habit was associated with adherence.
Higher adherers had lower prior year intravenous use, tended to have higher %FEV© at baseline, and reported lower
concerns.

Stronger habit strength was associated with better adherence.

Those who never miss an OCP' reported significantly higher habit strength than those who miss 2 or more per month.
There was no difference between those who never miss an OCP and those who miss 1 OCP per month.

Having afixed time of day to take the OCP was associated with better habit strength and adherence.

There is, however, no association between habit strength and taking OCP at different times of the day.

Having afixed place to store the OCP was associated with habit strength but not adherence.
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Source

Study outcomes

Phillipset a [7] .

Phillips et a [21] .

Thorneloeeta [22]

Voilset al [23] .

Habit strength was the strongest predictor of medication adherence (compared with beliefs and experiences plus effica-
cy)—explains 6%-27% incremental variance in adherence to that explained by treatment-related beliefs.
Habit strength was more strongly related to unintentional medication nonadherence than intentional nonadherence.

Patients' CS-SRMY coherence was more strongly associated with intentional nonadherence than unintentional adherence.
Patients’ treatment-related beliefs were not more strongly associated with intentional nonadherence than unintentional
nonadherence.

Habit strength had the strongest association with MEM S" dose timi ng out of all the adherence measures.

The interaction between treatment-related beliefs and habit was not significant for any of the adherence measures.
Patients beliefs and experiences did not predict overall adherence, even for weaker adherence. Patient experience,
however, did predict intentional nonadherence.

Habit strength consistently predicted incremental variance in measured outcomes, both self-reported and measured.
Correlations, between habit strength and % of the doses taken on time vs between habit strength and % of the dayswhen
medications were taken, were not significantly different.

Habit strength does not predict unintentional nonadherence better than intentional .

Habit strength is not relatively more important for predicting medication adherence than physical activity.

Patients in the biological cohort were more likely to be male, have ayounger age of onset of psoriasis, longer duration
of disease, more likely to have adiagnosis of inflammatory arthritis, have lower quality of life scores at the start of
therapy, have longer duration of systemic therapy, have stronger beliefsin the chronicity of their illness, stronger beliefs
that systemic therapy is necessary, weaker concerns about therapy and medicine, greater coherence, and less symptoms
of depression.

Patients using self-administered systemic therapy had strong habit strength.

Being on a conventional systemic therapy, having strong medication concerns, longer treatment duration, and younger
age were factors associated with overall nonadherence.

Being on a conventional therapy and strong medication concerns were also significant for intentional nonadherence.
Being on a conventional systemic therapy, stronger perceptions of psoriasis being achronic condition, younger age, and
longer treatment duration were factors associated with unintentional nonadherence.

Group 1 membership (strongest medication concerns) was associated with intentional nonadherence, and weaker medi-
cation-taking routine or habit strength was associated with unintentional nonadherence.

Dual conceptualization (self-report with psychometric principles) of medication nonadherence has stronger validity and
reliability than other forms that confound these 2 variables.

Extent of adherence was highly correlated with self-efficacy, where lower adherence levels were associated with lower
self-efficacy.

In all, 3items assessing the extent of nonadherence produced reliable scores.

Correlations between the extent and harm subscales with habit strength were above 0.3.

Correlations and comparison measures showed convergent and divergent validity.

Predictive validity was evidenced by correlations between extent and BP.

Means of the reasons items were well below the scale midpoint, and several distributions were positively skewed and
kurtosis. The Morisky scale did not measure a single underlying construct in this sample.

The Morisky score was not correlated with BP.

8ASE: attitude, social influence, and self-efficacy model.

bCSM: common sense model.
°T2D: type 2 diabetes.

9INAID: noninsulin antidiabetic drugs.
€FEV: forced expiratory volume.

focp: ora contraceptive pill.

9CS-SRM: common sense model of self-regulation.
PMEMS: medication event monitoring system.

'BP: blood pressure.

Other Adherence-Related Outcomes

In addition to habit strength, other factors significantly
associated with increased medication adherence included
perceived negative consequences of taking the medication
[10,11,22,43], perceived behavioral control [10], and older age
[10,43]. Longer treatment duration was found to be significantly
associated with adherencein 2 different studies. One study [10]
concluded that longer treatment duration led to higher adherence

http://www.jmir.org/2020/4/e17883/
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because a longer period led to the development of habit. In
contrast, another study [43] concluded that longer treatment
duration led to higher overall and unintentional nonadherence.
Strong concerns were also associated with intentional
nonadherence [43]. Stronger perceptions of having a chronic
condition and younger age were also associated with
unintentional nonadherence[43]. Disease severity also affected
adherence behavior. For those taking asthma medications,
asthma severity was positively correlated with medication
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adherence [22]. Having a fixed time of the day for taking
medi cations was associ ated with better habit strength and better
adherence, but there was no association between habit strength
and the time of the day medications were taken [41]. Having a
fixed place to store the medication was associated with higher
habit strength but not higher medication adherence [41].

In the included studies, factors found to not have arelationship
with  medication adherence were modding [22],
treatment-related beliefs [9,40], and pill burden [40]. The
association of treatment-related beliefs was not stronger for
intentional nonadherence than for unintentional nonadherence
[9]. One study [40] found that common sense model—related
coherence did not have asignificant relationship with medication
adherence; yet, another study [9] found that CS-SRM coherence
was more strongly associated with intentional nonadherence
than unintentional nonadherence. Demographi cs associated with
adherenceincluded sex [10,22], education level [10], andincome
[10]. Although social norms did moderate the relationship
between habit strength and medication adherence, it did not
have a significant relationship with medication adherence by
itself [22]. One study [20] found that there was an interaction
between habit strength and mental health symptoms; however,
depressed mood, anxiety, and mental health by themselveswere
not associated with adherence [10]. Patient experiences did not
predict overall nonadherence but did predict intentional
nonadherence [9].

Discussion

Principal Findings

Our systematic review contributes to the literature on habit
strength and medication adherence across chronic medication
conditions. We found that habit strength was strongly correlated
with medi cation adherence, with stronger habit being associated
with higher medication adherence rates, regardless of the
theoretical model and/or guiding framework. As the behavior
becomes more automatic, there isless chance for an individual
to forget to take their medicine. We also found that the effect
of habit strength on adherence was aso related to the
individual’s self-efficacy, social norms, and mental health
symptoms. This has been explained in earlier studies
investigating the dual-process theories, where an individual’s
behavior isaresult of both deliberative/reflective processes and
implicit/impulsive processes [47]. When conscious processes
are strong, they might be able to overpower the automaticity of
habits. It is aso important to note that many of the social
influence subscales, aswell ashabit, were highly intercorrel ated
in relation to risk perception, pros/cons of taking medication,
social support, and self-efficacy [22].

In 1 study [40], it was determined that associations among
adherence measureswere wesk to moderate. Thisindicatesthat
multiple measures are necessary to accurately assess adherence,
as was done in some of the included studies. In addition,
self-report questionnaires run the risk of social desirability bias,
so monitoring with electronic pill bottles or looking into
prescription pharmacy refill records are other important and
informative ways of measuring medication adherence.
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Our findingsin thisreview suggest that interventionsto increase
medication adherence could be more effective if they focused
on developing a stronger habit among individuals. One way to
build astronger habit isby reminding the patient whenit istime
to take their medication [18], such as with pill bottle caps that
light up when it istime to take the medication. Another approach
to strengthen a patient’s habit of taking medication isto leverage
technology-based interventions and remind the patient to take
their medication by sending a text message or aert on the
patient’s phone when it istime to take their dose. Interestingly,
arecent review reported that anumber of grants, funded by the
US National Institutes of Health (2014-2018), were focused on
developing and testing mHealth smartphone apps that were
specifically designed to facilitate medication adherence behavior
by reminding patientsto take their scheduled medications, which
could lead to the development of a habit [48]. Furthermore, a
possible habit-based intervention to increase medication
adherenceisto incorporate the medication routine into existing
lifestyle habits such as physical activity, mealtimes, or morning
routines to devel op a stronger habit, which should be explored
further in future research. However, in this review, we focused
our research question on the rel ationship between habit strength
and adherencerates, solely in the context of medication-taking
behavior. It is also important to note that most of the included
studiesin our review were of low quality, and the majority were
observational studies, yet they are informative for the most
recent evidence on habit strength and medication adherence.

Strengths

Our review has some strengths. In all, two authorsindependently
completed the search process at each stage of the systematic
review process, following established methodology guidelines
(PRISMA). Some of the included studies used multiple forms
of measure for medication adherence, making adherence
assessment more accurate. Despite having no eligibility
restrictions on the year of publication, all the included studies
were published between 2011 and 2019, indicating an increasing
interest in the topic of habit strength and medication adherence.

Limitations

It isimportant to note some of the limitations of this systematic
review. Given that all the search results came from 1 database
(ie, PubMed) during the literature search, it is possible that some
relevant studies could have been missed during the process.
However, most of the studies in other databases, such as
PsycINFO, are also indexed in PubMed, and the chances of
missing relevant studies are relatively less. Furthermore, many
of the included studies used self-report questionnaires, an
approach that has the inherent limitation of social desirability
bias. In addition, most of theincluded studieswere observational
and cannot evaluate the direction or the cause-and-effect
relationship between habit strength and medication adherence.
Moreover, it is important to note that the range of countries
represented in the included studies was limited and included
only developed countries. This is important because lifestyle
factors, prescribing practices, and social/cultural norms could
be different in different countries, affecting both the
development of habit strength and medication adherence
behavior. Therefore, the inclusion of studies from only
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devel oped countrieslimitsthe generalizability of this systematic
review. Moreover, examining the relationship between habit

Badawy et a

strength and medication adherence to better understand their
cause-effect association, given that most of theincluded studies

strength and medication adherence should extend beyond were cross-sectional.
developed countries where al the included studies were
conducted. Developing countries have different clinical and
research settings, and gaining insight from studies conducted
there would be essential for future wide dissemination and
implementation efforts of adherence-promoting behavioral
interventions. Finally, this systematic review looked primarily
at chronic health conditions, and further research should
investigate the connection between habit strength and adherence
behavior in nonchronic conditions. In addition, future research

should also assess the longitudinal relationship between habit

Conclusions

In conclusion, stronger habit has been associated with higher
medication adherence rates. This is consistent with published
literature indicating that forgetfulness is the leading cause of
unintentional medication nonadherence. All studies in the
literature examined habit strength in the context of
nonadherence. Future rigorous longitudinal studies are needed
to examine the direction of the relationship between habit
strength and medi cation adherence behavior.
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Abstract

Background: Web-based sourcesareincreasingly employed inthe analysis, detection, and forecasting of diseases and epidemics,
and in predicting human behavior toward several health topics. This use of the internet has come to be known as infodemiology,
a concept introduced by Gunther Eysenbach. Infodemiology and infoveillance studies use web-based data and have become an
integral part of health informatics research over the past decade.

Objective: Theaim of this paper isto provide ascoping review of the state-of-the-art in infodemiol ogy a ong with the background
and history of the concept, to identify sources and health categories and topics, to elaborate on the validity of the employed
methods, and to discuss the gaps identified in current research.

Methods: The PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) guidelines were followed to
extract the publications that fall under the umbrella of infodemiology and infoveillance from the IMIR, PubMed, and Scopus
databases. A total of 338 documents were extracted for assessment.

Results: Of the 338 studies, the vast majority (n=282, 83.4%) were published with IMIR Publications. The Journal of Medical
Internet Research features almost half of the publications (n=168, 49.7%), and JMIR Public Health and Surveillance has more
than one-fifth of the examined studies (n=74, 21.9%). The interest in the subject has been increasing every year, with 2018
featuring more than one-fourth of the total publications (n=89, 26.3%), and the publicationsin 2017 and 2018 combined accounted
for more than half (n=171, 50.6%) of the total number of publications in the last decade. The most popular source was Twitter
with 45.0% (n=152), followed by Google with 24.6% (n=83), websites and platformswith 13.9% (n=47), blogs and forums with
10.1% (n=34), Facebook with 8.9% (n=30), and other search engineswith 5.6% (n=19). Asfor the subjects examined, conditions
and diseases with 17.2% (n=58) and epidemics and outbreaks with 15.7% (n=53) were the most popular categories identified in
this review, followed by health care (n=39, 11.5%), drugs (n=40, 10.4%), and smoking and alcohol (n=29, 8.6%).

Conclusions: Thefield of infodemiology is becoming increasingly popular, employing innovative methods and approaches for
health assessment. The use of web-based sources, which provide us with information that would not be accessible otherwise and
tackles the issues arising from the time-consuming traditional methods, shows that infodemiology plays an important role in
health informatics research.

(J Med Internet Res 2020;22(4):€16206) doi:10.2196/16206

KEYWORDS
big data; infodemiology; infoveillance; internet; review; web-based data

specifically the Internet, or in a population, with the ultimate
aim to inform public health and public policy” [1]. The first
official mention of infodemiology according to a search in
PubMed (ie, baring the term on the title) was by Gunther
Eysenbach in 2002 [2]. However, infodemiology studies (ie,
assessment of health-related topics using web-based data [3])

Introduction

Infodemiology (ie, information epidemiology) isafieldin hedlth
informatics defined as “the science of distribution and
determinants of information in an electronic medium,
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can betraced al the way back to 1996. Two more studiesin the
2000s use the term (PubMed): one in 2004, where the quality
of hospitals websites was assessed [4], and one in 2006,
showing that flu data from Google correlated with influenza
cases[5].

Thelarge corpus of publicationsin infodemiology were present
after 2009, with the first complete presentation and assessment
of the subject being found in the scoping review of Bernardo
et a [6] published with IMIR Publications—the main publisher
of infodemiology and infoveillance studies.

Social media and search queries are the most popular sources
for retrieving information from web-based sources. The use of
social mediais constantly expanding [7], with more users and
including morefeatures. Search query dataisalso of significant
value, as they take into account the revealed and not the stated
users preferences [8,9], but methodology should be designed
with caution to ensure the validity of the results [10].

Popular social media data sources in infodemiology include
Twitter [11-17], Facebook [18-22], and Instagram [23,24].
Queries from search engines are mostly retrieved by Google
Trends[25-32], aswell as Yandex [33-35], Baidu [36,37], Bing
[38], Yahoo [39], and Daum [40,41]. Other popular sources
include websites and platforms [42-45]; blogs, forums, and
online communities [46-52]; and, what has received attention
lately, mobile apps of certain health categories (eg, asthma[53]
and heart failure self-care management [54]). Significant focus
has been shown in combining two or more sources such as
Facebook and Instagram [55], Facebook and Twitter Posts[56],
US newspaper media and Facebook [57], and Google and
Wikipedia[58].

The use of web-based sources offers an assessment of real-time
information, whether it is from Twitter, Google, or other social
media and search queries. For health data retrieved through
traditional methods such asregistries, questionnaires, or surveys,
analysis and assessment can take time to perform. Thus,
nowcasting using said methods is not trivial. However,
web-based (real time) data has been shown to significantly
contribute to the analysis and forecasting of certain diseases,
outbreaks, and epidemics.

Therefore, this specific part of health informatics has benefitted
from infodemiology. In particular, one of the most studied
diseases is influenza, and several data sources have been
employed to predict and assess flu-rel ated topics[39,40,59-76].
Epidemics and infectious diseases that have been analyzed and
assessed using infodemiology and infoveillance approaches
include HIV/AIDS[77-79], measles[80-83], and the Zikavirus
[84-87].

Infodemiology topics have also been the subject of research for
several reviews on various topics like curable sexualy
transmitted diseases (STDs) [88] and mental health disorders

http://www.jmir.org/2020/4/e16206/
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[89], and for data sources like search queries, social media[6],
mobile phone apps[90], Twitter [91], and Google Trends[92].

Infodemiology has contributed to health assessment with the
analysis of arange of topics. In specific, popular categoriesin
the field of infodemiology and infoveillance include drugs
[39,93,94], marijuana[95-97], depression and suicide[98-108],
smoking and tobacco [109-116], electronic cigarettes
(e-cigarettes) [117-126], and hookahs [127-130]. As far as
chronic diseases are concerned, the assessment of diabetes
[131-136] and multiple sclerosis[137,138] has benefitted from
infodemiology and infoveillance studies. Other topics include
breast cancer [139-142]; fithess and diet [ 143-146]; health care
performance, evaluation, and dissemination [147,148]; and
human papillomavirus (HPV) [149-154].

Thisreview aimsto update and expand the 2013 scoping review
of Bernardo et a [6]. The authors of said review provided a
well-structured outline of how infodemiology was employed
in health informatics research up to that point, but asis evident,
the large corpus of studies in the field have been published
within the last couple of years. This update on the subject is
important in identifying how infodemiology has contributed to
health informatics over the past decade compared with
traditional surveillance methods, the main web sources used,
and the individual health categories and topics that have been
explored. Apart fromidentifying the“metrics’ of infodemiology
studies (ie, numer of publications, thematic topics, journalsand
publishers, and data sources), this review aims to identify the
advantages, disadvantages, and value and validity of
infodemiology and infoveillance.

Methods

To select the publications in the fields of infodemiology and
infoveillance, the Preferred Reporting Items for Systematic
Reviewsand Meta-Anayses (PRISMA) Extension for Scoping
Reviews [155,156] were followed. The procedure is depicted
in the PRISMA flow diagram in Figure 1.

In the IMIR Publications database, all papers from the two
relevant electronic collections (e-collections) were retrieved:
225 documents from the “Infodemiology and Infoveillance’
[157] e-collection in the Journal of Medical Internet Research
and 185 from the “Infodemiology, Infoveillance, and Digital
Disease Surveillance” [158] e-collectionin IMIR Public Health
and Surveillance. After removing the duplicates and 2
documents for article type eligibility, 227 documents were
extracted in total. Next, 66 documents were handpicked from
the JMIR publications database based on searches of data
sources (ie, “Twitter,” “Google Trends,” and “Google Flu
Trends’). After 10 documents were excluded based on article
type, atotal of 56 documents were handpicked from the IMIR
database.
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Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses diagram for selecting the publications from JMIR, PubMed, and

Scopus.
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Next, theterm “infodemiology” was searched for in the PubMed
database from January 1, 2009, to December 31, 2018, in the
searchfield " Title-Abstract.” The search returned 94 documents.
The term “infoveillance” was then entered for the same period
and in the same field, and the search returned 51 documents.
Theduplicateswere 39intotal, and 2 documents were excluded
based on article type; atotal of 104 documents were extracted
from the PubMed database. The terms “infodemiology” and
“infoveillance” were then independently searched for in the
Scopus databasein the “Articletitle, Abstract, Keywords” field
for the full years 2009-2018. The search returned 88 and 43
documents, respectively (ie, atotal of 131). After removing 33
duplicates and 4 documents for article type criteria, a total of
94 documents were extracted from the Scopus database.

Overadll, all studiesthat included the terms “infodemiology” or
“infoveillance” in the “Title/Abstract” field in PubMed up to
December 2018 and all studies including the terms
“infodemiology” or “infoveillance” inthe“Articletitle, Abstract,
Keywords’ field up to 2018 in Scopuswere selected. For IMIR,

http://www.jmir.org/2020/4/e16206/

RenderX

all articles in the two relevant e-collections, as well as the
articles derived by the individual data source searches, were
included in this review. Articles were only excluded based on
articletypeéligibility (eg, correction, erratum). After removing
the duplicates from the IMIR, PubMed, and Scopus databases,
the total extracted documents from all databases were 338.

Results

Table Alin Multimedia Appendix 1 consists of the 338 selected
publications included in this review, and shows the authors
names, publication year, the title, and the journal used for the
analysis. Figure 2 depicts the number of publications by year
from 2009 to 2018.

The number of publications in the subject is increasing every
year, with 2018 featuring more than one-fourth of the 338 total
publications (n=89, 26.3%), and the publications from 2017
and 2018 combined accounted for more than half (n=171,
50.6%) of the total number of publications in the past decade.
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Figure 2. Number of publicationsin infodemiology and infoveillance by year (2009-2018).
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The 338 extracted studieswere published in 57 journalsin total .
The vast majority of the studies in infodemiology and
infoveillance were published with IMIR Publications (n=282,
83.4%). Specifically, the Journal of Medical Internet Research
features aimost half of the publications (n=168, 49.7%), and
JMIR Public Health and Surveillance features almost one-fourth
of the examined studies (n=74, 21.9%).

Figure 3 consists of the numbers of publications per journal
with >2 publications on the subject.

2014 2015 2016 2017 2018

Year

Journals that have published more than 1 paper in the subject
included IMIR Mental Health (n=9), IMIR Research Protocols
(n=7), MIR Diabetes (n=4), IMIR Cancer (n=3), IMIR Medica
Informatics (n=3), JMIR Pediatrics and Parenting (n=3), the
Journal of Big Data(n=2), and the Interactive Journal of Medical
Research (n=2).

Table A2 of Multimedia Appendix 1 consists of the 338
publications categorized by data source employed. Figure 4
depicts the popularity of the examined data sourcesin terms of
number of publications (some publications employed morethan
one data source).

Figure 3. Number of publicationsin infodemiology and infoveillance by journal (2009-2018). |IEEE: Institute of Electrical and Electronics Engineers,

JPH: IMIR Public Health and Surveillance.
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Figure 4. Number of publications by data source (2009-2018).
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152

Of the 338 publications, the most popular source was Twitter
with 45.0% (n=152) and is continuously gaining popularity.
Google sources were in second place with 24.6% (n=83),
followed by websites and platforms with 13.9% (n=47), blogs
and forums with 10.1% (n=34), Facebook with 8.9% (n=30),
and other search engineswith 5.6% (n=19). The Google category
consisted mainly of publications using Google Trends; although,
the following Google tools have also been identified as main
data sources in several publications: Google Flu Trends (n=6),
Google Anaytics (n=2), Google Insights (n=2), Google
Correlate (n=1), Google Health (n=1), Google News (n=1),
Google AdWords (n=1), Google Video (n=1), and Google Blog
Search (n=1).

The “other search engines’ category consists of Bing (n=7),
Baidu (n=4), Yandex (n=4), Daum (n=2), and Yahoo (n=3),
and the “other social media’ category consists of YouTube
(n=5), Yelp (n=5), Googlet (n=4), Foursquare (n=1),
SoundCloud (n=1), Tumblr (n=1), Pinterest (n=1), and MySpace

http://www.jmir.org/2020/4/e16206/

RenderX

Data Source

(n=1). Yahoo answers (n=2) wasincluded in the blogs, forums,
and communities category.

Although many heath topics have been examined in
infodemiology and infoveillance, some are significantly more
popular. Figure 5 depicts the general categories in terms of
number of publications, while Figure Al of Multimedia
Appendix 2 consists of the pie charts of their subcategories. All
individual topics and subtopics identified in this review by
number of publications can befound in Table A1 of Multimedia
Appendix 2.

In the 338 publications examined in this review, the most
popular subjects were conditions and diseases with 17.2%
(n=58) and epidemics and outbresks with 15.7% (n=53),
followed by health care with 11.5% (n=39), drugs with 10.4%
(n=35), smoking and alcohol with 8.6% (n=29), and mental
health with 8.3% (n=28). Infectious diseases with 8.0% (n=27)
and cancer with 6.8% (n=23) were also featured in several
publications. The categories of diet and fithesswith 4.1% (n=14)
and mother and child with 2.7% (9) were less popular.
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Figure 5. Health categories by number of publications (2009-2018).
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Discussion

Principal Findings

In this scoping review, the most popular web-based data source
aswell asthe most studied health categories in infodemiology
and infoveillance were identified through a systematic search
of the existing literature.

Time Lineand Journals

Based on the results, the use of web-based data in health
informatics is significantly increasing year by year, with half
of the publications from 2009 to 2018 being in the last couple
of years. The IMIR Publications database isthe most significant
contributor in terms of the number of publications on the subject
(n=282/338, 83.4%), especialy given that the most significant
infodemiology-oriented journa (ie, IMIR Public Health and
Surveillance) is published with IMIR Publications. The concept
of infodemiology, introduced by Gunther Eysenbach in 2002,
has been gaining significant recognition since its birth, and it
isevident that it will play an even more significant rolein health
informatics in the years to come, especidly as internet
penetration increases along with the average age of the users.

Data Sources and Tools

Figure 6 depicts the yearly changes in number of publications
for the most popular data sources over the examined period. As
evident, there was a significant increase in the use of web-data
sources over the last couple of years, with Twitter in the lead
in assessing hedlth-related topics by heath informatics
researchers.
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Topic

Despite the increasingly large number of users and the fact that
Twitter is used significantly more than Google, Twitter hasthe
limitation of not being universal. Its pros include that it is an
outlet for official reports and news (eg, governmenta,
politicians), but a significant con is that it is not used by all;
furthermore, not everyone interacts on the site (ie, tweets or
retweets). The analysis of internet search traffic data—mainly
from Google but from other search engines as well (eg, Bing,
Yahoo)—ismore universal in the sensethat internet penetration
hasincreased to apoint where the large majority of people have
access to and use the internet and searching for keywords in
search engines is the most used internet feature. Apart from
this, it also ensures anonymity, deeming it more reliable, as it
usesthe revealed and not the stated users' preferences. However,
the choosing of the keywords (queries) as well as the
methodology for selecting the retrieved data is much more
complicated than with Twitter. In addition, more than one search
engine exists, and thus, not all queries (data) on the respective
selected topic can be retrieved.

On the other hand, there is a significant rise in the percentage
of publicationsin thelast couple of years using datafrom other
social media such as Facebook and Instagram. This could be
showing that younger internet users' preferences in the use of
social media may be revealing a trend of said platforms over
original search queries and websites. Researchers in this field
should closely follow any potential shiftsin internet use, along
with the correspondence and age of users, to ensure—to the
point that is possible with web-based data—that the sampleis
representative and the research aimsto change along with what
istrending. The latter is crucia for infodemiology research to
continue to be valid, and it should be given significant focus.
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Figure 6. Yearly changesin number of publications for the most popular data sources (2009-2018).
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Asis evident, there is awide variety of topics that have been
studied up to this point. The most popular topics identified in
this review were illegal drugs, breast cancer, smoking, fitness,
HIV/AIDS, depression, diabetes, influenza, HPV, multiple
sclerosis, Zika virus, suicide, STDs, and e-cigarettes, and
significant attention has been given to the evaluation of health
care such ashospital ratingsand patients’ experiences and health
topics and medical institutions' dissemination strategies.

Approaches include nowcasting epidemics and outbreaks,
surveillance of infectious diseases, assessment of chronic
conditions, and basically everything traditional surveillance
methods have aimed to do. Thus, theresults of thisreview show
not only the increasing popularity of web-based data but also
their significant contribution to the existing literature, as well
as the value of infodemiology in health informatics.

Advantages and Disadvantages

Thedifferencein using web-based data—infodemiology’smain
advantage—isthat it tacklestheissue of traditional surveillance
methods not providing real time assessments. Eveninthe health
sector, where data are generally available compared to other
topics, the gathering, assessing, and publishing of health data
can sometimes take yearsto process. Thisisless of anissuefor
topics such as chronic diseases that are not infectious, but it
makes the assessment and forecasting of epidemics and
outbreaks much more complicated.

Another significant advantage of infoveillance compared to
traditiona surveillance methodsisthe anonymity that web-based
data offers. Online search traffic data are completely
anonymous, and in most social mediaand forums, anindividual
has the option of anonymity. In this way, data retrieved from
said sources are the revealed and not the stated preferences,
which can beaplusfor sensitive topics such as AIDS or STDs.

http://www.jmir.org/2020/4/e16206/
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Despite the many advantages that web-based data sources have
to offer, several limitations have been identified in the use of
infodemiology sources. The main disadvantage of using
web-based sources is that the data can be affected by sudden
incidents or events, which, especially in nowcasting or when
the number of observationsislow, could provide biased results.
Similarly, the sample cannot be shown to be representative,
especiadly in the assessment of online search traffic data;
although, thisislessof anissue asinternet penetration increases.

With real time data that can be retrieved from web sources,
disease surveillance has become much faster than with
traditional methods, and web sources also have the benefit of
assessing large populations, which contrasts with most
traditional methods that are based on data retrieved from
significantly smaller groups, such as with interviews or
questionnaires. Overall, what health informatics should aim
toward in the future is to combine web-data sources with
traditional data assessment to provide an even more complete
assessment.

Limitations

The main limitation of this scoping review was that not all
infodemiology papers could be included. Though the selection
of publications for this work was thorough and followed the
guidelines for proper selection and included the main outlets
for infodemiology papers(ie, IMIR Publicationsand PubMed),
some publications may have been left out; alimitation that all
reviews have. Specifically, articles using the two most popular
infodemiology sources (ie, Twitter and Google) were only
searched for in the IMIR database. Studies using, for example,
Google Trends and Twitter constitute a large body of the
relevant literature, and a significant number of said studieswere
not included as they did not use the specific searched for terms
(ie, infodemiology and infoveillance); the latter being the main
difference from the original Bernardo et al [6] scoping review.
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However, despite the possible reduced number of included
publications that use infodemiology and infoveillance sources
but not the infodemiology or infoveillance terms, as IMIR is
themain outlet for such themed publications, this scoping review
gives a valuable qualitative and quantitative overview of how
the concept has progressed over the last decade, as well as
identifying the main sources and topicsthat have been used and
assessed. Future work should focus on expanding the present
results, as well as recording infodemiology papers based on
tools used. As the search by source yields many results, focus
should be given to future systematic reviews on the subject by
source as has been done, for example, for the use of Google
Trends [92].

Mavragani

Conclusions

Using web-based sources in epidemiology and disease
surveillance has shown to be valuable and valid over the past
decade, and the results of this scoping review clearly point to
thisdirection. Data sources cover awide variety of tools, social
media, platforms, websites, blogs, and search engines, and the
topics that are the most studied vary from chronic disease
prevalence to nowcasting epidemics. Infodemiology and
infoveillance tackle several of the issues that arise with
traditional assessment methods, and, as internet penetration
increases, employing web data sources for health assessment
could be the future in health informatics.
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Abstract

Novel treatment options for eating disorders (EDs) are critically needed to enhance treatment outcomes and reduce the rates of
treatment dropouts. On average, only 50% of individuals receiving evidence-based care remit, whereas 24% drop out before
treatment compl etion. One particularly promising direction involvesintegrating virtua reality (VR) with existing evidence-based
treatments (EBTS) such as cue exposure therapy (CET). Across psychiatric disorders, VR-based interventions are demonstrating
at least preliminary efficacy and noninferiority to traditional treatments. Furthermore, VR technology has become increasingly
portable, resulting in improved acceptance, increased access, and reductionsin cost. However, more efficient research processes
may be needed to uncover the potential benefits of these rapid technological advances. This viewpoint paper reviews existing
empirical support for integrating VR with EBTs (with afocus on its use with EDs) and proposes key next steps to more rapidly
bring this innovative technology-based intervention into real-world clinic settings, as warranted. VR-CET for EDs is used to
illustrate a suggested process for developing such treatment enhancements. We recommend following a deployment-focused
model of intervention development and testing to enable rapid implementation of robust, practice-ready treatments. In addition,
our review highlightsthe need for acomprehensiveclinical protocol that supports clinicians and researchersin theimplementation
and testing of VR-CET and identifies key missing protocol components with rationale for their inclusion. Ultimately, this work
may lead to amore complete understanding of the full potential of the applications and integrations of VR into mental health care
globally.

(J Med Internet Res 2020;22(4):€16386) doi:10.2196/16386

KEYWORDS
virtual reality; exposure therapy; eating disorders; trandlational research; technological innovation

Although evidence-based treatments (EBTs) for EDs
demonstrate reasonable efficacy, on average, only 50% of
Eating disorders (EDs) pose serious risks to psychological and |nd|V|duaIsre_ce|V|ng evidence-based careremit fully [6—8], and
physical health [1,2], resulting in an elevated risk of death for 24% are estimated to drop out before the completion of
those with EDs compared with the genera population [3-5].

Introduction
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treatment [9]. Innovation is needed to improve treatment
outcomes.

Virtual reality (VR) is atechnology that can augment existing
EBTs with the possibility of enhancing treatment outcomes.
Through the creation of immersive computer-generated
experiences, users interact naturally with stimuli representing
the real world while simultaneously benefiting from aclinical,
supervised setting [10]. Moreover, VR shareswith the brain the
same basic mechanism: embodied simulations [11]. In fact, a
VR system, similar to the brain, maintainsamodel (simulation)
of the body and the space around it.

These features offer different potential advantagesfor using VR
to augment existing EBTs for EDs [12-16]. Advantages may
include automating and standardizing ED psychoeducation,
opportunities to practice emotion regulation skills,
reprogramming attentional biases, enhancing insight by
identifying body distortion, changing implicit and explicit
perceptual bodily distortions, reducing weight stigmaand biases,
enhancing empathy among support persons, and augmenting
exposure therapy. In particular, three different randomized
controlled trials[14,17,18] have shown at |ong-term foll ow-ups
(6 and 12 months) that VR-enhanced cognitive behavioral
therapy (CBT) for EDs had a higher efficacy on some outcomes
than CBT aone (eg, greater improvement in body image
disturbances; increased reduction in the frequency of binge,
purge, and overeating episodes; and more weight lossfor obese
individuals with binge eating disorder, BED).

Nevertheless, traditional models for testing treatments, which
include case series and randomized controlled trias to test
efficacy under highly controlled research conditionsin academic
centers, followed by effectiveness and implementation studies,
may render these rapidly changing technol ogies obsol ete by the
time they are clinic-ready. For example, since the early 2000s,
immersive VR has become increasingly sophisticated with
improved  3-dimensional  constructed  environments,
compatibility with mobile phones; and a wide variety of
head-mounted display devices equipped with increased field of
view, higher-resol ution images, and lightweight and comfortable
designs[19]. Testing theseinterventionswithin real-world clinic
settings quickly, before they are replaced by newer technol ogy,
may be crucial to benefit from the existing content and devices
[20].

In this paper, we discuss the great potentia of VR-based
interventions in the treatment of psychiatric disorders and
research efforts needed to support the development of effective
clinic-ready treatments in a timely manner. Of the many
applications of VR in the treatment of EDs [21,22], virtual
reality cue exposure therapy (VR-CET) has the strongest
empirical support at present [18,23-25]. Therefore, wefocuson
VR-CET to anchor the discussion. Specifically, this paper
provides: (1) an overview of VR-CET and its potential
advantagesto augment EBTS; (2) abrief review of the empirical
support for VR-based exposures in psychiatric disorders, with
afocus on VR-CET for EDs; (3) an argument for small-scale
effectiveness trials early in treatment development (following
the deployment-focused model of intervention development
and testing by Weisz et a [20]); and (4) ideas on how VR-CET
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can be more rapidly developed and implemented in real-world
clinic settings, highlighting key missing protocol components,
with rationale for their inclusion.

Advantages of Virtual Reality—Cue
Exposure Therapy

VR-CET provides traditional cue exposure therapy (CET) ina
virtual environment. CET is asubcategory of exposure therapy
that is specific to eating and substance-related disorders. Both
techniques involve repeated, controlled exposures to relevant
stimuli. However, CET was initially specifically designed to
target cravings (vs fear) [26]. CET is based on classica
conditioning, a learning theory that explains how maladaptive
behavior can develop in response to previously neutral stimuli.
According to classical conditioning, repeatedly pairing aneutral
stimulus (conditioned stimuli) with a stimulus (unconditioned
stimulus) that naturally evokes a biologically potent response
(unconditioned response) may eventually result in responding
similarly to the neutral stimulus as one would for the
biologicaly potent stimulus (conditioned response). For
example, in the classical conditioning model of binge eating,
Jansen [27] conceptualizes the intake of food as the
unconditioned stimulus and its metabolic effects as the
unconditioned response. Cues that reliably signal food intake,
such as sight, smell, taste, and the context in which one eats,
act as conditioned stimuli. The presence of these cues
(conditioned stimuli) elicits physiological responses that are
experienced as craving (ie, an amost irresistible urge to eat),
which can increase the probability of binge episodes
(conditioned response) [28-31]. In CET, the main objective is
to weaken the bond between the cues (conditioned stimuli) and
the mal adaptive responses (conditioned responses), which may
mask or inhibit initial learning [32]. Specifically, VR can reduce
eating-related anxiety during and after exposureto virtual food,
helping to disrupt the reconsolidation of adverse, food-related
memories [24,26].

In VR-CET for EDs, patients are repeatedly exposed to
emotionally provoking eating-related situations that typically
result in maladaptive behaviors (eg, binge eating and avoidance).
Exposure is planned gradually and designed to eliminate the
ED behavior. New associations develop with eating-related
anxiety and cravingsin responseto stimuli decreasing over time
[24,33]. Emotional changes may occur, in part, because of the
modifications to dysfunctional thinking and increased
self-efficacy [34]. Other VR exposure programs created in the
context of CBT extend the exposure activities to include
cognitive restructuring and practice using alternative emotion
regulation strategies in response to triggering stimuli. These
strategies may help address core ED symptomatology [31].

VR offers several promising advantages to in vivo exposure
that may result in reduced therapist burden, morerapid symptom
improvement, improved acceptance of treatment, reduced
treatment dropouts, and more accurate measurement-based care.
VR environments may more closely approximate the settings
in which problematic eating behaviors take place compared
with the clinician’s office or imaginal exercises. A therapist can
manipulate a larger number of stimuli within the VR
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environment than in the real world (eg, intensity of the feared
stimulus) and personalize both contextual cues (eg, social setting
and room type) and sensorial cues (eg, smell, sound, and tactile
effects). VR environments can betailored precisely to apatient’s
fear hierarchy (ie, the client’s rank order list of cuesthat elicit
anxiety on a scale from lowest to highest). Extensive evidence
exists showing VR environments produce emotional, behavioral,
and physiological responsesin patients similar to those observed
in real-life situations [15]. Thus, VR enables the therapist to
guide the patient through an exposure or use skillswithinamore
ecologically valid environment, efficiently challenging
dysfunctional mental representations [34] and potentialy
facilitating improved application of the acquired skills and
subsequent generalization. In addition, VR-based exposures
may be amore acceptabl e strategy than the traditional leap from
anin-officeimaginal exposureto anin vivo exposure. Gradually
moving from virtual to in vivo exposures offers a middle step
and a more palliative intervention that may reduce treatment
dropout rates [31,33]. The appeal of a new and exciting
technology may also contribute to the patients’ willingness to
engage with exposuresin VR. Indeed, one study found that 89%
of patientswith specific phobiachose VR over in vivo exposures
when given a choice [35]. Preference for VR over in vivo
exposures may very well be amanifestation of avoidance of the
feared stimuli in patients with specific phobia. For example,
about 25% of patients with specific phobia refuse exposure
therapy [35]. However, reviews [36,37] show limited evidence
that safety behaviors may not be detrimental to exposure efficacy
based on the inhibitory learning model and thus conclude that
judicious use of safety behavior can be clinically indicated. It
is recommended to eliminate safety behavior as soon as the
clients are willing. Thus, in cases in which avoidance appears
to drive the patient’s rationale for in virtuo exposure, VR may
Serve as a stepping-stone to in vivo exposure for patients who
would not otherwise receive care. Furthermore, areview of VR
in the treatment of EDs indicated increased motivation for
change in VR treatments and lower rates of loss to follow-up
compared with in vivo active comparisons across several studies
[1Q]. Finally, data collection and measurements can occur in
session more effectively when using VR. This can eliminate
potential adherence and validity problemswith in vivo exposure
compliance tracking. VR can enable tracking of many
ecologically valid variables (eg, level of anxiety and urge to
binge), which can be recorded and viewed in real time[38].

Unfortunately, studies indicate that many therapists hold
negative beliefs about in vivo exposure therapy for anxiety
disorders (eg, exposure may harm patients, result in symptom
exacerbation, or harm therapists because of vicarious trauma),
which may pose a barrier to treatment dissemination [39]. In
contrast, there is growing interest and increasing acceptability
among therapists regarding VR-based exposure. For instance,
recent studies suggest that therapists have an overall positive
attitude toward VR exposure therapy (pros rated higher than
cons) and view VR as applicableto conditions other than anxiety
[40], including EDs[41]. Lindner et al [40] also noted that high
financial costs and technical difficultieswere no longer top-rated
negative aspects with the release of consumer VR platforms.
However, the authors note that VR has not yet been widely
implemented in routine care, for unclear reasons.
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Empirical Support for Virtual
Reality—Based Exposure With a Focus
on Eating Disorders

The intention of this paper is not to systematically review the
literature on V R-based exposure therapy because that would be
outside the scope of this viewpoint paper. Instead, we provide
an overview of the empirical support for VR-based exposure
with a focus on EDs to highlight the foundational work and
provide context for our arguments in the subsequent sections.
A substantial body of research supportsthe efficacy of VR-CET
and VR-based exposures for numerous psychiatric disorders,
notably those that frequently co-occur with EDs such asanxiety,
substance use disorders, and posttraumatic stress disorder
(PTSD) [42-44]. VR exposure therapy is consistently more
effective than nonactive control groups (ie, waitlist), whereas
comparisons between VR exposure therapy and manualized
CBT and/or in vivo exposures tend to show equivalence in
outcomes[43-49]. Considerabl e research hasfocused on anxiety
disorders (eg, social phobia, panic disorder with agoraphobia,
and specific phobias), with meta-anal ytic studiesreporting large
effect sizes (eg, Cohen d=0.95, ranging from 0.87 in PTSD to
1.79 in panic disorder with agoraphobia) [50]. Meta-analyses
also reveal moderate effect sizesfor VR exposure therapy over
waitlist controls in PTSD [48,49] and show the benefit of VR
exposure therapy in the assessment or treatment of acute stress
disorder and paranoia [51]. These reviews note that although
more research is needed to better understand the mechanisms
of action, VR-specific variables such as a sense of presence
within virtual environments may affect treatment outcomes
[43,45]. Additional important takeaways are that modern VR
systems are becoming increasingly affordable, accessible, and
user-friendly [44] and that VR may be especially useful in
exploring hypotheses related to the processes and mechanisms
involved in exposure therapy because of the high degree of
control and manipulation of specific variables that this
technology alows [45]. Finally, the existing reviews illustrate
theinsufficient state of the current literature, given inconsistent
reporting of key variables[43] and the fact that although studies
have been conducted in controlled research contexts, research
within real-world clinical settings are lacking [45,51].

Compared with research on the use of VR-based exposures for
anxiety and related disorders, the number of studies that have
specifically investigated the use of VR-CET for EDs is small.
With so few individual studies conducted to date, publication
of meta-analyses or reviews of VR-CET for EDs has not yet
been warranted. However, the limited research conducted thus
far is favorable. For example, patients with bulimia nervosa
(BN) and BED who remained symptomatic after CBT showed
a significantly greater reduction in binge eating and higher
percentages of abstinence from binge eating and purging after
randomization to six sessions of VR-CET vs six sessions of
additional CBT [23]. Results from a 6-month follow-up of this
same study revealed that reductions in binge, purge, and
overeating episodes were greater after treatment with VR-CET
[18]. Such results suggest VR-CET is not only efficacious
posttreatment but appears to have lasting effects.
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A tota of three case reports using a similar nonimmersive
VR-CET program as a complementary tool to CBT
demonstrated positive effects with patients diagnosed with
restrictive anorexia nervosa (AN-R), binge/purge anorexia
nervosa(AN-B/P), and BN [52-54]. All patientsreported |ower
levels of anxiety as well as reduced frequency of safety and
avoidance behaviors related to food after completing a short
(six or seven sessions) VR-CET module. Notably, the patient

diagnosed with AN-R increased her BMI from 15 kg/m*t0 16.8

kg/m? [52], the patient diagnosed with AN-B/P reduced her
binge/purge behaviors from two to three times per day to once
per week [53], and the patient diagnosed with BN completely
eliminated binge and purge episodes [54]. Furthermore, the
patients in these case reports reported that VR treatment was
acceptable and helpful [52-54]. Of note, VR exposure was
particularly helpful for exploring thoughts and emations
experienced in the moment while eating avirtual food, enabling
productive therapeutic discussions to take place in an
“‘ecologica’ environment, one that was clinically significant
but also safe” [53].

Given the aforementioned research, VR-CET for EDs may have
value for advancing the field of EDs. The patients' responses
to VR-CET outlined in the research above are rapid. Faster
acting treatments may reduce treatment length and, as aresullt,
reduce clinic wait times—thereby positively addressing access
to careissues. Given these potential advantages, we discussthe
importance of pilot testing in real-world clinical settings at this
stage in the developmental process.

Importance of Small-Scale Effectiveness
Trials

A recent systematic review of VR in the assessment,
understanding, and trestment of mental health disorders broadly
arguesthat the progressinimplementing and disseminating VR
applications has been slow despite growing interest [55]. The
authors propose that VR in mental hedth care could be
revolutionary in that the results of VR treatment may surpass
those of a standard course of EBT [55]. Reilly et a [56]
specifically argue for the expansion of exposure approaches
and techniques, including VR-CET, for EDs. However, to date,
the studies employing VR-CET for EDs have been conducted
in Europe under the highly controlled settings of research trials.
To trandlate this research into clinical practice, VR-CET needs
to be tested in real-world clinic settings.

Historically, across disorders, implementation of VR in
treatment was limited by the cost of technology and concerns
about acceptability (eg, motion sickness experienced by ahigh
percentage of participants) [57,58]. However, over time, VR
technology has become increasingly portable (with the advent
of handheld devices), resulting in improved acceptance,
increased access, and reduction in cost. Market trends suggest
that the demand for VR will rise steeply, with estimates of 55
million headset orders for 2022 alone [59], making VR nearly
ubiquitousin American homes, similar to the personal computer.
This increased access increases the likelihood of bringing
VR-CET into the clinic, with supporting use a home.
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Investigation of how best to tranglate the existing research into
real-world application istimely.

Given thelimited number of efficacy trials of VR-CET for EDs
to date, some may argue that trandating this treatment into
clinical practice at this stage of development is premature. In
traditional models of EBT development, efficacy trials that
provide substantial evidence for the treatment’s success under
controlled conditions are conducted before studying the
treatment in real-world settings. However, as other researchers
have observed [20], the gap between research and real-world
conditionsis sometimes so big that regardless of the treatment’s
robustness under controlled conditions, the treatment isnot able
to endure the conditions of the real world; the task of closing
this gap at the end of a series of efficacy trials becomes
unnecessarily complex and inefficient. Asthe former National
Ingtitute of Mental Health (NIMH) Director Thomas Insel [60]
pointed out, interventions developed in highly controlled
research settings often fail to take into account the key
characteristics of the patients, providers, and settings in which
the intervention will ultimately be implemented, which limits
their practical value. For example, patientswith comorbid issues
are often excluded, and interventions are conducted by highly
trained and closely supervised clinicians. However, in practice
settings, comorbid issues tend to be the rule rather than the
exception, and up to 40% of mental health providers in the
public sector do not have agraduate or professional degree[60].
In addition, setting factors such asbilling constraints and typical
patterns of patient service use (eg, number of sessionstypically
attended in the setting) tend to be overlooked. As a result,
treatments devel oped under highly controlled settings may be
scientifically valid but not necessarily clinically meaningful or
generalizable to real-world clinic settings [60].

Asan alternativeto traditional models of treatment development,
Weisz et a [20] describe a “deployment-focused model of
intervention development and testing” that integrates testing of
treatmentsin practice settings early and throughout the treatment
development process, rather than asafinal phase, to ensure that
they are applicable to and successful in the settings in which
they will be delivered. Notably, the NIMH aso shows interest
in supporting clinic-based treatment development approaches
in the NIMH Strategic Plan for Research [61]. We argue that
deployment-focused model is not only particularly applicable
to VR-CET but also an integral component of its successful
development and testing—particularly given the likelihood of
the technologies involved to become obsol ete. Estimates of the
time lag between when a treatment is initially developed and
when it reaches the stage of dissemination, following the
traditional research models, average about 17 years [62]. We
thus identify a next direction for researchers and practitioners
to trand ate this research into practice.

Translating Virtual Reality—Based Clinical
Trials to Clinical Practice: Future
Directions

Weisz et a [20] propose that the first stage of
deployment-focused treatment development involves the
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creation of atreatment protocol. Indeed, bringing VR-CET into
clinical practice at this stage of development requires the
creation of a protocol that is easily disseminated; adaptable
across cultures and settings; and clearly outlines acceptability,
feasibility, and implementation factors. Assuch, characteristics
of providers and the usual settings in which care is provided
must be considered. Many factorsthat would inform the creation
of this protocol and ensure that VR-CET is practice-ready are
noted in theliterature asimportant but not consistently reported
or described in sufficient detail. More comprehensive and
consistent reporting of these factors has the potential to inform
a VR-CET protocol that would support researchers and
clinicians in becoming comfortable in implementing a
technological innovation that has potential to advance the
treatment for EDs. Thesefactorsinclude (1) patient and clinician
reactions to and satisfaction with VR technology [40,63]; (2)
logistical parameters such as space required, costs, and
ingtitutional buy-in [63]; (3) considerations in creating VR
content, including working with software and/or third-party
vendors and the optimal level of presence (the extent to which
the individual interacts with the VR environment as if it is
reality) for treatment effects to occur [64,65]; (4) clinical
guidelines and outcome data, including outcomes compared
with traditional EBTSs, how to determine patient suitability for
VR, optimal frequency and number of sessions, and the amount
of timewithin the VR environment [66-68]; and (5) parameters
regarding safety and acceptability, including cybersickness (side
effects resulting from our physiological motion detection
systems when in VR) [66]. Addressing these factors in a
treatment protocol and providing examples for how to
successfully execute each point will help move VR-CET from
research settings to clinical practice.

In addition, future research shoul d take advantage of the unique
methods of data collection and assessment availablewithin VR,
including the collection of real-time self-reported datain virtuo
and biological measurements that can track eye movements,
facial gestures, and the movement of body parts. Giventhelarge
number of stimuli that can be manipulated and tightly controlled
within VR environments (eg, intensity of stimuli, contextual,
and sensoria cues), basic science research can utilize VR
applications to advance the understanding of ED mechanisms
of change.

Given that we are suggesting a deployment-focused model of
treatment development for a novel iteration (VR-based) of an
already validated therapy (CET), it isimportant to consider the
risks compared with potential benefits of treatment
implementation. One important risk associated with the
utilization of any VR platform includes cybersickness, a side
effect that 20% to 80% of VR users may experience [69,70].
The symptoms of cybersickness are similar to motion sickness
and can include nausea, headaches, and dizziness[71]. For most
people, cybersickness occurs about 15 min into the VR
immersion, isworst in the first session, and becomes negligible
by thethird session [66]. In addition, clear proceduresto address
cybersicknesswithin VVR-based exposure protocol s can mitigate
the risks associated with these unpleasant symptoms and should
always be included when implementing VR-based therapies

Brown et d

[66]. Another risk is the potential loss of effectiveness when
tranglating an aready validated therapy into V R-based therapy.
A recent review examined the negative effects of VR-based
treatments for anxiety disorders using deterioration rates (rates
of worsening symptomatology) as the primary outcome [72].
Deterioration rates for VR were found to coincide with other
therapeutic approaches; the authors concluded that VR appears
to be a nondeleterious treatment for patients with anxiety
disorders[72]. In addition, meta-analytic studies show that VR
exposure therapy for anxiety-related and trauma-related or
stress-related disorders is not significantly less effective than
in vivo treatment [43-49].

Overdll, the evidence thus far suggests minimal known risk
associated with VR exposure therapy, which may reduce concern
for deployment-focused treatment development. In addition,
the standard of care in clinical practice involves the use of an
informed consent process by which patients are provided with
clear information regarding their treatment options, including
therelative risks and potential benefits of each approach. Given
the minimal known risks associated with VR-based treatments
and the ability of VVR-based exposuresto provide an acceptable
and effective treatment option for those who refuse, drop out
of, or do not progress via in vivo exposures, we believe the
potential benefits outweigh the costs of offering VR-based
exposures as an aternative treatment option. To further
minimize any associated risks of offering a novel treatment
aternative to an already validated treatment approach, we
suggest that the real -world trial s of thistechnology should assess
the patients progress and suggest in vivo exposures or a
different active treatment if a patient is not making progress.

Given evidence that integrating VR technology with EBTs for
EDs such as CBT leads to significantly improved outcomes
[12,15], with faster effects and better mai ntenance than standard
treatment alone [12,16], following the above recommendations
to create and implement a comprehensive VR-CET protocol
may help make evidence-based care more accessible and
cost-effective for patients with an ED. We hypothesize that
implementing VR-CET in rea -world clinical settings may also
foster increased patient participation in and excitement about
treatment through their involvement in designing VR-based
exposures. Furthermore, a patient’s experience of success (eg,
tolerating the urge to binge) within VR may increase their
perception of self-efficacy, enhancing confidence to trandate
therapy skillsto real-world experiences.

Overall, comprehensive study of VR-CET in real-world clinic
settings is a fruitful direction that may advance intervention
protocols for EDs. In particular, a clear protocol for VR-CET
for EDswill help translate the exciting research supporting the
applications of VR into a clinic-ready intervention, providing
a modd use and, ultimately, a more comprehensive
understanding of the full potential of the applications of VR on
mental health care globally. We suggest that continued research
efforts focus on advancing VR-CET following the clinic-based
treatment development approach to more rapidly move
technology-based interventions from research settings into the
real world, as warranted.
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Abstract

Background: Sleep hygiene isimportant for maintaining good sleep and reducing insomnia.

Objective: This study examined the long-term efficacy of a theory-based app (including cognitive behavioral therapy [CBT],
theory of planned behavior [TPB], health action process approach [HAPA], and control theory [CT]) on sleep hygiene among
insomnia patients.

Methods. The study wasa2-arm single-blind parallel-group randomized controlled trial (RCT). Insomnia patients were randomly
assigned to atreatment group that used an app for 6 weeks (ie, CBT for insomnia[CBT-1], n=156) or a control group that received
only patient education (PE, n=156) through the app. Outcomes were assessed at baseline and 1 month, 3 months, and 6 months
postintervention. Primary outcomes were sleep hygiene, insomnia, and sleep quality. Secondary outcomes included attitudes
toward sleep hygiene behavior, perceived behavioral control, behavioral intention, action and coping planning, self-monitoring,
behavioral automaticity, and anxiety and depression. Linear mixed models were used to evaluate the magnitude of changesin
outcomes between the two groups and acrosstime.

Results: Sleep hygiene was improved in the CBT-1 group compared with the PE group (P=.02 at 1 month, P=.04 at 3 months,
and P=.02 at 6 months) as were sleep quality and severity of insomnia. Mediation analyses suggested that perceived behavioral
control on sleep hygiene as specified by TPB along with self-regulatory processes from HAPA and CT mediated the effect of
the intervention on outcomes.

Conclusions: Health care providers might consider using a CBT-1 app to improve sleep among insomnia patients.
Trial Registration: ClinicalTrials.gov NCT03605732; https://clinicaltrials.gov/ct2/show/NCT03605732

(J Med I nternet Res 2020;22(4):€15841) doi:10.2196/15841
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Introduction

Sleep and Insomnia

Inadequate sleep and sleep disorders are among the most
frequent problemsworldwide[1]. Insomniaisthe most common
deep disorder affecting approximately one-third of the general
population [2]. It can have negative consequences on one or
severa spheres in daily life: psychosocial (eg, depression,
daytime dysfunction, reduced quality of life), occupational
functioning (eg, job absence, reduced ability to do tasks, poor
job satisfaction, and inappropriate decisions and choices), or
elevated burden to society (eg, increased health costs, reduced
job productivity) [3-5]. Insomniais described as a dissatisfying
sleep associated with difficulty initiating or maintaining sleep
or early morning awakening despite good opportunitiesfor sleep
leading to various daytime symptoms.

Introducing good sleep hygiene practices is often one of the
first stepsintreating insomnia. Sleep hygienerefersto avariety
of behaviors that promote sleep quality [6]. Sleep promoting
behaviors include avoiding going to bed hungry or thirsty,
avoiding stress and anxiety, avoiding physical activity before
going to bed, preparing a bedroom that provides a relaxed
environment, and limiting activitiesin the bedroom to sleep and
sexual activities [7]. However, behavioral modifications to
improve sleep quality can be hard to achieve; many patients
with insomniareport they have tried to modify their poor sleep
habits without any effect. Dysfunctional or unrealistic sleep
expectations and excessive worrying over sleep loss appear to
contribute to poor sleep hygiene. For instance, a Japanese study
found that sleep hygiene behaviors are confounded by sleep
beliefs[8]. Additionally, dueto the rise of mobiletechnologies,
many individuals now use electronic devices in bed, and this
may restrict individuals with insomnia from practicing good
sleep hygiene (eg, being too excited to sleep due to the use of
media) [9]. Consequently, interventions are needed to help
individuals with insomnia actually practice sleep hygiene.

Simply providing intervention on sleep hygiene behaviors for
individuals with insomnia is insufficient. A review paper of
qualitative studies showed that individuals suffering from
insomnia observe the inefficiency of sleep hygiene education
delivered by health care providers. In particular, health care
providersarefound to have limited knowledgein sleep hygiene
(ie, they only know afew basic principles), and most providers
are unable to incorporate theoretical models or techniques to
deliver sleep hygiene[10]. Therefore, interventions concerning
deep hygiene behaviors should incorporate robust and effective
theoretical models. Indeed, in a systematic review and
meta-analysis, Webb et a [11] found that using theories as a
framework in designing onlineinterventions|ed to asubstantial
effect on outcome variables. Theoretical models can help to
select the components of the intervention and help in evaluation
of theintervention’simpact [12-22]. By designing interventions
based on empirically derived theoretical principles, researchers
can identify the most powerful determinants of agiven construct
[23]. Despite evidence-based recommendations that support the
utility of theory-based approaches for designing interventions
[21], very few studies have considered this aspect [22,24].

http://www.jmir.org/2020/4/e15841/
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Therefore, studies using theory to support treatment efficacy
are much needed.

There are four empirically validated theoretical models
(cognitive behavioral therapy [CBT], theory of planned behavior
[TPB], health action process approach [HAPA], and control
theory [CT]) that may assist individuals with insomnia in

engaging good sleep hygiene.
Cognitive Behavioral Therapy

CBT focuses on the effect of individuals' beliefs, thoughts, and
attitudes on their feelings and behaviors. The purpose of CBT
is to educate individuals on how to proactively deal with
problems or events during their lives [25]. CBT for insomnia
(CBT-I) relieson the general principles of CBT and isdesigned
to relieve insomnia symptoms [26]. The efficacy of CBT-1 has
been demonstrated in studies [27,28], and a randomized
controlled trial (RCT) found that CBT-lI outperformed
medication in the long run [28]. The principles of CBT are
presented to insomnia patients as a set of scientific methods
with assessed efficacy [29]. The principles of CBT-1 include
behavioral modifications such as stimulus control, sleep
restriction, sleep hygiene, relaxation training, and cognitive
therapy. The goal is to adjust sleeping habits using cognitive
strategies to improve thoughts, feelings, and expectations
concerning sleep [30,31]. CBT-I can beheld in group, individual
face-to-face, or online (eg, app-based) sessions based on the
therapist’s priority, patient’s progress, or both [32]. Although
the efficacy of online CBT-l has been well established for
general populations [25], there is a lack of understanding of
how the efficacy of online CBT-I is explained by psychological
mechanisms [33,34]. Therefore, this study incorporated CBT-|
techniques using an app and investigated the underlying
psychological mechanisms in the effectiveness of CBT-I, for
which evidence has been extensively presented in the literature
[26,28-33].

Theory of Planned Behavior

TPB isone of the most widely applied sociocognitive theories.
According to TPB, behaviora intention—an individua’s
expression of their decisionsto perform or not perform a specific
behavior—is the most proximal determinant of an individual’s
behavior. Behaviora intention, in turn, is determined by three
congtructs: attitudes toward the behavior (ie, whether an
individual prefers or values the specific behavior), subjective
norms (ie, the opinions of the individual’s significant others on
the specific behavior), and perceived behaviora control (ie,
how confident the individual feels in performing the specific
behavior) [35]. The TPB has been used for understanding a
variety of behaviorsincluding deep hygiene behaviors[7,36-38].
Based on TPB, health care providers may try to improve the
attitude, subjective norm, and perceived behavioral control of
individuals on their sleep hygiene behaviors. Subsequently, the
individual may have elevated intention to practice good sleep
hygiene.

Health Action Process Approach

Despite the success of TPB, thereis evidence that intentions do
not necessarily trandate into actual behavior (ie, there is an
intention-behavior gap) [39]. For this reason, HAPA proposes
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a series of volitional, or postintentional, processes that aim to
bridge the intention-behavior gap. HAPA focuses more on
postintentional processes than TPB. The volitional phase
specifies both action planning and coping planning as mediators
of theintention-behavior relationship. Action planning indicates
how individuals move their intention into action (in this case,
sleep hygiene behaviors). More specifically, individuals make
plansto practice their deep hygiene behavior. Coping planning
indicates how individuals design any plan to overcome the
possible obstacles in the intended behavior (again in this case,
sleep hygiene). More specifically, individuals make plans to
avoid any potential obstructionsthat hinder their sleep hygiene
behaviors [38]. Using action and coping planning, individuals
can better equip their intention to initiate sleep hygiene
behaviors. Health care providers may assist individuals with
insomnia to facilitate action and coping plans to ensure that
individuals' sleep hygiene behaviors can be implemented and
actualized.

Control Theory

CT explains self-regulation systems, which are critical el ements
in analyzing human behaviors. The fundamental idea of CT is
the negative feedback loop, and a behavior is performed when
the discrepancy between current state (eg, drink a cup of tea
before sleep) and reference value (eg, should not drink caffeine
prior to sleep) is observed by individuals[40]. In order to assess
the discrepancy, the technique of self-monitoring can be
incorporated to the theoretical models mentioned above (CBT,
TPB, and HAPA) to enhance the behaviora intention in
performing sleep hygiene behaviors.

Related Work on App

The insomniaintervention was delivered via a smartphone app
to make it available and accessible to meet population needs;
app-based interventions overcome some of the pragmatic
problems of the face-to-face therapy, including timelimitations
and high costs [41,42]. Indeed, app-based programs have been
developed with highly personalized, tailored, and fully
automated features [43-45]. In relation to exposure of in-person
contact, a CBT-I app can be used as supplementary support to
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in-person therapy or as a primary intervention for insomnia
through fully automated CBT-I (ie, the therapeutic program can
be offered without any human support) [45]. The app designed
in this study is similar to the CBT-i Coach [46]. More
specifically, the app used in this study was designed to increase
patients knowledge and skills using CBT-1 (for detailed
information please refer to the app overview section in the
Methods). Both apps attempt to reduce insomnia symptoms.
Although the CBT-i Coach includes deep hygiene
recommendations in the session, the app used in our study
directly addresses practicing deep hygiene behaviors.
Specifically, some theoretical constructs (eg, behavior change
techniques [BCT4]) for changing participants sleep behaviors
were applied. Also, some techniques derived from behavioral
theories (eg, action planning and coping planning) were used
to hel p parti cipants achieve behavioral goals[47]. Theapp used
in this study focuses on changing people's sleep behaviors
whereas other available sleep apps emphasize sleep mentoring
[44]. Additionally, the apps summarized by Choi et al [44]
generally assess sleep quantitatively (eg, sleep efficacy, sleep
time) rather than taking sleep quality into account.

Study Aims

This study aimed to determine the long-term treatment efficacy
of atheory-based app using CBT, TPB, HAPA, and CT on sleep
hygiene among insomnia patients. The primary evaluation
involved comparing sleep hygiene behaviors and sleep quality
with a control group that received patient education (PE).

Methods

Design

A 2-arm single-blind parallel-group RCT was launched to
compare CBT-1 and PE groups via an app over a 6-month
period. Potential participants were included after initial
screening and signing informed consent forms. The flowchart
of the study designisshownin Figure 1. Primary and secondary
outcomes were assessed online at basdline, 1 month
postintervention, 3 months postintervention, and 6 months
postintervention.
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Figure 1. Flowchart of study design. CBT-I: cognitive behaviora therapy for insomnia; PE: patient education.

Enrollment

Assessed for eligibility (n=778)

Excluded (n=466)

« Mot meeting inclusion criteriain=388)
¥ + Declinedto participate (n=78)

+ Other reasons (n=0)

Randomized (n=312)

|

¥ [ Allocation ] ¥
Allocated to CEBT-I app (n=156) Allocated to PE (n=156)
+ Receted alocated intervertion (n=1526) + Received allocated intervertion (n=156)
« Did not receive allocated intenvention (give + Did not receive allocated intervention {give

reasons) (n=0) reasons) (n=0)
- [ Follow-Up ] ¥
L

Lost ta follow-up (n=5) Lostto fallaw-up (n=8)
+ Discontinued intervertion (give reasons) + Discontinued intervertion (give reasans)
(n=0) (n=0)

l Analysis : J

Analysed (n=156)
+ Excluded fram analysis (give reasons) (n=0)

Setting, Participants, and Recruitment

This Iranian-based study was advertised using brochures and
postersat 3 universities, 5 colleges, and 10 general physicians

offices aswell as on social media. Interested participants were
asked to access an online platform specifically designed for the
study to complete a screening questionnaire assessing insomnia
symptoms comprising the Insomnia Severity Index (1S), sleep
characteristics, and medical history as well as their time spent
on computers and online. If participants met the initial criteria
and expressed interest, a phone appointment was scheduled to
conduct additional €ligibility assessments. All telephone
interviewswere performed by three research assi stantswho had
been trained by an experienced sleep medicine specialist during
two 3-hour sessions. The sleep medicine speciaist observed
each research assistant during three actual patient encounters.
The sleep medicine specialist and research assistant scored the
patientsindependently. The scoreswere then compared to ensure
that data collection procedures were consistent. There was more
than 98% agreement between the sleep medicine specialist and
research assistant in all cases.

http://www.jmir.org/2020/4/e15841/

Analysed (n=156)
+ Excluded from analysis (give reasons) (n=0)

Selection Criteria

The inclusion criteriawere (1) being age 18 years or older, (2)
having insomnia disorder according to the Diagnostic and
Satistical Manual of Mental Disorders, Fifth Edition (DSM-5)
[48], (3) having an ISl score of 10 or higher [49], (4)
understanding Persian, and (5) having access to a smartphone
and/or desktop computer with internet access.

Participants were excluded if they (1) had an uncontrolled
medical condition that interfered with sleep or required
immediate treatment (eg, obstructive sleep apnea requiring
continuous positive airway pressure treatment), (2) did shift
work, (3) were pregnant, (4) were participating in other research
and/or clinical trias, (5) had received psychotherapy in the past
6 months, (6) had current major depressive disorder based on
the Structured Clinical Interview for DSM-5 disorders, (7) had
a self-reported diagnosis of schizophrenia or psychosis, (8)
showed evidence of alcohol abuse (more than 3 glasses of
alcohol per day at least 21 daysamonth), (9) misused marijuana
(use more than once per week), (10) appeared suicidal, or (11)
had children aged under 2 years. After baseline assessments,
participantswere randomly assigned to acontrol group receiving
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PE or a treatment group receiving CBT-1. Both study groups
had accessto their related content on the app.

Sample Size Calculation

The sample size was estimated based on previous studies on
internet-based self-hel p insomniainterventions with amoderate
effect size[42,50]. Using a 2-tailed test with asmall-to-medium
effect size (Cohen d=0.40) and significance level of P=.05, a
total sample size of 266 (ie, 133 per group) had 90% power. To
include an estimated dropout rate of 15%, entire sample size
wasincreased from 266 to 312 participants (ie, 156 per group).

Randomization and Allocation Procedures

Participants who met the inclusion criteria and signed the
informed consent were randomly assigned to a control group
(PE) or atreatment group (CBT-I) at a1:1 ratio. Randomization
was performed by an independent researcher via arandom list
generated using SPSS Statistics 24.0 (IBM Corp). Because
blinding participants from treatment condition wasimpossible,
the study blinded the data analyst using a code system for
treatment condition. Moreover, the data analyst did not have
accessto the key document. Participantsin both groups received
assistance from atrained research assistant to help them install
and unlock the app. To avoid contamination, participantsin the
PE group could not accessthe CBT-1 content, which waslocked
using a personal code.

App Overview

The app was designed based on a combination of TPB, HAPA,
and CBT-I [29] and used the self-help concept [19] in order to
treat insomnia. Several BCTsareintegrated inthe app, including
information about health consequences, information about social
and environmental consequences, habit formation, habit reversal,
pros and cons of performing sleep hygiene behaviors,
reconstructing the physical environment, reconstructing the

Rajabi Majd et a

social environment, self-monitoring of behavior, action planning,
and problem solving [51]. The intervention contents were
designed across 6 weeks, with exercises and subtutorials
automatically provided each week (Table 1). Detailed
information with screenshots is provided in Multimedia
Appendix 1.

The content of the CBT-I was designed for treating patients
with insomnia individually using weekly sessions, with each
session lasting approximately 1 hour. However, participants
could completetheir sessionsmore quickly (ie, lessthan 1 hour)
if they improved faster. The content of session 1 was provided
for participants using plain text. For sessions 2 and 3, we used
a variety of relaxation tools via audio guided meditation
exercises as well as images. Session 4 provided correct
information concerning seep in plain text and tables, addressing
incorrect information about insomnia participants may have
heard. In sessions 5 and 6, plain text and tables were used to
help participants plan their sleep hygiene behaviors. A sleep
diary was used along with the ISI completed by participantsto
help them understand their daily Seep improvements.
Development of the current app is still at an early stage, and
customizing content to suit individual specific situationsisunder
consideration for an updated version of the app. The current
version does not have individually tailored content.

Accessto the app content was provided to the participants each
week; participants could not view the app content for weeks 2
through 6 (ie, sessions 2-6) when they were in week 1 of the
intervention, but as participants continued, previous sessions
remained unlocked. Every week, there was homework or an
exercise, and participants were encouraged to complete it
weekly. The content in the next session was opened the
following week. Most of the participants used the app as
recommended, and a reminder text message was sent to those
who did not open the session content on time.

Table 1. Key intervention points for cognitive behavior therapy (BCT) used in the insomnia app.

Behavior change technique®

Targeted outcomes

BCT 5.3: information about social and environmental consequences (week 1)

BCT 9.2: pros and cons (week 1)

BCT 8.3: habit formation (week 2)

BCT 12.1: reconstructing the physical environment (week 2)
BCT 8.4: habit reversal (week 3)

BCT 12.3: reconstructing the socia environment (week 3)
BCT 2.3: self-monitoring of behavior (week 4)

BCT 1.4: action planning (week 5)

BCT 1.2: problem solving (week 5)

Attitude and intentions to perform sleep hygiene behaviors
Attitude and intentions to perform sleep hygiene behaviors
Behavioral automaticity

Perceived behavioral control

Behavioral automaticity

Perceived behavioral control

Self-monitoring

Action planning

Coping planning

8Behavior change techniques are sourced from the taxonomy of Michie et al [51]. For instance, BCT 5.3 (information about social and environmental
consequences) represents the subgroup of the taxonomy natural consequence (group 5).

Patient Education Procedure

Participantsin the PE group received written weekly information
on accurate and relevant information regarding insomnia
symptoms (week 1), physiological controls of deep (week 2),
sleep hygiene practices (week 3), healthy sleep behaviors (eg,
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reducetimein bed, get up at the same time every day, go to bed
only if sleepy, and do not stay in bed unless asleep; week 4),
and changing lifestyles to promote sleep health (week 5). The
information was presented as separate content from the CBT-I
in the app. This weekly information was unlocked for
participants on a weekly basis. Participants in the PE group
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were informed that they could access the CBT-I content on the
app at the end of the study (6 months after completing the
intervention).

M easures

All  participants completed a sociodemographic profile
guestionnaire (age, gender, educational status, occupational
status) at the baseline assessment and primary and secondary
outcomeswere assessed. The compl ete measures used to assess
primary and secondary outcomes are shown in Multimedia
Appendix 2.

Primary Outcomes

Sleep Hygiene Behavior

Sleep hygiene behavior was assessed using three items. The
participants were asked to report how many daysthey had good
sleep hygiene behavior over the past week (How many daysdid
you make your bedroom restful over the past week?), whether
they avoided going to bed feeling hungry or thirsty, and whether
they avoided anxiety and stress-provoking activity before bed.
Participants were asked to respond on an 8-point scale ranging
from 0 to 7. The internal consistency of the three items was
found to be acceptable in a previous study (a=.78) [38].

I nsomnia Severity I ndex

The ISl is a 7-item self-report scale that assesses participant
level of insomnia over the past 2 weeks. All items are rated on
a5-point Likert-type scaleranging from O=no problem to 4=very
severe problem. A total score is generated by summing al 7
items ranging from 0-28 with 5 subscores. 0-7 (absence of
insomnia), 8-14 (subthreshold insomnia), 15-21 (moderate
insomnia), and 22-28 (severe insomnia). The ISl has been
tranglated into Persian, and its psychometric properties have
been documented among Iranian adults [52].

Pittsburgh Sleep Quality Index

The Pittsburgh Sleep Quality Index (PSQI) is a subjective
measure of sleep quality and disturbances over the past month
that contains 19 items grouped into 7 separate component scores:
subjective sleep quality, sleep latency, sleep duration, habitual
deep efficiency, sleep disturbances, use of sleeping medication,
and daytime dysfunction. Scores are summed to provide aglobal
sleep quality score. The Persian version of the PSQI has been
validated and described in detail [53].

Secondary Outcomes

Attitude

Attitude toward good sleep hygiene was assessed using 5-point
evaluative semantic differential scales (eg, “To make my
bedroom/sleep environment restful would be: unpleasant-
pleasant, good-bad, wise-foolish, correct-incorrect, unenjoyable-
enjoyable, satisfying-unsatisfying, useful-useless’). Internal
consistency of this 12-item scale has been found acceptablein
previous studies [24,38].

Per ceived Behavioral Control

Perceived behavioral control was assessed using three items
(eg, “I am confident that every day | can prevent
anxiety-provoking activity before bedtime”). All items were
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scored on a5-point Likert scale, ranging from 1=totally disagree
to 5=totally agree. The scale has been proved internaly
consistent in previous studies [24,38].

Behavioral I ntention

Behavioral intention was assessed using 6 items (eg, “ Over the
next week, | intend to make my bedroom restful”). All items
were scored on a 5-point Likert scale ranging from 1=totally
disagree to 5=totally agree. Internal consistency of this scale
has been found acceptable in previous studies [24,38].

Action Planning

Action planning was assessed using 4 items. The participants
were asked to indicate if they have made a detailed plan
regarding (1) when, (2) where, (3) how, and (4) how often they
will perform sleep hygiene behaviors over the next 6 months.
All items were scored on a 5-point Likert scale ranging from
1=totally disagree to 5=totally agree. The interna consistency
of this scale has been found acceptable in previous studies
[24,38,54].

Coping Planning

Coping planning was assessed using 5 items (eg, “1 have made
adetailed plan regarding what to do if something interfereswith
my plans’). All items were scored on a 5-point Likert scale
ranging from 1=totally disagree to 5=totally agree. Internal

consistency of this scale has been found acceptable in previous
studies [24,38,55].

Self-Monitoring

Self-monitoring was assessed by 3 items (“1 keep track of how
much time | spend sleeping,” “I pay attention to how tired or
rested | feel each day,” and “I take care to note the time that |
goto bed and wake each day”). Responseswererated onascale
ranging from 1=never to 5=always.

Self-Report Behavioral Automaticity I ndex

The extent to which sleep hygiene behaviors are habitual for an
individual was assessed using the Self-Report Behavioral
Automaticity Index (SRBAI). The SRBAI contains 4 itemsthat
start with the stem “Sleep hygiene behavior is something...”
followed by “I do automaticaly,” “I do without having to
consciously remember,” “1 do without thinking,” and “I start
doing beforel realizel’m doingit.” Thereliability of the Persian
SRBAI has been reported [56].

Hospital Anxiety and Depression Scale

The Hospital Anxiety and Depression Scale is a 14-item scale
that assesses anxiety (7 items) and depression (7 items) in
patients with both somatic and mental problems. All itemswere
scored on a 0 to 3 scale with higher score representing higher
levels of anxiety and depression. The Iranian version of the
scale has been validated in different clinical patients [57].

Data M anagement

All data were collected and stored using the FileMaker Pro 15
(Claris International Inc) database. Participants names, phone
numbers, and addresseswere recorded. Each participant received
aunique code. All datawere password protected and encrypted
to ensure that confidentiality of the data was maintained
throughout the study. The study was monitored (via quality
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control and audits) by the Socia Determinants of Health
Research Center at Qazvin University of Medical Sciences to
ensure compliance with the protocol and applicable regulations
was maintained and data were collected in a timely, accurate,
and complete manner.

Statistical M ethods

All statistical analyses were performed in accordance with
Consolidated Standards of Reporting Trials (CONSORT)
guidelines. Intention-to-treat analyses were performed to take
care of attrition. Descriptive statistics were used to summarize
the characteristics of the participants. To evaluate the magnitude
of changesin primary and secondary outcomes over time across
the two groups, linear mixed models (PROC MIXED) were
performed controlling for baseline variables and other covariates
that may relate to the outcome. The mixed modeling approach
isapowerful statistical tool to evaluate group differences over
time with unequal numbers of participants at baseline and
follow-up. It isaso ahelpful way to handle missing data using
full information maximum likelihood estimation. The analysis
incorporated two between-participant effects (between groups
and between participants within groups) and three
within-participant effects (between times, group by time
interactions, and random variation). All P values were 2-sided
and were evaluated as statistically significant at the .05 level.
All statistical analyses were performed using SAS version 9.3
(SAS Ingtitute Inc).

Ethics and Dissemination

This study protocol was approved by the ethics committee of
Qazvin University of Medica Sciences (IR.QUMS.REC.
1396.455) and is registered with ClinicalTrias.gov
[NCT03605732], last updated July 2018. This study was
performed based on the Helsinki Declaration principles.
Required permissionswere obtained from authorities of Qazvin
University of Medical Sciences. After research assistants

Table 2. Demographic characteristics by condition (n=312).
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expressed objectives and assured participants about the
confidentiality of their dataand possibility of withdrawing from
the study, informed consent forms were signed by those
participants willing to participate in this research.

Results

General Use of the App

App engagement was assessed using an online database that
recorded the number of log-ins and the duration of each log-in
for all participants. The results showed that over the 6-month
study period, the mean number of log-ins in both groups was
41.21 (SD 39.50). Participantsin the CBT group had a higher
number of log-ins (mean 42.65 [SD 42.58]) as compared with
the PE group (mean 40.93 [SD 45.01]); however, thisdifference
was not statistically significant (P=.38). Mean length of time
using the appin all participantswas 1580 minutes (SD 1460.37).
The participants in the CBT group had significantly longer
duration of app use (mean 1780.34 [SD 1770.07] minutes)
compared with the PE group (mean 1370 [SD 450.01] minutes;
P=.03).

Descriptive Statistics in Demographics, Primary
Outcomes, and Secondary Outcomes

Table 2 shows that both CBT-I and PE groups shared similar
demographic characteristics. Specifically, the mean age of the
insomniapatientsin the CBT-I group was 36.21 (SD 5.81) years,
and the mean age of those in the PE was 35.29 (SD 5.76) years.
Slightly less than half of the participants were male in each
group (46.1% [72/156] in the CBT-I group and 42.3% [66/156]
in the PE group).

Table 3 describes the sleep quality (using PSQI), severity of
insomnia(using 1Sl), sleep hygiene behaviors, and health status
of both groups at baseline and 1-month, 3-month, and 6-month
follow-ups.

Characteristic PE2 CBT-I° P value
Agein years, mean (SD) 35.29 (5.76) 36.21 (5.81) .16
Male, n (%) 66 (42.3) 72 (46.1) 49
Education in years, mean (SD) 14.22 (4.28) 14.70 (5.13) .37
Insomnia duration in months, mean (SD) 16.71 (5.33) 15.89 (7.02) .25

3PE: patient education.
bCBT-I: cognitive behaviora therapy for insomnia.
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Table 3. Descriptive statistics for all outcome measures by condition and time.

Outcome PE2 mean (SD) CBT-1® mean (SD)
Baseline Month 1 Month 3 Month 6 Baseline Month 1 Month 3 Month 6

PSQIC 13.34(2.72) 12.23(379) 1242(3.88) 12.34(3.92) 1325(3.13) 9.35(4.82) 9.33(3.82) 9.09(4.02)
19/ 19.21(457) 16.69(4.98) 16.65(4.77) 16.70(5.63) 19.26(4.57) 12.67(5.60) 12.50(5.57) 12.38(5.55)
Sleep hygienebehavior ~ 9.27 (2.46)  12.84(5.74) 12.90(5.27) 13.00(4.25) 9.86(3.14) 1561(5.95) 1557(5.12) 15.82(5.10)
Attitude 269(0.77) 3.22(0.97) 320(L02) 3.23(L19) 274(059) 3.61(0.76) 3.66(0.63) 3.68(0.72)
PRCE 281(0.94) 297(0.74) 294(1.01) 288(0.68)  277(0.86) 4.20(0.84) 4.17(0.59) 4.24(0.89)
Intention 282(1.15) 308(L08) 312(L14) 3.14(L11)  287(L02) 4.33(0.71) 4.37(L06) 4.40(1.09)
Action planning 212(0.63) 236(L14) 238(L18) 234(L22) 218(0.87) 356(L11) 3.67(0.91) 3.64(1.02)
Coping planning 248(0.68) 283(116) 2.86(L14) 289(L21) 243(098) 3.75(0.81) 3.92(0.71) 3.96(0.77)
Self-monitoring 229(0.90) 284(0.97) 285(0.99) 288(0.91)  232(0.94) 3.32(L04) 341(L11) 3.43(L.16)
sreAl" 337(1.20) 305(1.16) 324(1.06) 320(124) 323(112) 450(0.89) 4.48(0.18) 4.52(0.79)
Anxiety? 835(362) 7.82(413) 793(491) 796(488)  822(389) 558(384) 527(363) 550(3.69)
Depression? 6.03(3.30) 5.98(3.13) 594(328) 597(325) 6.30(3.82) 3.81(0.89) 3.36(0.94) 3.22(0.88)

8PE: patient education.

bCBT-I: cognitive behavioral therapy for insomnia.
®PSQI: Pittsburgh Sleep Quality Index.

dsi: Insomnia Severity Index.

®PBC: perceived behavioral control.

fSrRBAI: Self-Report Behavioral Automaticity Index.

9Anxiety and depression were measured using the Hospital Anxiety and Depression Scale.

Effects of the Intervention on Primary Outcomes

The intervention had promising effects on the three primary
outcomes: sleep quality, severity of insomnia, and sleep hygiene
behaviors. Specifically, deep quality was improved among
insomnia patients in the CBT-I group compared with those in
the PE at all follow-ups, as suggested by scores on the PSQI
(P<.001 for 1, 3, and 6 months). Similar improvements were
shown in severity of insomnia (ie, significant decrease in the

http://www.jmir.org/2020/4/e15841/

severity of insomnia among the CBT-1 group compared with
those in the PE group at 1, 3, and 6 months following the
intervention, all P values <.001) and sleep hygiene behaviors
(insomniapatientsin the CBT-1 group significantly engaged in
more good sleep hygiene behaviors than those in the PE group
at 1 [P=.02], 3 [P=.04], and 6 [P=.02] months following the
intervention). Table 4 shows the findings of the linear mixed
models predicting primary outcomes between two groups after
controlling for their age, gender, and education.
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Table 4. Results of the linear mixed models for primary outcomes.
Variables PSQI2 1P Sleep hygiene behaviors

BC (SE) P value (95% Cl) B (SE) P value (95% Cl) B (SE) P value (95% Cl)

CBT-19 (vs PE® at basdling) —0.02(055)  .97(-110t0106)  005(051)  .92(-095t0105)  040(0.66)  .55(-0.89t0 169)
Month 1 (vs baseline) -111(0.46) .02(-2.01t0-0.21) -252(0.37) <.001(-3.25t0-1.80) 356(0.62)  <.001 (2.35t0 4.78)
Month 3 (vs baseline) -0.92(042) .03(-1.74t0-0.10) -2.55(0.36) <.001(-3.26t0—1.84) 3.64 (0.63) <.001 (2.41 t0 4.88)
Month 6 (vs baseline) -1.0(039) .01(-1.76t0-0.24) -2.51(0.44) <.001(-3.37t0-1.65) 3.73(0.69)  <.001 (2.38 to 5.08)
CBT-I (vsPEa 1 month) -2.76(0.64) <.001(-4.01to-1.51) —4.01(0.51) <.001(-5.01t0-3.01) 2.19 (0.93) .02 (0.37t0 4.01)
CBT-l (vsPEat 3months) -3.0(0.66)  <.001(-4.29to—1.71) —4.21(0.56) <.001(-5.31to—311) 2.01(0.96) .04 (0.13t0 3.89)
CBT-I (vsPE & 6 months) -3.16 (0.61)  <.001(-4.36t0-1.96) —4.36(0.50) <.001(-5.34t0-3.38) 2.23(0.91) .02 (0.45t0 4.01)
Age 0.03(0.03) .32(-0.03t00.09) 002(0.04)  .62(-0.06t00.10)  0.09(0.04) .03 (0.01t00.17)
Female 0.31 (0.40) 44 (-0.47 t0 1.09) 0.04 (0.42) .92 (-0.78 t0 0.86) 0.13 (0.35) .71 (-0.56 t0 0.82)
Education 0.44(0.72)  54(-097t01.85) 022(0.38) .56(-0.53t00.97)  0.70(0.54)  .20(-0.361t0 1.76)
Intercept 14.14(1.23)  <001(11.73t016.55) 18.67(1.27) <001(16.18t021.16) 5.99(1.13)  <.001(3.78t08.21)

3PSQI: Pittsburgh Sleep Quality Index.

b Insomnia Severity Index.

B: unstandardized coefficient.

deBT-I: cognitive behavioral therapy for insomnia.
PE: patient education.

Effects of the I ntervention on Secondary Outcomes

In terms of secondary outcomes, analyses indicated that
insomnia patientsin the CBT-1 group had better attitude (P=.03
at 1 month; P=.04 at 3 months; P=.03 at 6 months), stronger
perceived behavioral control (P values <.001 at 1, 3, and 6
months), higher intention (P values<.001 at 1, 3, and 6 months)
to develop good sleep hygiene behavior, and were more likely
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to have formed relevant action and coping plans (P values<.001
at 1, 3, and 6 months; Table 5). Additionally, insomnia patients
inthe CBT-1 group had higher behavioral automaticity (P values
<.001 at 1, 3, and 6 months), better self-monitoring (P vaues
<.001 at 1, 3, and 6 months), and less anxiety (P=.003 at 1
month and P<.001 at both 3 and 6 months), and depression (P
values <.001 at 1, 3, and 6 months) relative to those in the PE
group (Table 6).
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Table 5. Results of the linear mixed models for measures on theory of planned behavior and health action process approach concepts.

Variables Attitude PBC2 Intention Action planning Coping planning

BP(sE) Pvaue(95% B(SE) Pvalue(95% B(SE) Pvaue(95% B(SE) Pvaue(95% B(SE) Pvaue(95%
) cl ) cl ch

CBT-IS(vsPEY) 002  88(-024to 005 72(-022to 003 85(-0.28t0 004 80(-0.27to 004 .79(-0.25t0
(0.13)  0.28) (0.14) 0.32) (0.16) 0.34) (0.16) 0.35) (0.15) 0.33)

Month 1 (vsbase- 0.53 <.001(0.31to 0.16 18(-0.08to  0.25 .08(-0.02t0 0.24 .046 (0.005to 0.36 .01(0.11to

ling) (0.11)  0.75) (0.12) 0.40) (0.14) 052 (0.12) 0.48) (0.13) 0.62)

Month 3 (vsbase- 0.51 .002(0.20to0  0.15 35(-0.16t0  0.29 .05(-0.004to 0.26 .06 (-0.01to 0.39 .001 (0.16 to

ling) (0.16)  0.82) (0.16)  0.46) (0.15) 0.58) (0.14) 053) (0.12) 0.63)

Month 6 (vsbase- 0.53 .003(0.18to  0.08 47(-0.14t0 031 .09(-0.04t0 0.22 .046 (0.004to 0.42 .003 (0.15to

ling) (0.18)  0.88) (0.11) 0.30) (0.18) 0.66) (0.11) 0.44) (0.14) 0.69)

CBT-l (vsPEat1l 0.34 .03 (0.03to 127 <.001(0.94t0 1.21 <.001(0.82to 1.13 <.001(0.80to 0.91 <.001 (0.58to

month) (0.16)  0.65) (0.17) 1.60) (0.20) 1.60) (0.17) 1.46) (0.17) 1.24)

CBT-l (vsPEa3 0.40 .04 (0.03to 1.25 <.001(0.96t0 1.11 <.001(0.68to0 1.22 <.001(0.97to 1.06 <.001 (0.75to

months) (0.19) 0.77) (0.15) 1.54) (022) 1.54) (0.13) 1.48) (0.16) 1.37)

CBT-l (vsPEat6 0.39 .03 (0.04to 1.40 <.001(1.13to 1.02 <.001(0.61to 1.26 <.001(0.89t0 1.10 <.001 (0.81to

months) (0.18)  0.74) (0.14) 1.67) (021) 1.43) (0.19) 1.63) (0.15) 1.39)

Age -0.01 .32(-0.03to  0.03 .67(-0.11to0 -0.05 .58(-0.23to 0.01 84 (-0.09t0 0.04 .66 (-0.14 to
(0.01) 0.01) (0.07) 0.17) (0.09) 0.13) (0.05) 0.11) (0.09) 0.22)

Female -0.08 .38(-0.26t0 0.16 .08 (-0.02to0 0.14 .20(-0.08to0 0.11 .36 (-0.13t0  0.09 41 (-0.13to
(0.09)  0.10) (0.09) 0.34) (0.11) 0.36) (0.12) 0.35) (0.11) 0.31)

Education 0.27 .06 (-0.004to 0.06 45(-0.10to0  0.28 J12(-0.07to  0.27 20(-0.14t0  0.05 .78 (-0.30to
(0.14)  0.54) (0.08) 0.22) (0.18) 0.63) (0.21) 0.68) (0.18) 0.40)

Intercept 2.53 <.001(2.02to 2.66 <001(211to 2.82 <.001(2.13t0 1.76 <.001(0.98to 2.46 <.001 (1.79to
(026)  3.04) (0.28) 3.21) (0.35) 351) (0.40) 2.54) (0.34) 3.13)

3PBC: perceived behavioral control.

bB: unstandardized coefficient.

CCBT-I: cognitive behavioral therapy for insomnia
dpE:; patient education.
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Table 6. Results of the linear mixed models for measures on control theory concept and psychological distress (anxiety and depression).

Variables SRBA|2 Self-monitoring Anxiety Depression
BP (sg) P value(95%Cl) B (SE) P vaue(95% ClI) B(SE) Pvaue(95% Cl) B (SE) P vaue(95% Cl)

CBT-I°(vs pEd) 0.12 53(-0.25t00.49) 0.03  .83(-0.24t00.30) -0.02 .97 (-1.12to 1.08) -0.27 .57 (-1.19t0 0.65)
(0.19) (0.14) (0.56) (0.47)

Month 1 (vs 0.32 .046 (0.01t00.63) 056  <.001(0.38t00.74) -0.53 .30(-1.53t00.47) -0.04 .93(-0.90t00.82)

baseline) (0.16) (0.09) (0.51) (0.44)

Month 3 (vs 0.43 .02 (0.0810 0.78) 057 <.001(0.35t00.79) -041 .41(-1.39t00.57) -0.08 .83(-0.81t00.65)

baseline) (0.18) (0.112) (0.50) (0.37)

Month 6 (vs 0.47 .03 (0.06 to 0.88) 058 <.001(0.38t00.78) —0.38 .41(-1.28t00.52) -0.05 .89(-0.74100.64)

baseline) (0.22) (0.10) (0.46) (0.35)

CBT-l (vsPEa  1.59 <.001(1.14t02.04) 043 .001(0.18t00.69) -2.12 .003(-3.53t0-0.71) -2.44 <.001(-3.66t0-1.23)

1 month) (0.23) (0.13) (0.72) (0.62)

CBT-l (vsPEat  1.68 <.001(1.25t02.11) 052 <.001(0.29t00.76) —2.53 <.001(-3.90t0o-1.16) —2.86 <.001(-4.06t0—1.66)

3 months) (0.22) (0.12) (0.70) (0.62)

CBT-l (vsPEa 1.76 <.001(1.25t02.27) 054  .001(0.23t00.85) 264 <.001(-411to-1.17) -3.03 <.001(—4.30to-1.76)

6 months) (0.26) (0.16) (0.75) (0.65)

Age -0.01 .32(-0.03t00.01) -006 .55(-0.26t00.14) -0.05 .10(-0.11to00.01) -0.01 .62 (-0.05t00.03)
(0.02) (0.10) (0.03) (0.02)

Female 0.14 .28(-0.12t00.40) 0.18 .14(-0.06t00.42) 003 .91(-0.50t0 0.56) 026  .39(-0.33t00.85)
(0.13) (0.12) (0.27) (0.30)

Education 0.06 55(-0.14t00.26) 053  .042(0.02t01.04) 053 .39(-0.67t01.73) 054  .23(-0.34t01.42)
(0.10) (0.26) (0.61) (0.45)

Intercept 381 <.001(3.01t04.61) 223 <.001(151t0296) 9.86 <.001(7.55t012.17) 592  <.001(4.08t0 7.76)
(0.412) (0.37) (1.18) (0.94)

8SRBAI: Self-Reported Behavioral Automaticity Index.
bB: unstandardized coefficient.

CCBT-I: cognitive behavioral therapy for insomnia.
dpE: patient education.

Mediation analyses were conducted to investigate whether the
effects of CBT-1 on the primary outcome of sleep hygiene
behaviors were mediated by changes in relevant beliefs about
deep hygiene behaviors as specified by the three proposed
theories (TPB, HAPA, and CT). Regarding sleep hygiene
behaviors at 3 months, only action planning was a significant
mediator (coefficient 1.11; 95% CI 0.54-1.69). Regarding sleep
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hygiene behaviors at 6 months, perceived behavioral control
(coefficient 0.44; 95% ClI 0.10-0.78), coping planning
(coefficient 0.24; 95% CI 0.12-0.36), self-monitoring
(coefficient 0.58; 95% CI 0.13-1.03), and behavioral
automaticity (coefficient 1.00; 95% Cl 0.17-1.83) were
significant mediators (Table 7).
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Table 7. Mediated effects of variablesin theory of planned behavior, health action process approach, and control theory in the impacts of the cognitive
behavioral therapy for insomnia app intervention on self-reported sleep hygiene behaviors at 3 months postintervention.

Outcome and mediator Intervention effect on out-  Intervention effect on me- Mediator effect on out- Mediated effect (. A B)
come (C) (SE/95% ClI) diator (A) (SE/95% ClI) come (B) (SE/95% ClI) (SE/95% Cl)

At 3 months
Sleep hygiene behaviors 2.01 (0.96/0.12 to 3.09)
Attitude 0.34 (0.16/0.02 to 0.66) 1.71 (0.65/0.43 t0 2.99) 0.58 (0.35/-0.11t0 1.27)
PRCA 1.27(0.17/1.07t0 1.47)  1.67 (L.11/-0521t03.86)  2.12 (1.44/-0.72 t0 4.96)
Intention 1.21(0.20/0.82t01.60)  0.24 (0.67/-1.08t01.56)  0.29 (0.81/~1.31 t0 1.89)
Action planning 1.13(0.17/0.79t0 1.47)  0.98(0.21/057t01.39)  1.11(0.29/0.54 to 1.69)
Coping planning 0.91 (0.17/0.57 to 1.25) 0.35(0.62/-0.87t0 1.57)  0.32(0.57/-0.80t0 1.45)
Self-monitoring 0.43(0.13/0.17t00.69)  1.79(0.48/0.84t02.74)  0.77 (0.42/-0.06 to 1.60)
SRBA/P 1.59(0.23/1.14t02.04)  0.10(0.25/-0.39t00.59)  0.16 (0.40/~0.63 t0 0.95)

At 6 months
Sleep hygiene behaviors 2.23(0.92/0.43 t0 4.02)
Attitude 0.34(0.16/0.02t00.66) ~ 0.93(0.37/0.21t0 1.66)  0.32(0.19/-0.05 to 0.69)
PBC 1.27(0.17/1.07t0 1.47)  0.34(0.13/0.08t00.60)  0.44(0.17/0.10 to 0.78)
Intention 1.21(0.20/0.82t01.60)  0.07 (0.33/0.58t00.71)  0.08 (0.40/-0.71t0 0.87)
Action planning 1.13(0.17/0.79t0 1.47)  0.25(0.24/0.22100.73)  0.28(0.27/-0.25 0 0.81)
Coping planning 0.91(0.17/0.57t01.25)  0.26 (0.05/0.16t00.36)  0.24 (0.06/0.12 to 0.36)
Self-monitoring 0.43(0.13/0.17t00.69)  1.36(0.33/0.71t02.01)  0.58 (0.23/0.13 to 1.03)
SRBAI 159 (0.23/1.14102.04)  0.63(0.25/0.14t01.12)  1.00 (0.42/0.17 to 1.83)

3PBC: perceived behavioral control.
bSRBAI: Self-Reported Behavioral Automaticity Index.

Discussion

Principal Findings

This research found that a theory-based intervention improved
deep outcomes among insomnia patientsin Iran, as evidenced
by improved sleep hygiene behaviors, increased sleep quality,
and decreased insomnia severity. These beneficia effects were
mediated by several changes in the putative determinants of
behavior, including perceived behavioral control in TPB, action
and coping planning in HAPA, and self-monitoring and
behavioral automaticity in CT. Moreover, the entire treatment
effectswere guided by CBT (ie, theuse of BCTs). Furthermore,
as a consequence of improvements in sleep, positive effects of
CBT-I were demonstrated by reduced anxiety and depression
among insomnia patients. Researchers and practitioners
interested in improving sleep quality, particularly among
insomnia patients, might draw on insights provided by several
components in TPB [7,35-38], HAPA [38,39], and CT [40] in
order to design effective interventions for insomnia patients.
Moreover, use of the CBT-1 app may enhance the feasibility of
providing CBT-I treatments incorporating the components in
TPB, HAPA, and CT mentioned above.

The finding that the PE group did not have substantial
improvement could be dueto thefollowing barriers. Thewritten
information (1) did not have interactive components, commonly
used in apps, and may not have triggered the motivation of

http://www.jmir.org/2020/4/e15841/

participants to obtain the information; (2) did not have any
psychological mechanism to support its use whereasthe CBT-I
app incorporated and improved psychological components (eg,
attitudes) for participants to actively engage in sleep, and (3)
may have been hard to trandlate into daily practice for the PE
group. Consequently, use of the PE group as a control is
appropriate because PE only provides passive engagement and
does not have any psychological mechanism to support its use.
On the other hand, the CBT-1 app involved active engagement
and included psychological mechanism to support its use.

Apart from illustrating the effectiveness of the CBT-1 app, our
findings support the notion that the improvements in sleep
accrued (in part) from changesin several components specified
by TPB (perceived behavioral control), HAPA (action and
coping planning), and CT (self-monitoring and behavioral
automaticity). Therefore, our findings partially support the
notions from previous studies: health care providers may want
to use TPB to effectively understand the performance of sleep
hygiene behaviors [37,38]. Additionally, these findings go
beyond those correlational studies [37,38] and agree with
another RCT study [24] that used theory-based (TPB, HAPA,
and CBT) interventions to improve sleep hygiene behaviors
among adolescents. More specifically, changes in the putative
determinants of action lead to changes in the respective
behaviors (eg, sleep hygiene behaviors, sleep quality, and
severity of insomnia). Consequently, this research provides
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experimental support for the combination of TPB, HAPA, CT,
and CBT as aframework for improving sleep among insomnia
patients.

Our results also support the idea that it isimportant for CBT-I
interventions to incorporate self-regulatory processes such as
those specified in HAPA and CT. More specificaly, action
planning, coping planning, self-monitoring, and behavioral
automaticity were significant mediators in this study.
Interestingly, mediated effects of action planning on sleep
hygiene behaviors were found at 3 months after compl eting the
CBT-l program but not at 6 months after completing the
program. In contrast, mediated effects of coping planning,
self-monitoring, and behavioral automaticity on sleep hygiene
behaviorswere observed at 6 months after completing the CBT-
program but not at 3 months after completing the program.

A possible explanation is the cognitive progress during the
CBT-lI program. Insomnia patients first need to generate
effective strategies (ie, using action planning) to assist themin
developing good sleep hygiene behaviors because they do not
have sufficient ability to devise good strategies[24]. Therefore,
action planning was an important mediator for sleep hygiene
behaviors a 3 months. Meanwhile, coping planning,
self-monitoring, and behavioral automaticity are not mediators
at this stage because insomnia patients put all their efforts in
action planning and do not have additional efforts to work on
coping planning, self-monitoring, and behavioral automaticity.
In terms of sleep hygiene behaviors at 6 months, insomnia
patients are very likely to have satisfactory capability in action
planning. Therefore, action planning loses its importance as
mediator because insomnia patients can use the good strategies
they have generated. In contrast, insomnia patients need to deal
with all the unforeseen barriers and keep their practice.
Therefore, coping planning (ie, thinking ahead to tackle possible
barriers) [39], self-monitoring (ie, reflection on the difference
between preferred and actual performance) [40], and behavioral
automaticity (ie, devel oping the behaviorsinto habitual pattern)
[56] become important mediators at this stage.

This study’s findings on self-regulatory processes also support
those of correlational studies that point to the importance of
self-regulatory processesin predicting sleep hygiene behaviors
and related outcomes, although in a different population [38].
In their study with obstructive sleep apnea patients, Deng et a
[58] found that an intervention based on HAPA improved
participant sleep quality. Our study suggests that targeting
different cognitive processes (ie, motivational and
self-regulatory processes) specifiedin TPB, HAPA, and HAPA
can lead to changes in the respective behaviors (eg, Sleep
hygiene in this study).

Strengths and Limitations

Our study has several strengths. First, few trials using
psychological interventions built on empirically based theories
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have been designed for sleep problems. Therefore, results
derived from this study provided information about relevant
mechanisms of change. Second, development of an app may
improve the effects of a deep intervention in insomnia. More
specifically, providing a technology-based intervention could
be an effective and accessible way to overcome numerous
barriers to CBT-1, such as low access, high costs, time
constraints, socia stigma, and the lack of therapists and trained
mental health experts, as well as providing an intervention
overcoming economic and geographical barriers. Third, this
study controlled for many potential biases. For example, the
blindness of the analyst and the avoidance of contamination
were addressed. Fourth, although all the measures were
self-reported, instruments used in this study had satisfactory
psychometric properties. Consequently, the reliability and
validity of outcome measures were ensured.

There are some limitationsin the study. First, participants were
not representative of the entire population of Iranian patients
with insomnia. For example, participants in this study needed
to use the app to receive the intervention. Therefore, insomnia
patientswho havelittle literacy in using smartphones or desktop
computers may not gain benefit from CBT-I. Given that the
mean age of the studied sample was mid-thirties; the possibility
to generalize our findings to all inhabitants and age groups is
low. Second, the use of self-report measuresfor sleep and mental
health outcomes could be biased by social desirability or
memory recall. Although mental health outcomes are hard to
measure using non-self-reports, future studies may want to use
objectively measured instruments on deep quality (eg,
actigraphy). Third, participants could not be blinded because
theintervention was obviousto them. Therefore, placebo effects
were hard to exclude, especially because most of the outcome
measures were self-reported. However, given that the promising
effects were found across all outcome measures and placebo
effectswould be unlikely to last 6 months after treatment ends,
we tentatively concluded that CBT-1 is an effective program to
treat insomnia. Last, as the study only followed participants 6
months after completing the intervention, it is unclear whether
CBT-I can provide effects lasting longer than 6 months. Future
studies are thus warranted to examine the long-term effect of
CBT-I.

Conclusion

The theory-based CBT-I intervention shows promising effects
intreating sleep problemsfor insomnia patients. After receiving
the feasible and short (ie, 6 weeks) CBT-I, insomnia patients
showed improved sleep hygiene behaviors, enhanced sleep
quality, and less insomnia severity. Moreover, other
psychological distress outcomes (ie, anxiety and depression) of
theinsomnia patientswho received CBT-I showed improvement
lasting 6 months after the intervention ended.
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Abstract

Background: Smoking remains aleading cause of preventable death and illness. Internet interventions for smoking cessation
have the potential to significantly impact public health, given their broad reach and proven effectiveness. Given the dose-response
association between engagement and behavior change, identifying strategies to promote engagement is a priority across digital
health interventions. Text messaging is a proven smoking cessation treatment modality and a powerful strategy to increase
intervention engagement in other areas of health, but it has not been tested as an engagement strategy for a digital cessation
intervention.

Objective: This study examined the impact of 4 experimental text message design factors on adult smokers’ engagement with
an internet smoking cessation program.

Methods: We conducted a 2x2x2x2 full factorial screening experiment wherein 864 participants were randomized to 1 of 16
experimental conditions after registering with a free internet smoking cessation program and enrolling in its automated text
message program. Experimental factors were personalization (on/off), integration between the web and text message platforms
(on/off), dynamic tailoring of intervention content based on user engagement (on/off), and message intensity (tapered vs abrupt
drop-off). Primary outcomes were 3-month measures of engagement (ie, page views, time on site, and return visitsto the website)
as well as use of 6 interactive features of the internet program. All metrics were automatically tracked; there were no missing
data.

Results: Main effects were detected for integration and dynamic tailoring. Integration significantly increased interactive feature
use by participants, whereas dynamic tailoring increased the number of features used and page views. No main effectswere found
for message intensity or personalization alone, although several synergistic interactions with other experimental features were
observed. Synergistic effects, when all experimental factors were active, resulted in the highest rates of interactive feature use
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and the greatest proportion of participants at high levels of engagement. Measured in terms of standardized mean differences
(SMDgs), effects on interactive feature use were highest for Build Support System (SMD 0.56; 95% Cl 0.27 to 0.81), Choose Quit
Smoking Aid (SMD 0.38; 95% CI 0.10 to 0.66), and Track Smoking Triggers (SMD 0.33; 95% CI 0.05 to 0.61). Among the
engagement metrics, the largest effects were on overall feature utilization (SMD 0.33; 95% CI 0.06 to 0.59) and time on site
(SMD 0.29; 95% CI 0.01 to 0.57). As no SMD >0.30 was observed for main effects on any outcome, results suggest that for
some outcomes, the combined intervention was stronger than individual factors alone.

Conclusions: Thisfactoria experiment demonstrates the effectiveness of text messaging as a strategy to increase engagement
with an internet smoking cessation intervention, resulting in greater overall intervention dose and greater exposure to the core

components of tobacco dependence treatment that can promote abstinence.

Trial Registration:
International Registered Report Identifier (IRRID):

(J Med Internet Res 2020;22(4):€17734) doi:10.2196/17734

KEYWORDS

smoking cessation; tobacco dependence; internet; text messaging

Introduction

Background

Internet-based interventions for smoking cessation have the
potential to significantly impact public health, given their broad
reach and proven effectiveness. Nine of 10 adultsin the United
States have internet access [1], more than one-third of all
smokers—12.4 million individuals—look online each year to
quit smoking [2], and hundreds of thousands enroll in freely
available programs|[3,4]. Systematic reviews and meta-analyses
have demonstrated the effectiveness of tailored and interactive
internet interventions for smoking cessation [5]. However, a
sizable proportion of smokers disengage early from internet
programs without being exposed to the content or features that
can promote abstinence. Indeed, low levels of engagement with
internet interventions have been documented across a range of
health behaviors [6]. Given the evidence of a dose-response
association between engagement and behavior change outcomes
[7-9], identifying strategies to promote engagement has been
noted as a priority across digital health interventions [10-12].

The relationship of engagement to outcomes is complex and
includes both behavioral and cognitive dimensions [11,13].
Engagement with an internet intervention can be usefully
conceptualized into 3 phases [14], although users progress
through the phases is often nonlinear. In the first phase, an
individual decides to visit awebsite to determine its relevance
and potential utility. In the second phase, the individual uses a
part of theintervention. In thethird phase, theindividual returns
to engage more fully with the intervention. This study aimed
to influence engagement at this third phase by using prompts
and reminders delivered via text messages. Text messaging is
a proven intervention modality to promote smoking cessation
[15] and apowerful strategy to increaseintervention engagement
[16,17]. Across most demographic groups, a majority of
individuals own a mobile phone and use text messaging [18],
including economically disadvantaged groups among whom
tobacco useis more prevalent. However, to date, text messaging
has not been tested specifically as an engagement strategy for
internet cessation interventions [10], and little is known about
how best to design such text messages [19].

https://www.jmir.org/2020/4/e17734
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The Multiphase Optimization Strategy (MOST) isamethod for
systematically building and evaluating interventions to ensure
they comprise active components delivered in optimal doses
[20]. The screening phase of MOST is designed to determine
which intervention components are active (ie, make adifference
in the target outcome) and should be retained, and which are
inactive and should be discarded. This is accomplished
efficiently through a randomized experiment involving a
factorial design, which allows for the examination of several
design factors simultaneously. As they are scalable and can
automate the delivery of many experimental conditions, internet
interventions are well suited to conduct such experiments[21].
Guided by the principles of MOST, we conducted a screening
experiment to evaluate 4 experimental factors hypothesized to
promote engagement with an internet smoking cessation
program.

Personali zati on incorporates user-specific el ements (eg, name)
to enhance the persona relevance of messaging. People are
more likely to actively process information if they perceive it
to be personally relevant [22]. Personalization can increase
smokers' attention to written information and the perceived
quality of that information [23,24] and isadesired and expected
feature of text messaging [25]. Supported by prior literature
[26], we hypothesized that text messages that incorporate
personalized content would be more efficacious than generic
ones.

Integration refers to the ability to interact with an intervention
platform through the web and text messages, accomplished by
sharing data between systems. This approach leverages the
unique and combined advantages of these 2 different modalities
to create a seamless user experience. Internet interventions can
be used to deliver multimediacontent but require usersto initiate
contact, whereas text messages are a powerful form of push
notification that have a 98% open rate, with 90% of messages
being read within 3 min [27]. A 2010 meta-analysis found that
the effectiveness of internet interventionsfor avariety of health
behaviors was enhanced by adding text messaging [28], but
these early studies and others [29] most often delivered text
messaging in paralée to a web-based intervention with little
integration between the 2 modalities. We hypothesized that an
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intervention that allows smokers to interact with the tools and
content of an internet program viatext messages would be more
effective in promoting treatment engagement than delivering
text messages in parallel to an internet intervention.

Dynamic Tailoring deliversindividually tailored feedback that
adapts over time to a smoker’s needs. Research over several
decades supports the superiority of individually tailored
messaging over generic, one-size-fits-all messaging inimproving
behavior change outcomes [26] and in promoting intervention
engagement [30]. However, it typically involves messaging
around static, theory-driven psychosocia constructs (eg,
readiness to quit and self-efficacy) gathered at the outset of an
intervention. Few studies have dynamicaly tailored
communications to deliver feedback based on a user’s pattern
of intervention engagement [ 31]. We hypothesized that messages
tailored to a user’s pattern of engagement to encourage the
exploration of components they have not yet used and prompt
continued engagement with the ones they have would yield
higher engagement than messages without thiskind of feedback.

Message intensity refers to the delivery schedule of text
messages. One of the largest randomized smoking cessation
trials demonstrating the effectiveness of a text message
intervention [32] delivered 5 messages a day for the first 5
weeks, followed by an abrupt drop to just 3 messages per week
for the next 26 weeks. However, a meta-analysis of health
behavior change interventions found that the largest effect size
was observed for text message interventions with tapered
intensity (ie, gradually decreasing content delivery [26]). We
set tapered intensity as the active form of this factor and
hypothesized that it would make message delivery more salient
and impactful than a fixed schedule of messages followed by
an abrupt drop-off.

Objective

To summarize, this factorial screening experiment evaluated
the impact of personalization, integration, dynamic tailoring,
and message intensity on engagement with an internet smoking
cessation program. We hypothesized that the active form of
each experimental factor would yield higher rates of engagement
with one or more features of the program and overall metrics
of engagement.

Methods

Experimental Design

Thisfull factorial experiment had 4 factors, each of which was
implemented at 2 levels: personalization (on/off), integration
(on/off), dynamic tailoring (on/off), and message intensity
(tapered/abrupt). The factors were designed to be compatible
with each other but also to deliver acoherent intervention when
implemented singularly. All participants had full access to the
websiteto use asthey desired. In addition, they were randomized

by a computer algorithm to one of the 2°=16 experimental
conditions, dtratified by whether they enrolled on a
desktop/mobile because mobile access to the website may
influence engagement. The use of the website and text messages
was automatically tracked for 3 monthsto allow sufficient time
to examine the impact of the text message intervention on
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intervention engagement because most nonusage attrition
happens within this period [33]. There was no involvement by
research staff, and there were no missing data.

Procedure

This fully automated experiment was conducted within
BecomeAnEX (EX), afree, evidence-based smoking cessation
program developed in 2008 by Truth Initiative in collaboration
with Mayo Clinic. Sinceit launched, more than 800,000 tobacco
users have registered on the site. Approximately 80% of newly
registered users sign up for text messaging. As described
previously [34], newly registered userswho met study dligibility
criteria were randomized to 1 of the 16 experimental arms.
Eligibility criteriawere current smoking (every day/some days),
USresidence, aged 18 years or older, and enrollment in the EX
text message program during website registration. To register
on EX, users must agree to the terms of use and privacy policy,
which state that (1) Truth Initiative automatically collects
information about use of the site, (2) information is used for
research and quality improvement purposes, and (3) personal
information is kept confidential. To enroll in the EX text
message program, users enter their mobile number and explicitly
consent to receive text messages during website registration.
The study was conducted as a quality improvement project,
meaning that eligible individuas were automatically
randomized; no recruitment information was presented, and no
study informed consent was solicited. The Chesapeake
institutional review board approved the tria protocol
(CR00086431).

Web-Based Cessation Program

EX, which is accessible on any web-enabled device, was
designed around tobacco dependence treatment guidelines[35],
Social Cognitive Theory [36], and the Mayo Clinic model for
engaging tobacco usersin cessation treatment [37]. At thetime
of this study, users could engage with 6 interactive features: (1)
Set Quit Date assists users in selecting a quit date, (2) Track
Smoking Triggers allows users to track cigarettes and identify
personal smoking triggers associated with smoking, (3) Beat
Smoking Triggers encourages identification of strategies to
dissociate cigarettes from triggers, (4) Choose Quit Smoking
Aid educates users about medication and helps them create a
medication plan, (5) Build Support System discusses the
importance of social support and encourages users to identify
supportive friends/family, and (6) EX Community introduces
users to a large online social network of current and former
smokers. Higher levels of engagement with the site and its
features are associated with greater odds of quitting [8,38].

Text Messaging | ntervention

The standard EX text message program is a 90-day program
that isfully automated. Also designed around tobacco cessation
treatment guidelines [35] and Social Cognitive Theory [36],
like the EX website, the program is designed to enhance
motivation for quitting, educate users about addiction, encourage
the use of evidence-based cessation methods (eg, nicotine
replacement therapy and peer support), prepare them for quitting
by building confidence and coping skills, praise success,
reinforce the benefits of quitting, and support users in
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maintaining abstinence. The program is interactive, with
bidirectional messages (eg, true/fase, multiple-choice, and
yes/no questions) and keywords that allow users to request
on-demand support (eg, CRAVE, SLIP, and MOOD), additional
detail about specific topics (MORE), or to unenroll (STOP).
Approximately 10% of messages contain URLs to the EX
website for additional information. The program is tailored to
a participant’s quit date, should they choose to set one. Users
can set and reset their quit date as often as they like either via
the website or text messages. This basic level of integration is
expected by users and was common across all experimental
conditions.

Text messages focused on promoting engagement were added
to this standard program according to the experimental factors
described in the following section. These messages were
designed to encourage or facilitate the use of the interactive
features of EX and promote sustained engagement.

Experimental Factors

Personalization

Half of the participants received text messages personalized
with their EX username, chosen during registration on the
website. The remaining participants received generic messages
with no personalization.

I ntegration

Participants with this experimental factor turned on were able
to engage with interactive features of EX through specia
keywords and interactive messages. For example, the use of
Track Smoking Triggers and Beat Smoking Triggers was
facilitated as follows:

System: Quitting isa journey—not an event. If you' ve
had a dlip, learn about your triggers by texting back
SMOKED or going to http://bit.ly/trackcig and noting
your high-risk situations.

User: SMOKED.

System: Ok, you smoked—we saved it in your EX
Plan. Reply with the trigger that made you want to
smoke.

User: Stting in traffic.

System: Got it, we've noted it in your EX Plan. To

make a plan to separate from this trigger, text back
COPE.

User: COPE.

System: You said that Stting in traffic was a trigger
for you. What else can you do instead of smoke the
next timethat trigger comes up? Reply with your plan,
the more detail the better!

User: Listen to music.

System: Great idea! It's now in your EX Plan at

http://bit.ly/beattrigger so you can always reference

itif that trigger pops up.
As seen in this exchange, interaction with the platform viatext
messages was reflected on the website at the user’s next visit.
This approach was used for the first 5 interactive features
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described earlier. To facilitate engagement with the EX
Community viatext message, aslightly different approach was
required for technical reasons. Once a participant had accessed
the community via the website, a special keyword (TIPS)
allowed the user to request advice and guidance from community
membersthat had been manually curated from actual community
posts. For participants with the integration feature turned off,
there was no integration of the website and text message
programs beyond the quit date feature, and special keywords
were not available.

Dynamic Tailoring

Half of the participants received messages tailored to real-time
engagement data from EX. Messages reinforced actions that
they had already taken or prompted the exploration of features
they had not yet used. The remaining participants received
standard messages that were agnostic to prior use of EX.

Message | ntensity

The intervention duration was 12 weeks for both groups. Both
groups received 2 messages per day for the first 3 days of the
program to ensure a standardized onboarding experience, and
in both program versions, approximately half of all engagement
messages solicited a response from users. Participants
randomized to tapered intensity received a total of 69
engagement messages delivered as follows: weeks 1 to 2, 14
messages per week; weeks 3 to 4, 7 messages per week; weeks
5 to 8, 4 messages per week; weeks 9 to 11, 3 messages per
week; and week 12, 2 messages. Participants randomized to an
abrupt intensity drop-off received a total of 28 engagement
messages, which were delivered asfollows: week 1, 8 messages,
week 2, 4 messages; weeks 3to 8, 2 messages per week; weeks
9to 12, 1 message per week.

Sour ces of Data

Gender, age, and smoking status (every day or some days)
entered during website registration were extracted from the EX
database. Website utilization metricswere extracted at 3-month
postrandomization and included measures of website
engagement (number of website visits, time on site in minutes,
and page views) and the use of the 6 interactive features
described earlier. Text message data were also extracted at
3-month postrandomization and included the number of
messages received and sent by participants, the use of the 6
interactive features described earlier viatext messages, the use
of keywords, and the date of unenrollment.

Analytic Plan

A full factorial design was used in the study design phase[34].
The primary outcome used for sample size calculations was a
composite engagement score, with weights given by the
regression coefficients of alogistic regression model devel oped
to measure the effects of website engagement on 3-month
abstinence rates in the control arm of a previous randomized
trial by our group [7]. This composite engagement score had
the advantage of being continuoudly distributed, even if some
of theindividual engagement metricswere binary or count data.
A priori sample size calculations based on a norma
approximation to the distribution of the composite score
determined that a sample of 864 (n=432 per factor level)
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participantswould allow usto detect small main effects (d=0.25)
or moderate second-order interactions (d=0.50) on normalizing
transformations of this composite outcome. Power was set at
80% at a 2-sided significance level of alpha of .05 out of 10
(multiplicity adjustment based on 4 main effectsand 6 two-way
interactions in a factorial model, with third- and fourth-order
interactions excluded a priori).

In carrying out our original analytic plan [34], we made 3 post
hoc modifications. First, ongoing enhancements to the EX
website led us to question the applicability of the weights of
the origina composite engagement metric. We decided to
analyze our engagement metrics separately and to identify
common patternsin standardized factorial effectsacrossthefull
set of engagement metrics. Our primary outcomes were (1)
number of interactive features used through the web or text
messages, (2) total time spent on the website, (3) number of
page views, and (4) return visits to the website (ie,
postregistration). This approach is consistent with the
multidimensional nature of engagement and numerous
systematic reviews and meta-analyses that have called for more
standardized engagement metrics to advance the field
[10-12,30,39,40]. Our intent was to ensure that study effect
sizes could be included in pooled analyses.

Second, evidence of synergistic interactionsled usto supplement
analyses focused on individual experimental factors with
between-arm comparisons that capture the joint effect of
multiple terms in the full factorial model, with the hope of
identifying an arm with superior performance across all
engagement metrics. If such an arm could be identified, the
need to reestimate weightsfor acomposite metric would become
moot: any arm that dominated each avail able metric would al so
dominatetheir weighted average. To facilitate such between-arm
comparisons, we presented Clsfor each engagement metric for
all 16 arm-specific means, with the confidence level adjusted
so that an overlap in the respective Cls can be interpreted as
lack of significant pairwise differences between the arms being
compared at the alpha value of .05 significance level. Unlike
cases where an arm-specific mean is being compared with
constant, pairwise comparisons of means based on the overlap
method involve uncertainty in the centers of both Cls under
inspection [41]. In such cases, 2 arms may still be significantly
different from one another at an alphavalue of .05, evenif their
95% Clsoverlap. To correctly assessthe presence of significant
pairwise differences based on the overlap rule, we have
employed narrower intervalswhoseindividual confidencelevels
were set to about 83.5% under normality [42]. Cls were first
caculated in the scale of the continuously and normally
distributed linear predictor and then back-transformed to the
original outcome scale.

Third, large skewness observed in time on site, page views, and
website visits led us to transform the data to reduce the impact
of outliers in the final model. Although a logarithmic
transformation would have served this purpose, it would have
changed the interpretation of the main effect of each factor in
the original scale to an average of arm-specific medians. We
dichotomized these variablesinstead at cut pointsthat bifurcated
the sample at an approximately 1:2 ratio. The cut points were
one or more unique website visits (333/864, 38.5% of the
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sample), 15 or more minutes of website use (257/864, 29.8%
of the sample), and 25 or more page views (278/864, 32.2% of
the sample). Additional sensitivity analyses examined the
robustness of the findings to variation in these cutoffs.

Use (yes/no) of specific interactive features and overall
engagement metricswere analyzed vialogi stic regression except
for interactive feature utilization, a count variable analyzed via
guasi-Poisson regression with a scale parameter, ¢, to account
for under- or overdispersion. Cls for marginal factor effects
were estimated via a parametric percentile bootstrap procedure
[43] with 1 million replicates. Effect size calculations were
based on standardized mean differences (SMDs) between high
and low levels of experimental factors when calculating main
effects and between arms 1 and 16 when calculating the full
impact of the intervention, including main effects and higher
order interactions. Arm 1 was defined with all experimental
factors off, whereas Arm 16 was defined by all experimental
factors on. SMDs for frequency counts were calculated as

(M= P TO(H1HH)] Y2 where Y, and p, were the sample means
of each comparison group. SMDs for binary outcomes were
calculated s (py—po)/[Pyx0y+poxapl ", where p=1-g; and
p,=1-q, were the sample outcome prevalence of each

comparison group. All analyses were conducted using the gilm
functionin R version 3.6.1 (R Foundation).

Results

Participants

Between March 29 and June 5, 2018, 864 newly registered users
on EX who met the study €ligibility criteria were randomized.
Of those, 83.4% (721/864) enrolled on a mobile device, and
16.6% (143/864) enrolled on adesktop. M ost (844/864, 97.7%)
participants were every day smokers, and 2.3% (20/864) of the
participants were some day smokers. The sample was
predominantly female (637/864, 73.7%). Age distribution was
as follows: 18 to 30 years (182/864, 21.1%), 31 to 44 years
(322/864, 37.3%), 45 to 65 years (313/864, 36.2%), and 65
years and older (47/864, 5.4%). No between-arm differences
were observed for any of the abovementioned variables (all
valuesfor P>.15).

I ntervention Engagement

Of the 864 participants randomized, 461 (53.5%) completed
the full 90-day text message program. Among participantswho
unenrolled, the median day of unenrollment was 8 days
postrandomization (IQR 3-22). On average, study participants
used, on average, 2.40 (SD 1.41) of the 6 targeted interactive
features. Use by feature was as follows: Set Quit Date, 85.8%
(741/864); Track Smoking Triggers, 55.4% (479/864); Choose
Quit Smoking Aid, 37.0% (320/864); Visit Community, 33.4%
(289/864); Beat Smoking Triggers, 15.3% (132/864); and Build
Support System, 12.7% (110/864). Study participants received
amedian of 87 text messages (IQR 27-160) during the 3-month
intervention period and sent a median of 4 text messages (IQR
3-12). One-fourth (213/864, 24.7%) of the sample used one or
more keywords; MOOD (76/864, 8.8%), HEL P (74/864, 8.6%),
CRAVE (70/864, 8.1%), SLIP (60/864, 6.9%), SOS (34/864,
3.9%). Among partici pants randomized to the active integration
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arms, 11.6% used at least one special keyword: SMOKED
(61/864, 7.1%), COPE (46/864, 5.3%), TIPS (27/864, 3.1%),
TRIGGER (25/864, 2.9%), MEDS (14/864, 1.6%). Participants
inthe activeintegration arms used standard keywords at similar
ratesto other participants (all differences <1 percentage point).

Engagement Outcomes

Table 1 (interactive features) and Table 2 (key engagement
metrics) reflect the study findings under the original analytic
plan. They show average response levels at on and off levels of
each experimental factor and raw mean differences that
correspond to marginal factor effects. SMDs are al so included,
as they allow us to calibrate the clinical significance of our
nominal P values. In this study, P<.001 corresponds to SMDs
ranging from0.17 t0 0.28 (small effectsin Cohen nomenclature
[44]), whereas P values greater than .001 and less than .05
correspond to SMDs ranging from 0.09 to 0.13.

https://www.jmir.org/2020/4/e17734
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As seen in Table 1, integration is the strongest experimental
factor affecting interactive feature utilization, raising usage rates
of Choose Quit Smoking Aid by 18.7 percentage points (95%
Cl 12.5t0 24.8) and Build Support System by 11.8 percentage
points (95% CI 7.2 to 16.4). Altogether, integration raised the
average number of interactive features used by participants by
0.36 (95% ClI 0.16 to 0.57) when the study-wide mean did not
exceed 2.4 features (median 2, IQR 1-3).

Table 2 suggests that dynamic tailoring was the experimental
factor with broadest impact, in that it raised both the average
number of interactive features used by 0.29 (95% CI 0.09 to
0.50) and the probability of higher engagement levels by 7.3
percentage points for page views (95% Cl 1.1 to 13.5). Its
beneficial effect on interactive feature use appears driven by
similar increases in the rates of Build Support System (6.3
points; 95% CI 1.7 t0 10.9), Track Smoking Triggers (6.6 points;
95% CI 0.1 to 13.1), and Beat Smoking Triggers (5.4 points,
95% Cl 0.5t0 10.3).
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Table 1. Margina effects of experimenta design factors on interactive feature utilization rates (95% ClI).

Graham et al

Factor Interactive feature
Set Quit Date Choose Quit Build Support Track Smoking Beat Smoking Visit Community
Smoking Aid System Triggers Triggers
Per sonalization
On 845(81.11087.9) 35.2(30.9t039.6) 14.6(11.2t017.9) 55.0(50.4t059.5) 16.8(13.3t020.4) 32.5(28.2t036.8)
off 85.7 (82.31089.0) 39.3(34.9t0437) 123(9.1t0155) 557 (51.1t060.2) 15.0(11.6t018.4) 35.0(30.61t039.4)
Raw difference -1.1(-5.9t03.6) -4.1(-10.3t02.1) 2.3(-2.3106.9) -07(-7.1t05.8) 18(-3.1t06.7) -25(-8.7103.7)
SMD? -0.02 (-0.12to -0.06 (-0.15to 0.05(-0.05t00.14) -0.01(-0.10to 0.04 (-0.06 to -0.04 (-0.13to
0.07) 0.03) 0.08) 0.13) 0.06)
Integration
On 845(81.11088.0) 46.6(42.0t052.2) 19.3(156t023.0) 58.2(53.6t1062.7) 17.7(14.1t021.3) 32.3(28.0t036.6)
Off 85.7 (82.31089.0) 27.9(23.8t032.1) 7.5(4.8t010.3) 525(47.9t057.1) 14.1(10.8t017.4) 35.2(30.8t0 39.6)
Raw difference -1.1(-59t03.7) 18.7(125t0 118(7210164)° 57(-08t0121) 36(-13t085) -29(-9.1t032)
24.8)°
SMD -0.02(-012to  0.28(0.18t0 0.25(0.15t00.34)> 0.08(-0.01to 0.07 (-0.03 to -0.04 (-0.14to
0.07) 0.38)° 0.17) 0.17) 0.05)
Dynamic Tailoring
on 87.0(83.81090.3) 37.7(33.3t042.1) 16.6(131t020.1) 58.7(54.1t063.1) 18.6(150t022.3) 36.6(32.1t041.0)
Off 83.1(79.71086.7) 36.8(325t0412) 10.3(7.3t013.3) 52.1(47.4t056.7) 13.2(9.9t016.4) 30.9(26.61035.2)
Raw difference 39(-09t086)  09(-33t07.1)  §3(1.710109° 66(0.1t0131)% 54(05t0103)% 57(-05t0119)
SMD 0.08(-.02100.17) 8-%)(‘0-08 0 013(004t0023° .09(0.00t00.19) .11(0.01t0020)¢ -09(-01100.18)
Intensity
Tapered 834 (79.91086.9) 38.2(33.7t042.6) 14.6(112t017.9) 56.4(51.8t060.9) 18.2(14.6t021.8) 31.4(27.1t035.7)
Abrupt 86.8(83.61090.1) 36.4(32.0t040.7) 123(9.1t0155)  54.3(49.7t058.9) 13.6(10.3t016.9) 36.1(31.7t0 40.6)
Raw difference -3.4(-82t01.4) 1.8(-4.4t08.0) 23(-2.3t06.8) 21(-44t085) 45(-04t095) -4.8(-10.9t0 1.4)
SMD -0.07(-0.16t0  0.03(-0.06to 0.05 (-0.05t0 0.14) 0.03 (-0.06 to 0.09 (-0.01 to -0.07 (-0.16 to
0.03) 0.12) 0.12) 0.18) 0.02)
83MD: standardized mean difference.
Pp<.001.
°P<.01.
dp<.05,
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Table 2. Margina effects of experimenta design factors on key engagement metrics (95% Cl).

Factor

Key Engagement Metric

Feature utilization, mean

Page views =25, %

Time on site 215 min, %

Returned to website, %

Per sonalization

On
Off
Raw difference

Standard mean difference

Integration

On
Off

Raw difference

Standard mean difference

Dynamic Tailoring

On
Off

Raw difference

Standard mean difference

Intensity

Tapered
Abrupt
Raw difference

Standard mean difference

2.38(2.2410 2.53)

2.43 (2,280 2.58)

~0.05 (-0.25 10 0.16)
-0.021 (-0.115 to 0.074)

2,59 (2.44 t0 2.74)
2.22 (2.08 10 2.37)

0.36 (0.16 to 0.57)2

0.166 (0.071 to 0.260)2

2.55 (2.40 to 2.70)
2.26 (2.12 t0 2.40)

0.29 (0.09 to 0.50)°

0.134 (0.040 to 0.229)°

2.42 (2.2710 2.57)
2.39(2.25t0 2.54)

0.03 (-0.18t0 0.23)
0.012 (~0.083 to 0.106)

31.6 (27.2t0 36.0)
32.9(2851037.3)
-1.3(-75t04.9)
-0.017 (-0.111t00.077)

30.8 (26,510 35.2)
33.7(29.310 38.1)
-2.9(-9.1103.3)

-0.043(-0.137t0 0.051)

35.9 (31.4 t0 40.4)
28.6 (24.31032.9)
7.3(1.1t0135)°

0.110 (0.016 to 0.205)°

33.1(28.7210 37.6)
31.4(27.0t0 35.8)

1.7 (-451t08.0)

0.028 (~0.066 t0 0.122)

31.3(27.0t0 35.6)

28.4 (24.110 32.6)
2.9(-3.2109.0)

0.045 (-0.049 to 0.139)

29.7 (25.4t0 34.0)
29.9 (25.6 t0 34.0)
-0.2(-6.3105.9)

-0.003 (-0.097t00.091)

32.3(28.0t0 36.7)
27.3(23.1t0 31.0)
5.0(-1.0to 11.1)

0.078 (-0.016 t0 0.173)

31.3(27.1t0 35.7)
28.3(24.1t0 32.6)
3.0(-3.0109.1)

0.047 (-0.047 to 0.141)

37.9(33.3t042.4)
39.1(34.61043.7)
-12(-7.7105.2)
-0.019 (-0.113 to 0.075)

37.0 (32.4t0 41.5)
40.0 (35.5 t0 44.6)
-30(-9.5t03.4)

-0.044 (~0.138 to 0.048)

416 (36.910 46.2)
35.4(30.9t0 39.9)
6.2 (-0.310 12.6)

0.089 (~0.004 to 0.184)

40.0 (35.5 t0 44.6)

36.9 (3250 41.5)
3.1(-3.31095)

0.045 (~0.049 t0 0.139)

33MD: standardized mean difference.
bp<.001.
Cp<.01.

Themain effects of intensity and personalization failed to attain
even nominal levels of statistical significance on any
engagement metrics. However, the impact of these 2
experimental factors was till beneficial as a whole via their
synergistic interactions with dynamic tailoring and integration.
Examination of thefactorial modelsfor each interactive feature
in isolation revedled a synergistic interaction between
integration and personalization on Set Quit Date (P<.001) and
asynergistic interaction between dynamic tailoring, integration,
and personalization on Track Smoking Triggers (P=.02). A
synergistic interaction of dynamic tailoring x integration x
intensity x personalization was also detected for time on site
(P=.01), while a synergistic interaction of integration and
personalization was detected for time on return visits to the
website (P=.04).

To better understand thejoint effect of all 4 experimental factors,
Table 3 (interactive features) and Table 4 (key engagement
metrics) present point estimates and 95% Cl s for arm-specific

https://www.jmir.org/2020/4/e17734

means based on simulation findings al so depicted in Multimedia
Appendices 1 and 2. As seen in Table 3, Arm 16 yielded the
highest engagement rates for Set Quit Date, Build Support
System, Track Smoking Triggers, and Beat Smoking Triggers.
It lagged behind other armsin terms of the proportions of users
at the high engagement level for Choose Quit Smoking Aid and
Visit Community. Overal, Arm 16 had the highest rate of
interactive feature use (2.95 out of 6).

Asseenin Table 4, Arm 16 also had the greatest proportion of
participants at the high engagement level for page views (45%)
and return visits (51%), although it ranked second with regard
to the proportion at the high engagement level for time on site
(41%). Senditivity analysesthat varied the cutoffsfor pageviews
and time spent on site from the 55th to the 75th percentile (ie,
from 15 to 32 pages and 8 to 20 min, respectively) confirmed
the superiority of Arm 16, suggesting that these findings are
robust to the choice of cutoff.
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Table 3. Arm-specific interactive feature utilization rates (95% Cl).

Arm  Eactor® Interactive Feature

P et T ¢ Setquitdate Choo_sequ_it Build support Track smoking triggers Beat smokingtriggers  Visit community
smokingaid  system

1 - - - - 95(86-99) 21(12-33)  3(0-12) 48 (35-61) 14 (6-25) 41 (29-54)
2 - - - + 88(77-95) 43(30-56)  6(2-16) 48 (35-61) 6 (2-16) 32 (21-45)
3 - - 4+ - 86(75-94) 28(17-41)  8(3-18) 55 (42-68) 12 (5-23) 39 (27-52)
4 - - 4+ + 00(80-96) 30(19-43)  12(5-23) 61 (48-73) 21 (12-33) 45 (32-58)
5 - + - - 85(73-92) 54(40-66)  10(4-20) 57 (44-70) 8(3-18) 34 (22-47)
6 - + - + 75(63-85) 45(32-58)  7(9-29) 65 (51-76) 21 (12-33) 23 (13-35)
7 - 4+ 4+ - 81(69-90) 43(30-56)  23(13-35) 52 (39-65) 17 (9-29) 37 (25-51)
8 - 4+ 4+ + 85(7392) 52(39-65) 19 (10-31) 59 (46, 71) 21 (12-33) 30 (19-43)
9 + - - - 83(7191) 25(1537)  5(1-14) 52 (39-65) 12 (5-23) 26 (16-39)
10 + - - + 75(6385) 25(15-37)  5(1-14) 48 (35-61) 14 (6-25) 30 (19-43)
11+ - + - 86(7594) 23(13-35) 10 (4-20) 54 (40-66) 14 (6-25) 35 (24-49)
12+ - + + 81(6990) 30(19-43)  12(523) 54 (40-66) 21 (12-33) 34 (22-47)
13+ + - - 86(7594) 46(34-60)  21(12-33) 52 (39-65) 14 (6-25) 34 (22-47)
14+ + - + 77(6587) 37(5-51)  15(8-27) 46 (34-60) 17 (9-29) 28 (17-41)
15+ + + - 92(82:97) 52(39-65) 19 (10-31) 65 (51-76) 19 (10-31) 43 (30-56)
16+ + + + 95(86-99) 45(32-58) 30 (19-43) 70 (57-81) 25 (15-37) 30 (19-43)

3or P, 1G, and T, + implies On and — implies Off. For IS, + implies Tapered and — implies Abrupt.
bp: Personalization.

I G: Integration.

dr. Dynamic Tailoring.

€S Intensity.
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Table4. Arm-specific summaries of key engagement metrics (95% ClI).

Graham et al

AM  Eactor? Key Engagement Metric
PP gt 19 | Feature utilization (mean) Pageviews>25(percent) Timeon site=15min (percent) Returned to website (percent)

1 - - - - 221(184-264) 34 (23-48) 23 (13-36) 47 (34-60)
2 - - - 4+ 223(1.86-2.66) 28 (18-42) 19 (10-32) 36 (24-49)
3 - - 4+ - 229(191-272) 35 (23-49) 24 (14-37) 49 (36-62)
4 - - + + 258(218304) 44 (31-58) 44 (31-58) 44 (31-58)
5 - + - - 247(208-292) 28 (18-42 30 (19-44) 26 (16-40)
6 - + - + 245(206-2.9 28 (18-4) 26 (16-39) 37 (25-51)
7 - + + - 253(213-299) 33 (22-47) 29 (19-43) 37 (25-51)
8 - + + + 266(2253.12) 29 (18-42) 29 (18-42) 35 (23-48)
9 + - - - 201(166-241) 26 (16-39) 26 (16-39) 30 (19-43)
0 + - - + 195(161-2.35) 31 (20-44) 33 (21-46) 37 (25-50)
11+ -  + - 221(1.84-264) 32 (21-46) 34 (23-48) 32 (21-46)
12 + - 4+ +  231(L93274) 37 (25-50) 35 (23-48) 44 (31-58)
13 + + - -  253(213-2.98) 29 (19-43) 37 (25-51) 33 (22-47)
14 + + - + 221(184-264) 22 (12-35) 22 (12-35) 35 (23-49)
15 + + + - 290(247-3.39) 30 (19-43) 21 (12-33) 39 (27-52)
16 + + + +  2095(252-3.44) 45 (32-59) 41 (29-55) 51 (38-64)

3or P, 1G, and T, + implies On and — implies Off. For IS, + implies Tapered and — implies Abrupt.

bp: Personalization.
%IG: Integration.

dr. Dynamic Tailoring.
€S Intensity.

Significance of pairwise differences at an alpha of .05 can be
evaluated using the overlap method applied to the 83.5% Cls
shown in Figures 1 and 2. The results confirmed the conclusion
that Arm 16 was either the top-ranked arm or did not differ from
the top-ranked arm for any of the key engagement metrics and
individual interactive features across al 16 experimental
conditions. However, this begs the question of whether the
intervention as a whole led to a significant improvement in
utilization outcomes over no intervention at all. To answer this
question, we calculated Arm 1 versus Arm 16 SMDs for all
outcomes of interest. We found that the combined effect of our
4 experimenta factors on interactive utilization features was
highest for Build Support System (SMD 0.56; 95% CI 0.27 to
0.81), followed by Choose Quit Smoking Aid (SMD 0.38; 95%

https://www.jmir.org/2020/4/e17734

RenderX

Cl 0.10to 0.66) and Track Smoking Triggers (SMD 0.33; 95%
Cl 0.05 to 0.61). No significant effect was found for Beat
Smoking Triggers (SMD 0.20; 95% Cl —0.07 to 0.47), Set Quit
Date (SMD 0.00; 95% CI —0.28 to 0.28), or Visit Community
(SMD -0.17; 95% CI -0.44 t0 0.10). Asfor our key engagement
metrics, the largest effect was on overal feature utilization
(SMD 0.33; 95% CI 0.06 to 0.59), followed by time on site
(SMD 0.29; 95% CI 0.01t0 0.57), page views (SMD 0.16; 95%
Cl -0.11 to 0.44), and return visits to the website (SMD 0.05;
95% CI —0.22100.33). Asno SMD >.30 was observed for main
factor effects on any of the outcomes of interest, these results
also suggest that, for at least some outcomes, the combined
intervention was stronger than individual factors alone.
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Figurel. Arm-specificinteractive feature utilization rates.
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Figure 2. Arm-specific summaries of key engagement metrics (95% ClIs).
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Principal Findings

The aim of this factorial screening experiment was to test the
effectiveness of text message design factors in increasing
treatment engagement among adult smokers who enrolled in
an internet smoking cessation intervention. We examined
general metrics of engagement (ie, page views, time on site,
and return visits) and specific engagement metrics for core
intervention components. As hypothesized, synergistic factor
effects in Arm 16, in which all 4 experimental factors were
active simultaneoudly, resulted in the highest rates of interactive
feature use. Nearly al participants (95%) set a quit date, 70%
tracked their triggers, and approximately half (45%) designated
amedication plan. Arm 16 also yielded the greatest proportion
of participants at high levels of engagement, with 40% to 50%
of the sample engaged at the highest levels of page views, time
on site, and return visits.

To our knowledge, thisisthe first study that has examined the
impact of tailoring content based on treatment engagement.
Dynamic tailoring, aimed at showcasing intervention features
that participants had not yet used and encouraging ongoing
utilization of those they had, was the most powerful of the 4
experimental factorstested inincreasing engagement. It resulted
in more participants engaging with the core components of
tobacco dependence treatment, namely identifying and rallying
the support of key people in their social network, identifying
triggersfor smoking, and developing coping strategiesfor those
triggers. These results are consistent with previous research
showing the effectiveness of individualy tailored content and
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demonstrate that text messages can be an effective strategy to
help shepherd and guide users through an intervention, much
like would happen in a face-to-face encounter.

Although dynamic tailoring encouraged participantsto explore
the most program features, enabling users access to these
features via text messages had the most dramatic impact on
individual feature use. With arelatively simple mechanism to
engage users in an interactive fashion via text messaging,
integration was effective at increasing the utilization of
interactive features above the study-wide mean. It increased the
use of tools related to medication selection and planning for
social support by 19 and 12 percentage points, respectively.
The fact that we did not observe an impact of integration on
setting a quit date likely results from a ceiling effect, given that
85% of all participants set a quit date, often immediately after
website registration.

The lack of significant main effects for personalization and
intensity isworth noting. Messages designed to feel individually
tailored by using a person’s name, but where the content is
clearly generic, did not appear to enhance program utilization.
These findings are consistent with previous research that has
shown that the use of a person’s name aongside generic
information that is not perceived as personally relevant may
even have counterproductive effects [45]. The fact that we only
detected the synergistic effects of personalization when
implemented alongside dynamic tailoring and integration is
consistent with this notion. Intensity in this study was
operationalized as the schedul e of message delivery, and it was
hypothesized that messages sent at less frequent and changing
intervals over the 12-week intervention period would be more
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impactful than messages sent at a fixed interval with an abrupt
drop-off. This hypothesis was not supported. It is possible that
differences between the tapered and abrupt arms yielded
variations in the dose of text messages received (eg, number of
days enrolled, number of messages received), which we intend
to explore in secondary analyses.

Finaly, it is aso worth noting that none of the experimental
factors we tested increased engagement with the online
community. For technical reasons, thiswasthe only interactive
feature that required the user to first visit the website to
subsequently engage with community content viaan SM S text
message (ie, TIPS keyword). It may be that a text message
approach that did not require awebsite action may haveyielded
different findings. Alternatively, it may be that interest in and
use of social support resources—whether online or offline—may
be amore trait-like characteristic that is not subject to external
manipulation [46]. Other research has also failed to increase
the use of an online social network in an experimental design
[47,48].

Limitations

Several limitations should be considered. This study does not
allow usto draw conclusions about the impact of an engagement
strategy versus none on smoking outcomes [10]. This factorial
screening experiment was conducted asthefirst phase of 2-phase
trial. Whereas all 16 arms were compared in terms of their
ability to increase engagement with a smoking cessation
intervention, the next phase of this study involves acomparative
effectivenesstria (currently underway), which will allow usto
evaluate the impact of the presence versus absence of a
comprehensive engagement strategy (ie, Arm 16) inincreasing
abstinence rates. In addition, we cannot disentangle the effect
of engagement messages alone because they were delivered as
part of abroader text messageintervention. Thiswasadeliberate
design decision because text messages solely focused on
promoting engagement without reference to a user’s progress
in quitting would likely have been perceived as irrelevant.
Finally, we are cognizant of the fact that more does not always
equal better when it comes to digital engagement [49,50]. Our
classification of high levels of engagement was based on
empirical distributions, which may not necessarily correlate
with clinically meaningful engagement (ie, capable of promoting
abstinence). In previous research, McClure et a [51] found
positive effects of prescriptive message tone, dictated content
viewing order, and reminder emails in a factorial screening
experiment focused on internet engagement, but none of these
features enhanced cessation outcomes[52]. Phase 2 of thisstudy
will enable usto evaluate theimpact of thelevel of engagement
on smoking outcomes, to investigate the role of complex issues
such as reverse causality and confounding factors on the causal
pathway from engagement to outcomes, and to determine what
constitutes clinically meaningful engagement.

Given the proliferation of mobile apps for smoking cessation,
one may question our use of text messaging as an engagement
strategy over push notifications viaamobile app. Several factors
support our decision. Text messaging is a recommended
cessation modality [53], whereas the evidence for smartphone
apps is lacking [15]. A majority of apps that are downloaded
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are either never opened or used only once [54]. In addition, text
messaging may feel lessintrusive to users and be more widely
accepted: 57% of app users uninstall/decline to install apps
because of privacy concerns [55]. Finaly, smartphone
penetration lags behind high rates of cellphone ownership [18].

Comparison With Prior Work

Program completion results compare favorably with a large
study from SmokefreeTXT [56], a US-based text message
program from the National Cancer Institute. Among 25,283
individual swho subscribed to SmokefreeTXT, 38.3% (n=9686)
completed the entire 42-day program. In our trial, 53.5%
(461/864) of all study participants completed the full 90-day
text message program. In both programs, a sizable number of
participants disengaged early in treatment. We included all
participants randomized to treatment in our analyses, whereas
Augustson et a [56] restricted analyses to those that fully
initiated treatment (ie, set aquit date and received first full day
of treatment). Understanding patterns of early opt out from text
message interventions and identifying opportunities for
improving program delivery remain important areas of inquiry.

This study addresses several gaps in the literature on digital
interventions. Previous studies on improving engagement have
largely focused on the use of email and telephone calls [10].
The use of text messaging as an engagement strategy is novel
in this regard. In addition, previous studies have suffered from
small sample sizes and lack of statistical significance [10] and
provided few insights into the characteristics of digital
intervention approaches that make them effective for promoting
engagement [19]. This study was conducted as a full factorial,
which provided areasonably powered and efficient opportunity
to test for the presence of both main factor effects and pairwise
interactions. Other smoking cessation trias involving a full
factorial design [57] have aso found that higher order
interactions can account for more variance than the marginal
effects. When interactions are significant, factors should not be
examined inisolation, but one should consider their joint effects
(ie, the sum of their main effects and multiway interactions).
Although the MOST framework has been primarily described
as an efficient approach for evaluating the main effects of
intervention components, it can be easily adapted to
accommodate higher order terms aswell. Our results and those
of Cook et a [57] suggest that synergistic interactions may often
be present in smoking cessation trials and should be taken into
account at the study design phase.

Conclusions

In conclusion, thisfactorial screening experiment demonstrates
the effectiveness of a theory-driven text message intervention
in boosting overall engagement and use of the core features of
an internet smoking cessation program among adult smokers.
The results suggest that enabling users to engage with the tools
and content of an internet intervention via text messages and
tailoring the experience based on a user’'s pattern of program
use can boost the overall levels of engagement. These findings
have relevance to improving engagement in internet health
behavior change interventions more broadly and for future
research into the complex rel ationship between engagement and
outcomes. This study can serve as a model for conducting
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rigorous, fully powered research on engagement as afirst step  in digital interventions.
in understanding how to optimize behavior change outcomes

Acknowledgments

This work was supported by the National Institute on Drug Abuse of the National Institutes of Health (ROLDA038139). The
sponsor was not involved in the conduct of this study or the preparation of this paper. The authors would like to acknowledge
the contributions of Fiona Mortell and Monica-Ann Ortiguera Mendoza.

Conflictsof I nterest

AG, MJ, MA, and SC are employees of Truth Initiative, anonprofit public health foundation, which sells enterprise digital tobacco
cessation programs to support its mission-driven work. All other authors declare no conflicts of interest.

Multimedia Appendix 1
Simulation-Based Histograms of Arms-Specific Utilization Rates. Interactive Features.
[PDE File (Adobe PDF File), 44 KB - jmir_v22i4e17734 appl.pdf ]

Multimedia Appendix 2
Simulation-Based Histograms of Arms-Specific Utilization Rates: Key Engagement Metrics.
[PDE File (Adobe PDFE File), 35 KB - jmir_v22i4e17734_app2.pdf ]

References

1.  Pew Research Center. 2019 Jun 12. Internet/Broadband Fact Sheet, 2019 URL: http://www.pewinternet.org/fact-sheet/
internet-broadband/ [accessed 2020-03-09]

2. Graham AL, Amato MS. Twelve million smokers ook online for smoking cessation help annually: health information
national trends survey data, 2005-2017. Nicotine Tob Res 2019 Jan 4;21(2):249-252 [FREE Full text] [doi:
10.1093/ntr/nty043] [Medline: 29660037]

3. McCausland K, Curry L, Mushro A, Carothers S, Xiao H, Vallone D. Promoting a Web-Based Smoking Cessation
Intervention: Implications for Practice. Casesin Public Health Communication & Marketing. Proc 2011;5:3-26.

4. Rudie M, Bailey L. North American Quitline Consortium. 2018. North American Quitline Consortium FY 2018 Annual
Survey: Progress Update on State Quitlines URL: https://www.naquitline.org/resource/resmgr/2018_survey/

NAQC FY2018 Annua_Survey Da.pdf [accessed 2020-03-09]

5. Taylor GM, Ddlili MN, Semwal M, Civljak M, Sheikh A, Car J. Internet-based interventionsfor smoking cessation. Cochrane
Database Syst Rev 2017 Sep 4,9:CD007078 [FREE Full text] [doi: 10.1002/14651858.CD007078.pub5] [Medline: 28869775]

6.  Kohl LF, Crutzen R, de Vries NK. Online prevention aimed at lifestyle behaviors: a systematic review of reviews. JMed
Internet Res 2013 Jul 16;15(7):€146 [FREE Full text] [doi: 10.2196/jmir.2665] [Medline: 23859884]

7.  Graham A, Papandonatos G, Cha S, Erar B, Amato M. Improving adherence to smoking cessation treatment: smoking
outcomesin aweb-based randomized trial. Ann Behav Med 2018 Mar 15;52(4):331-341 [FREE Full text] [doi:
10.1093/abm/kax023] [Medline: 29878062]

8.  Graham AL, Zhao K, Papandonatos GD, Erar B, Wang X, Amato MS, et al. A prospective examination of online socia
network dynamics and smoking cessation. PLoS One 2017;12(8):e0183655 [FREE Full text] [doi:
10.1371/journal.pone.0183655] [Medline: 28832621]

9.  Danaher B, Smolkowski K, Seeley J, Severson H. Mediators of a successful web-based smokeless tobacco cessation
program. Addiction 2008 Oct;103(10):1706-1712 [FREE Full text] [doi: 10.1111/j.1360-0443.2008.02295.x] [Medline;
18715238]

10. Alkhadi G, Hamilton FL, Lau R, Webster R, Michie S, Murray E. The effectiveness of prompts to promote engagement
with digital interventions: a systematic review. J Med Internet Res 2016 Jan 8;18(1):e6 [FREE Full text] [doi:
10.2196/jmir.4790] [Medline: 26747176]

11. Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2017 Jun;7(2):254-267 [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

12.  Brouwer W, Kroeze W, Crutzen R, de Nooijer J, de Vries NK, Brug J, et a. Which intervention characteristics are related
to more exposure to internet-delivered healthy lifestyle promotion interventions? A systematic review. J Med Internet Res
2011 Jan 6;13(1):e2 [FREE Full text] [doi: 10.2196/jmir.1639] [Medline: 21212045]

13. Yardley L, Spring BJ, Riper H, Morrison LG, Crane DH, CurtisK, et al. Understanding and promoting effective engagement
with digital behavior change interventions. Am JPrev Med 2016 Nov;51(5):833-842. [doi: 10.1016/j.amepre.2016.06.015]
[Medline: 27745683]

https://www.jmir.org/2020/4/e17734 JMed Internet Res 2020 | vol. 22 | iss. 4 [e17734 | p.143
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v22i4e17734_app1.pdf&filename=9d0518ac128089569a9ec73859bb3c5e.pdf
https://jmir.org/api/download?alt_name=jmir_v22i4e17734_app1.pdf&filename=9d0518ac128089569a9ec73859bb3c5e.pdf
https://jmir.org/api/download?alt_name=jmir_v22i4e17734_app2.pdf&filename=baa3659bf4615d84241eae674e4cb781.pdf
https://jmir.org/api/download?alt_name=jmir_v22i4e17734_app2.pdf&filename=baa3659bf4615d84241eae674e4cb781.pdf
http://www.pewinternet.org/fact-sheet/internet-broadband/
http://www.pewinternet.org/fact-sheet/internet-broadband/
http://europepmc.org/abstract/MED/29660037
http://dx.doi.org/10.1093/ntr/nty043
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29660037&dopt=Abstract
https://www.naquitline.org/resource/resmgr/2018_survey/NAQC_FY2018_Annual_Survey_Da.pdf
https://www.naquitline.org/resource/resmgr/2018_survey/NAQC_FY2018_Annual_Survey_Da.pdf
http://europepmc.org/abstract/MED/28869775
http://dx.doi.org/10.1002/14651858.CD007078.pub5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28869775&dopt=Abstract
https://www.jmir.org/2013/7/e146/
http://dx.doi.org/10.2196/jmir.2665
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23859884&dopt=Abstract
http://europepmc.org/abstract/MED/29878062
http://dx.doi.org/10.1093/abm/kax023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29878062&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0183655
http://dx.doi.org/10.1371/journal.pone.0183655
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28832621&dopt=Abstract
http://europepmc.org/abstract/MED/18715238
http://dx.doi.org/10.1111/j.1360-0443.2008.02295.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18715238&dopt=Abstract
https://www.jmir.org/2016/1/e6/
http://dx.doi.org/10.2196/jmir.4790
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26747176&dopt=Abstract
http://europepmc.org/abstract/MED/27966189
http://europepmc.org/abstract/MED/27966189
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
https://www.jmir.org/2011/1/e2/
http://dx.doi.org/10.2196/jmir.1639
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21212045&dopt=Abstract
http://dx.doi.org/10.1016/j.amepre.2016.06.015
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27745683&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Graham et al

14.

15.

16.

17.

18.

19.

20.

21

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

Brouwer W, Oenema A, Crutzen R, de Nooijer J, de Vries NK, Brug J. An exploration of factors related to dissemination
of and exposureto internet-delivered behavior change interventions aimed at adults: a Delphi study approach. JMed Internet
Res 2008 Apr 16;10(2):e10 [FREE Full text] [doi: 10.2196/jmir.956] [Medline: 18417443]

Whittaker R, McRabbie H, Bullen C, Rodgers A, Gu Y, Dobson R. Mabile phone text messaging and app-based interventions
for smoking cessation. Cochrane Database Syst Rev 2019 Oct 22;10:CD006611. [doi: 10.1002/14651858.CD006611.pub5]
[Medline: 31638271]

Fry JP, Neff RA. Periodic prompts and remindersin health promotion and health behavior interventions: systematic review.
JMed Internet Res 2009 May 14;11(2):e16 [FREE Full text] [doi: 10.2196/jmir.1138] [Medline: 19632970]

van Dulmen S, SluijsE, van Dijk L, de Ridder D, Heerdink R, Bensing J. Patient adherence to medical treatment: areview
of reviews. BMC Health Serv Res 2007 Apr 17;7:55 [FREE Full text] [doi: 10.1186/1472-6963-7-55] [Medline: 17439645]
Pew Research Center. 2019 Jun 12. Maobile Fact Sheet URL: http://www.pewinternet.org/fact-sheet/mobile/ [accessed
2020-03-09]

Hall AK, Cole-LewisH, Bernhardt JM. Mobile text messaging for health: asystematic review of reviews. Annu Rev Public
Health 2015 Mar 18;36:393-415 [ FREE Full text] [doi: 10.1146/annurev-publhealth-031914-122855] [Medline: 25785892]
Collins LM, Murphy SA, Nair VN, Strecher VJ. A strategy for optimizing and evaluating behavioral interventions. Ann
Behav Med 2005 Aug;30(1):65-73. [doi: 10.1207/s15324796abm3001_8] [Medline: 16097907]

CollinsLM, Murphy SA, Strecher V. The multiphase optimization strategy (MOST) and the sequential multiple assignment
randomized trial (SMART): new methods for more potent eHealth interventions. Am J Prev Med 2007 May;32(5
Suppl):S112-S118 [FREE Full text] [doi: 10.1016/j.amepre.2007.01.022] [Medline: 17466815]

Petty RE, Cacioppo JT, Schumann D. Central and peripheral routesto advertising effectiveness: the moderating role of
involvement. J Comsum Res 1983;10(2):135-146. [doi: 10.1086/208954]

Dijkstra A. Working mechanisms of computer-tailored health education: evidence from smoking cessation. Health Educ
Res 2005 Oct;20(5):527-539. [doi: 10.1093/her/cyh014] [Medline: 15701665]

Webb MS, Simmons VN, Brandon TH. Tailored interventions for motivating smoking cessation: using placebo tailoring
to examine the influence of expectancies and personalization. Health Psychol 2005 Mar;24(2):179-188. [doi:
10.1037/0278-6133.24.2.179] [Medline: 15755232]

Jamison J, Naughton F, Gilbert H, Sutton S. Delivering smoking cessation support by mobile phone text message: what
information do smokers want? A focus group study. J Appl Behav Res 2013;18(1):1-23. [doi: 10.1111/jabr.12004]

Head KJ, Noar SM, lannarino NT, Harrington NG. Efficacy of text messaging-based interventions for health promotion:
ameta-analysis. Soc Sci Med 2013 Nov;97:41-48. [doi: 10.1016/j.socscimed.2013.08.003] [Medline: 24161087]
GarciaZ. Chromis Technology. 2018 Feb 8. Text Messaging Stats That Matter URL : https://www.chromis.com/
text-stats-that-matter/ [accessed 2020-03-09]

Webb TL, Joseph J, Yardley L, Michie S. Using the internet to promote health behavior change: a systematic review and
meta-analysis of the impact of theoretical basis, use of behavior change techniques, and mode of delivery on efficacy. J
Med Internet Res 2010 Feb 17;12(1):e4 [EREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

Heminger CL, Boal AL, Zumer M, Abroms LC. Text2Quit: an analysis of participant engagement in the mobile smoking
cessation program. Am JDrug Alcohol Abuse 2016 Jul;42(4):450-458. [doi: 10.3109/00952990.2016.1149591] [Medline:
27120396]

Milward J, Drummond C, Fincham-Campbell S, Deluca P. What makes online substance-use interventions engaging? A
systematic review and narrative synthesis. Digit Health 2018;4:2055207617743354 [EREE Full text] [doi:
10.1177/2055207617743354] [Medline: 29942622]

Noar SM, Benac CN, Harris M S. Does tailoring matter? Meta-analytic review of tailored print health behavior change
interventions. Psychol Bull 2007 Jul;133(4):673-693. [doi: 10.1037/0033-2909.133.4.673] [Medline: 17592961]

Free C, Knight R, Robertson S, Whittaker R, Edwards P, Zhou W, et al. Smoking cessation support delivered via mobile
phone text messaging (txt2stop): a single-blind, randomised trial. Lancet 2011 Jul 2;378(9785):49-55 [FREE Full text]
[doi: 10.1016/S0140-6736(11)60701-0] [Medline: 21722952]

Eysenbach G. Thelaw of attrition. JMed Internet Res 2005 Mar 31;7(1):e11 [FREE Full text] [doi: 10.2196/jmir.7.1.e11]
[Medline: 15829473]

Graham AL, Jacobs MA, Cohn AM, Cha S, Abroms L C, Papandonatos GD, et al. Optimising text messaging to improve
adherence to web-based smoking cessation treatment: a randomised control trial protocol. BMJ Open 2016 Mar
30;6(3):010687 [FREE Full text] [doi: 10.1136/bmjopen-2015-010687] [Medline: 27029775]

Fiore M, Jaén C, Baker T, Tobacco Use and Dependence Guideline Panel. Treating Tobacco Use and Dependence: 2008
Update. Rockville, MD: US Department of Health and Human Services; 2008.

Bandura A. Socia Foundations of Thought and Action: A Social Cognitive Theory. Englewood Cliffs, NJ. Prentice-Hall;
1986.

Mayo Clinic. Mayo clinic-mayo foundation courses and meetingsto be held in Rochester, MN, 1984. Mayo Clinic Proceedings
1984 Jul;59(7):516 [FREE Full text] [doi: 10.1016/50025-6196(12)60447-9]

https://www.jmir.org/2020/4/e17734 JMed Internet Res 2020 | vol. 22 | iss. 4 [e17734 | p.144

(page number not for citation purposes)


https://www.jmir.org/2008/2/e10/
http://dx.doi.org/10.2196/jmir.956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18417443&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD006611.pub5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=31638271&dopt=Abstract
https://www.jmir.org/2009/2/e16/
http://dx.doi.org/10.2196/jmir.1138
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19632970&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/1472-6963-7-55
http://dx.doi.org/10.1186/1472-6963-7-55
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17439645&dopt=Abstract
http://www.pewinternet.org/fact-sheet/mobile/
http://europepmc.org/abstract/MED/25785892
http://dx.doi.org/10.1146/annurev-publhealth-031914-122855
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25785892&dopt=Abstract
http://dx.doi.org/10.1207/s15324796abm3001_8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16097907&dopt=Abstract
http://europepmc.org/abstract/MED/17466815
http://dx.doi.org/10.1016/j.amepre.2007.01.022
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17466815&dopt=Abstract
http://dx.doi.org/10.1086/208954
http://dx.doi.org/10.1093/her/cyh014
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15701665&dopt=Abstract
http://dx.doi.org/10.1037/0278-6133.24.2.179
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15755232&dopt=Abstract
http://dx.doi.org/10.1111/jabr.12004
http://dx.doi.org/10.1016/j.socscimed.2013.08.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24161087&dopt=Abstract
https://www.chromis.com/text-stats-that-matter/
https://www.chromis.com/text-stats-that-matter/
https://www.jmir.org/2010/1/e4/
http://dx.doi.org/10.2196/jmir.1376
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20164043&dopt=Abstract
http://dx.doi.org/10.3109/00952990.2016.1149591
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27120396&dopt=Abstract
http://europepmc.org/abstract/MED/29942622
http://dx.doi.org/10.1177/2055207617743354
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29942622&dopt=Abstract
http://dx.doi.org/10.1037/0033-2909.133.4.673
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17592961&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0140-6736(11)60701-0
http://dx.doi.org/10.1016/S0140-6736(11)60701-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21722952&dopt=Abstract
https://www.jmir.org/2005/1/e11/
http://dx.doi.org/10.2196/jmir.7.1.e11
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829473&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=27029775
http://dx.doi.org/10.1136/bmjopen-2015-010687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27029775&dopt=Abstract
https://wellnesscoachtraining.mayo.edu/why-us/
http://dx.doi.org/10.1016/s0025-6196(12)60447-9
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Graham et al

38.

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

Richardson A, Graham AL, Cobb N, Xiao H, Mushro A, Abrams D, et al. Engagement promotes abstinence in aweb-based
cessation intervention: cohort study. JMed Internet Res 2013 Jan 28;15(1):e14 [FREE Full text] [doi: 10.2196/jmir.2277]
[Medline: 23353649]

Schubart JR, Stuckey HL, Ganeshamoorthy A, Sciamanna CN. Chronic health conditionsand internet behavioral interventions:
areview of factors to enhance user engagement. Comput Inform Nurs 2011 Feb;29(2 Suppl): TC9-T20. [doi:
10.1097/NCN.0b013e3182155274] [Medline: 21372645]

Alkhaldi G, Hamilton FL, Lau R, Webster R, Michie S, Murray E. The effectiveness of technol ogy-based strategies to
promote engagement with digital interventions. a systematic review protocol. IMIR Res Protoc 2015 Apr 28;4(2):e47
[FREE Full text] [doi: 10.2196/resprot.3990] [Medline: 25921274]

Cumming G, Finch S. Inference by eye: confidence intervals and how to read pictures of data. Am Psychol
2005;60(2):170-180. [doi: 10.1037/0003-066X.60.2.170] [Medline: 15740449]

Goldstein H, Healy MJ. The graphical presentation of acollection of means. JR Stat Soc Ser A Stat Soc 1995;158(1):175-177.
[doi: 10.2307/2983411]

Efron B, Tibshirani R. An Introduction to the Bootstrap. London, UK: Chapman & Hall; 1993.

Cohen J. Statistical Power Analysisfor the Behavioral Sciences. Second Edition. Hillsdale, NJ: Erlbaum; 1988.
DijkstraA, Ballast K. Personalization and perceived personal relevancein computer-tailored persuasion in smoking cessation.
Br JHealth Psychol 2012 Feb;17(1):60-73. [doi: 10.1111/].2044-8287.2011.02029.x] [Medline: 22106987]

Graham AL, Papandonatos GD, Zhao K. The failure to increase social support: it just might be time to stop intervening
(and start rigorously observing). Transl Behav Med 2017 Dec;7(4):816-820 [FREE Full text] [doi:
10.1007/s13142-016-0458-9] [Medline: 28070778]

Graham AL, Papandonatos GD, Cha S, Erar B, Amato M S, Cobb NK, et a. Improving adherence to smoking cessation
treatment: intervention effects in a web-based randomized trial. Nicotine Tob Res 2017 Mar 1;19(3):324-332 [EREE Full
text] [doi: 10.1093/ntr/ntw282] [Medline: 27836982]

Cutrona SL, Sadasivam RS, Del aughter K, Kamberi A, Volkman JE, Cobb N, National Dental PBRN Collaborative Group
comprises practitioners, faculty and staff who contributed to this activity. A list of these personsis at

http://national dental pbrn.org/publication.php. Online tobacco websites and online communities-who uses them and do
users quit smoking? The quit-primo and national dental practice-based research network Hi-Quit studies. Transl Behav
Med 2016 Dec;6(4):546-557 [FREE Full text] [doi: 10.1007/s13142-015-0373-5] [Medline: 27379777]

Christensen H, Griffiths K, Groves C, Korten A. Freerange users and one hit wonders: community users of aninternet-based
cognitive behaviour therapy program. Aust N Z JPsychiatry 2006 Jan;40(1):59-62. [doi: 10.1080/j.1440-1614.2006.01743.X]
[Medline: 16403040]

Saul JE, Amato MS, Cha S, Graham AL. Engagement and attrition in internet smoking cessation interventions: Insights
from a cross-sectional survey of 'one-hit-wonders. Internet Interv 2016 Sep;5:23-29 [FREE Full text] [doi:
10.1016/j.invent.2016.07.001] [Medline: 30135803]

McClure JB, Shortreed SM, Bogart A, Derry H, Riggs K, St John J, et al. The effect of program design on engagement
with an internet-based smoking intervention: randomized factorial trial. JMed Internet Res 2013 Mar 25;15(3):e69 [FREE
Full text] [doi: 10.2196/jmir.2508] [Medline: 23529377]

McClure J, Peterson D, Derry H, Riggs K, Saint-Johnson J, Nair V, et a. Exploring the 'active ingredients' of an online
smoking intervention: a randomized factorial trial. Nicotine Tob Res 2014 Aug;16(8):1129-1139 [FREE Full text] [doi:
10.1093/ntr/ntu057] [Medline: 24727369]

The Community Guide. 2011. Tobacco Use and Secondhand Smoke Exposure: Maobile Phone-Based Cessation I nterventions
URL: https://www.thecommunityguide.org/findings/

tobacco-use-and-secondhand-smoke-exposure-mobil e-phone-based-cessati on-interventions [accessed 2020-03-09]

Perez S. Tech Crunch. 2016 May 31. Nearly 1 in 4 People Abandon Mobile Apps After Only One Use URL: https:/
[techcrunch.com/2016/05/31/nearly-1-in-4-peopl e-abandon-mobile-apps-after-only-one-use/ [accessed 2020-03-09]
BoylesJ, Smith A, Madden M. Pew Research Center. 2012 Sep 5. Privacy and Data M anagement on Maobile Devices URL :
https.//www.pewresearch.org/internet/2012/09/05/privacy-and-data-management-on-mobile-devices/ [accessed 2020-03-09]
Augustson E, Cole-LewisH, Sanders A, Schwarz M, Geng Y, CoaK, et a. Analysing user-reported data for enhancement
of SmokefreeTXT: anational text message smoking cessation intervention. Tob Control 2017 Nov;26(6):683-689. [doi:
10.1136/tobaccocontrol-2016-052945] [Medline: 27852892]

Cook W, CollinsLM, Fiore MC, Smith SS, Fraser D, Bolt DM, et al. Comparative effectiveness of motivation phase
intervention components for use with smokers unwilling to quit: afactorial screening experiment. Addiction 2016
Jan;111(1):117-128 [FREE Full text] [doi: 10.1111/add.13161] [Medline: 26582140]

Abbreviations

EX: BecomeAnEX
MOST: Multiphase Optimization Strategy
SMD: standardized mean difference

https://www.jmir.org/2020/4/e17734 JMed Internet Res 2020 | vol. 22 | iss. 4 [e17734 | p.145

(page number not for citation purposes)


https://www.jmir.org/2013/1/e14/
http://dx.doi.org/10.2196/jmir.2277
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23353649&dopt=Abstract
http://dx.doi.org/10.1097/NCN.0b013e3182155274
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21372645&dopt=Abstract
https://www.researchprotocols.org/2015/2/e47/
http://dx.doi.org/10.2196/resprot.3990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25921274&dopt=Abstract
http://dx.doi.org/10.1037/0003-066X.60.2.170
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15740449&dopt=Abstract
http://dx.doi.org/10.2307/2983411
http://dx.doi.org/10.1111/j.2044-8287.2011.02029.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22106987&dopt=Abstract
http://europepmc.org/abstract/MED/28070778
http://dx.doi.org/10.1007/s13142-016-0458-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28070778&dopt=Abstract
http://europepmc.org/abstract/MED/27836982
http://europepmc.org/abstract/MED/27836982
http://dx.doi.org/10.1093/ntr/ntw282
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27836982&dopt=Abstract
http://europepmc.org/abstract/MED/27379777
http://dx.doi.org/10.1007/s13142-015-0373-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27379777&dopt=Abstract
http://dx.doi.org/10.1080/j.1440-1614.2006.01743.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16403040&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2214-7829(16)30021-5
http://dx.doi.org/10.1016/j.invent.2016.07.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30135803&dopt=Abstract
https://www.jmir.org/2013/3/e69/
https://www.jmir.org/2013/3/e69/
http://dx.doi.org/10.2196/jmir.2508
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23529377&dopt=Abstract
http://europepmc.org/abstract/MED/24727369
http://dx.doi.org/10.1093/ntr/ntu057
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24727369&dopt=Abstract
https://www.thecommunityguide.org/findings/tobacco-use-and-secondhand-smoke-exposure-mobile-phone-based-cessation-interventions
https://www.thecommunityguide.org/findings/tobacco-use-and-secondhand-smoke-exposure-mobile-phone-based-cessation-interventions
https://techcrunch.com/2016/05/31/nearly-1-in-4-people-abandon-mobile-apps-after-only-one-use/
https://techcrunch.com/2016/05/31/nearly-1-in-4-people-abandon-mobile-apps-after-only-one-use/
https://www.pewresearch.org/internet/2012/09/05/privacy-and-data-management-on-mobile-devices/
http://dx.doi.org/10.1136/tobaccocontrol-2016-052945
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27852892&dopt=Abstract
http://europepmc.org/abstract/MED/26582140
http://dx.doi.org/10.1111/add.13161
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26582140&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Graham et al

Edited by G Eysenbach; submitted 12.01.20; peer-reviewed by V Do, O Perski; commentsto author 31.01.20; revised version received
09.02.20; accepted 22.02.20; published 02.04.20.

Please cite as:

Graham AL, Papandonatos GD, Jacobs MA, Amato MS, Cha S, Cohn AM, Abroms LC, Whittaker R

Optimizing Text Messages to Promote Engagement With Internet Smoking Cessation Treatment: Results From a Factorial Screening
Experiment

J Med Internet Res 2020;22(4):e17734

URL: https://mww.jmir.org/2020/4/e17734

doi:10.2196/17734

PMID: 32238338

©Amanda L L Graham, George D Papandonatos, Megan A Jacobs, Michael S Amato, Sarah Cha, Amy M Cohn, Lorien C
Abroms, Robyn Whittaker. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 02.04.2020.
This is an open-access article distributed under the terms of the Creative Commons Attribution License
(https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, alink to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

https://www.jmir.org/2020/4/e17734 JMed Internet Res 2020 | vol. 22 | iss. 4 [e17734 | p.146
(page number not for citation purposes)

RenderX


https://www.jmir.org/2020/4/e17734
http://dx.doi.org/10.2196/17734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32238338&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Altendorf et al

Original Paper

Effectiveness of Message Frame-Tailoring in a Web-Based
Smoking Cessation Program: Randomized Controlled Trial

Maria Altendorf*, MSc; Ciska Hoving?, PhD; JuliaCM Van Weert", PhD; Eline Suzanne Smit*, PhD

1Department of Communication Science, Amsterdam School of Communication Research, University of Amsterdam, Amsterdam, Netherlands
2Department of Health Promotion, Care and Public Health Research Institute, Maastricht University, Maastricht, Netherlands

Corresponding Author:

Maria Altendorf, MSc

Department of Communication Science
Amsterdam School of Communication Research
University of Amsterdam

P O Box 15791

Amsterdam, 1001 NG

Netherlands

Phone: 31 627967317

Email: m.b.altendorf @uva.nl

Abstract

Background: The content of online computer-tailored interventionsis often determined to match an individual’s characteristics,
beliefs, and behavioral factors. These content-tailored interventions lead to better message processing and a higher likelihood of
behavior change such as smoking cessation. However, a meta-analysis of online computer-tailored interventions showed that
effect sizes, albeit positive, remain small, suggesting room for improvement. A promising strategy to enhance the effectiveness
of online computer-tailored interventions is to tailor the message frame (ie, how a message is communicated) based on the
preferred communication style of the user in addition to content-tail oring. One factor that determines an individual’s communication
style preference isthe need for autonomy; some individuals prefer an autonomy-supportive communication style (offering choice
and use of suggestive language), whereas others might prefer a directive communication style, which is replete with imperatives
and does not provide choice. Tailoring how messages are presented (eg, based on the need for autonomy) is called message
frame-tailoring.

Objective: Theaim of the present study wasto test the effectiveness of message frame-tailoring based on the need for autonomy,
in isolation and in combination with content-tailoring, within the context of an online computer-tailored smoking cessation
intervention. The primary outcome measure was the 7-day point-prevalence of smoking abstinence. Secondary outcomes were
perceived message rel evance, self-determined motivation to quit smoking, and sociocognitive beliefs.

Methods: A randomized controlled trial with a2 (message frame-tail oring vs no message frame-tail oring) by 2 (content-tailoring
VS no content-tailoring) design was conducted among adult smokers intending to quit smoking (N=273).

Results: Structural equation modeling revealed that the content-tailored condition increased smoking abstinence rates 1 month
after the start of the intervention (beta=.57, P=.02). However, neither message frame-tailoring nor its interaction with
content-tailoring significantly predicted smoking abstinence. In our model, message frame-tailoring, content-tailoring, as well
astheir interaction significantly predicted perceived relevance of the smoking cessation messages, which consequently predicted
salf-determined mativation. In turn, self-determined motivation positively affected attitudes and self-efficacy for smoking cessation,
but only self-efficacy consequently predicted smoking abstinence. Participantsin the control condition perceived the highest level
of message relevance (mean 4.78, SD 1.27). However, messages that were frame-tailored for individuals with a high need for
autonomy in combination with content-tail ored messages led to significantly higher levels of perceived message relevance (mean
4.83, SD 1.03) compared to those receiving content-tailored messages only (mean 4.24, SD 1.05, P=.003).

Conclusions: Message frame-tailoring based on the need for autonomy seems to be an effective addition to conventional
content-tailoring techniques in online smoking cessation interventions for people with a high need for autonomy; however, this
is not effective in its current form for people with alow need for autonomy.

Trial Registration: Dutch Trial Register (NL6512/NRT-6700); https://www.triaregister.nl/trial/6512

(J Med Internet Res 2020;22(4):€17251) doi:10.2196/17251
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Introduction

Smoking tobacco is the single most preventable cause of
noncommunicable diseases such as cancer [1]. Behavioral
support through online computer content-tailored (CCT)
smoking cessation interventions can be effective in improving
quit rates among smokers, substantially exceeding the success
rates of more static interventions such as generic online smoking
cessation information [2]. Online CCT smoking cessation
interventions aim to provide smokers with individualized
cessation information, which is assessment-based (eg, a
computerized survey assesses participants' current behavioral
beliefs, characteristics, and other attributes) and automatically
created by computer software [3-6]. In content-tailored
messages, an individual’ s responses are automatically matched
with the relevant message content only. Previous studies have
shown that content-tailored messages increase the perceived
message relevance and enhance desired behavior [4,6-10].
Although online CCT smoking cessation interventions lead to
better message processing and a higher likelihood of
performance of advocated behaviors [5,8,11], effect sizes tend
toremain small [2]. To enhance the effectiveness of online CCT
health interventions, it is suggested to also use message
frame-tailoring in which the message frameis matched (ie, tailor
how a message is presented or formulated) based on a person’s
preferred communication style in addition to message
content-tailoring [10-12]. However, no smoking cessation
interventions that incorporate both content-tailoring and
frame-tailoring have been rigoroudly tested to date.

A promising factor for message frame-tailoring is peopl€’s need
for autonomy (NFA), which determines one's preference for
an autonomy-supportive or more directive communication style,
as shown in several studies conducted in face-to-face and other
offline health settings in the fields of cancer prevention and
healthy nutrition [11,13,14]. In self-determination theory [15],
it istheorized that the satisfaction of aperson’s NFA isessential
for the development of self-determined motivation, well-being,
and behavioral engagement [16-18]. In turn, motivations to
change are more likely to be trandated into actions via
sociocognitive beliefs (ie, attitudes, subjective norms, and
self-efficacy  perceptions) when this motivation is

https://www.jmir.org/2020/4/e17251

self-determined [19]. People with ahigher NFA prefer to choose
their own way of how to obtain agoal such asto quit smoking,
whereas those with a lower NFA instead prefer to be told
through clearcut expert advice how best to reach their goa
[11,13,14,19,20]. To illustrate this difference, two studies on
the effects of printed health communication showed that
peopl€e's preference for acertain communication style moderated
the intervention impact [11,13]. That is, people who received
messages that were frame-tailored according to their
communication style preference (eg, with ahigh NFA) and were
presented with messages in an autonomy-supportive message
style using suggestive language (eg, words such as “may” or
“could”) more often performed the desired behavior than those
who received no frame-tailored messages or messages in a
controlling message style (eg, messages in directive wording
such as “must” or “should”).

However, to the best of our knowledge, there has been no study
investigating whether message frame-tailoring based on the
NFA enhances the effectiveness of a content-tailored smoking
cessation intervention in an online context. Therefore, the aim
of the present study was to test the effectiveness of message
frame-tailoring based on the NFA, in isolation and in
combination with content-tailoring, within the context of an
online CCT smoking cessation intervention. The online
environment is specifically promising to enhance intervention
effectiveness, as it has a great reach and is thus an “easy to
access’ medium compared to tailored print health information
[21].

Specifically, we set out to test the following three main
hypotheses: (H1a) frame-tailoring based on people’s NFA will
lead to higher smoking abstinence rates than no frame-tail oring,
(H1b) content-tailoring will lead to higher abstinence ratesthan
no content-tailoring, and (H1c) the combination of message
frame-tailoring and content-tailoring will lead to the overall
highest abstinence rates. In addition, we hypothesized that the
above-described  effects of message frame-tailoring,
content-tailoring, and their combination are mediated by
perceived relevance of the message (H2a), self-determined
motivation (H2b), and sociocognitive beliefs (H2c). Figure 1
depicts the full conceptual model.

JMed Internet Res 2020 | vol. 22 | iss. 4 [e17251 | p.148
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Altendorf et d

Figure 1. Conceptual model. Smoking abstinence was measured as the 7-day point prevalence of absence of smoking. A, attitudes; SE, self-efficacy;

Sl, social influence.

Methods

Study Design and Procedure

To test the hypotheses, we relied on data collected within a
6-month randomized controlled trial (RCT) using a 2
(frame-tailoring vs no frame-tailoring) by 2 (content-tailoring
vs ho content-tailoring) between-subjects design. We here
present the data of TO (baseline measurement), Tl (immediate
postintervention follow-up), and T2 (1-month postintervention
follow-up) measurementsin the context of the Web-based CCT
smoking cessation program Personal Advice in Stopping
smoking (PAS). PAS was exclusively accessible viathe project
website [22] and was suitable for computers, laptops, as well
as for mobile phones and tablets. Prior to study enrolment,
smokersin the Dutch general public weretargeted through social
media (eg, Facebook, Twitter, Linkedin), Google
advertisements, and Dutch (online) newspapers and radio. Once
smokers were willing to participate, they were provided with
study information and could give their online informed consent,
after which they could create their own username and password.
Subsequently (TQ), participants were automatically assigned to
oneof thefour conditionsthrough computer randomization and
asked to complete the baseline questionnaire (T0O), invited to
use the intervention, and asked to complete the immediate
postintervention evaluation (T1). One month later, they were

https://www.jmir.org/2020/4/e17251
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prompted via email to fill out a brief follow-up questionnaire
(T2). Participants received a 10 Euro voucher for their total
45-minute participation when completing the last and third
follow-up questionnaire after 6 months.

The study was approved by the Institutional Review Board of
the Amsterdam School for Communication Research, University
of Amsterdam (2017-PC-7599), and isregistered with the Dutch
Trial Register (NL6512/NRT-6700).

Participants

At baseline, 534 participants were recruited from mid-December
2018 to March 2019, 273 (51.1%) of whom could be
followed-up after 1 month, including 85 (31.1%) in the
frame-tailored and content-tailored group, 58 (21.2%) in the
frame-tailored and no-content-tailored group, 55 (20.1%) in the
control group, and 75 (27.5%) in the no frame-tailored and
content-tailored group. The participant flow throughout the
study is shown in Figure 2. Inclusion criteria for participants
were: 18 years or older, intending to quit smoking within the
upcoming 6 months, providing online informed consent, and
not having smoked during the last 7 days. An a priori power
analysis using G* Power software [23] estimated that a sample
size of a minimum of 198 participants should be sufficient to
detect small effects and interaction effects (power=.80, odds

ratio=1.68, R? content-tailoring=.03) based on an earlier study
[24].
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Figure2. Flow chart of participants. TO, enrollment, allocation, and baseline measurements; T1, measurement of perceived relevance; T2, measurement
of motivation, attitude toward smoking cessation, socia influence, self-efficacy, smoking abstinence.

[ Enrollment & allocation ]

Eligible, randomized &
completed TO & T1 (n=532)

Excluded (too quick
response time, invahd
response) (n=4)

Follow-up

Invited for follow-up (n=528)

Lost to follow-up
(n=255)

v

Completed T2 (n=273)

Experimental Conditions

Content-Tailoring

In the content-tail ored condition, participantsreceived smoking
cessation advice adapted according to their answers in the
guestionnaire, which was grounded in the |-Change Model [25].
Questions concerned participants’ smoking behavior, attitude,
self-efficacy, socia influence, action and coping planning, as
well astheir intention to quit smoking or to remain anonsmoker
[26,27].

Frame-Tailoring

Message frame-tailoring was based on an assessment of the
participants’ individual NFA. Participants with a high NFA
received autonomy-supportive message framesthat encouraged
peopleto accept responsihility for their own behavior by taking
the message recipient’s perspective into account through
reflective feedback, using language that minimized pressureon
the reader, and providing choice (eg, by choosing whether or
not to receive additional information on smoking cessation or
by choosing whether or not to decide on a quit smoking date)
[11,13,28,29]. Participantswith alow NFA received controlling
message framesthat consisted of directive and forceful sentences
with imperatives and commands. In addition, authoritative
statements such as “experts say” were included and positive
filling terms (eg, “luckily”, “good”) were avoided. In this case,
the participants were not provided with choice, but rather
received all smoking cessation information and aquit date within
the next 2 weeks.

Asin the frame-tailoring—only condition, in which we tailored
both the content and message frames, the style or tone was
adjusted based on the NFA throughout all intervention messages.

Control

In the control condition, participants received generic smoking
cessation advice, which was neither tailored to their preassessed
answers nor to their NFA. A smoking cessation advice example
used for each of the conditions is shown in Multimedia
Appendix 1.

https://www.jmir.org/2020/4/e17251

Pilot Testing

Previous to this study, we conducted an extensive usability test
of PAS among smoking cessation experts (N=5) and smokers
from different sociodemographic backgrounds (N=7) (personal
communi cation with van Strien-K nippenberg, Faculty of Social
and Behavioral Sciences, University of Amsterdam). The
guestionnaire and stimulus materialswere pilot-tested and used
in previous online experiments (details can be obtained from
the corresponding author MA on request and in our previous
study [24]).

Measures

Overall Measures and Evaluation Timeline

At baseline (T0), we measured demographic variables along
with the frame-tailoring and content-tailoring variables (ie, NFA
and 1-Change Model variables). Immediately postintervention
(T1), the manipulation assessment and participants’ perceived
relevance were measured. At 1-month follow-up (T2),
self-determined motivation, sociocognitive beliefs, and smoking
abstinence were assessed. All itemswere measured on a 7-point
scale ranging from 1 (strongly disagree) to 7 (strongly agree),
unless indicated otherwise. Full descriptions of the scales,
including item wording, are listed in Multimedia Appendix 2.

Demographics

Age, gender, living arrangement, educational level, presence
of respiratory or cardiovascular diseases and (in the case of
female gender) pregnancy, and smoking-related behaviors (eg,
cigarettes smoked per day) were assessed.

Dependent Variable

We measured the 7-day point prevalence abstinence from
smoking (smoking abstinence) by asking participants whether
they had smoked in the last 7 days (yes=0, no=1).

Mediators

The perceived rel evance of the smoking cessation message was
assessed using 3 itemsdescribed by Zhao and Peterson [9]. This
scalewasprovento bereliable, in which higher scoressignified
higher perceived relevance (Cronbach alpha=.87, mean 4.44,
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SD 0.08). Self-determined motivation to quit smoking was
measured using the 6-item Treatment Self-Regulation
Questionnaire (TSRQ) [30], which also showed good reliability
(Cronbach alpha=.92, mean 5.34, SD 0.21). Higher scores on
the response scale denoted higher levels of self-determined
motivation to quit.

Attitudes toward smoking cessation, socia influence beliefs,
self-efficacy, and intention to quit smoking were assessed based
onthel-Change Model [25]. Twelveitemswere used to measure
attitude toward smoking cessation, which were answered on a
5-point Likert scale (1=completely disagree, 5=completely
agree). Higher scores indicated higher perceptions of the pros
or cons of smoking cessation, respectively. Two subscaleswere
formed with each of the 6 items assessing the perceived pros
and cons of smoking cessation, respectively. Both subscales
appeared to have good reliability (Cronbach al phay,,=.79, mean

3.55, SD 0.62; Cronbach alpha,,,=.76, mean 2.36, SD 0.51).

Social influence was measured using the concepts of social
support (3 items) and social norms (3 items). Answers were
given within 6 response categories. The subscales for socia
support and socia norms had poor reliability (Cronbach
a phagyy yppor=-58; Cronbach aphag,a norms=-48) and therefore
neither of these scales could be used.

Self-efficacy was measured by 9 items, which were answered
ona5-point Likert scale (1=strongly disagree, 5=strongly agree).
The scale was found to be reliable (Cronbach apha=.91, mean
3.51, SD 0.29) and higher scores indicated higher perceived
self-efficacy for smoking cessation.

Tailoring Variables

NFA was assessed with the Health Causality Orientations Scale
(HCOS) [14,31]. Inthe HCOS, participants receive 4 scenarios
for changing their health behavior with each of 3 different
statements of how they would act in the scenario (eg, methods
of quitting smoking). The participantsthen haveto indicate how
they would quit smoking by choosing one of the 3 statements.
Each statement comprises a motivation orientation (ie,
self-determined, controlled orientation toward friends and
family, controlled orientation toward experts). Responses were
given onab-point Likert scale (1=very unlikely, 5=very likely).
Four items from the HCOS reflect people’'s autonomous
orientation, which were used to determine the participant’s
NFA; higher mean scoresindicated ahigher NFA. For tailoring,
the cutoff point to determine ahigh or low NFA was 3.8 on the
HCOS, which was based on results from an earlier online
experiment (more details can be obtained from the
corresponding author MA on request).

Manipulation Check

To assess the validity of our frame-tailoring approach, we used
4 itemsthat assessed the degree to which participants perceived
the tone of the advice as controlling or autonomy-supportive
(eg, “The advice was formulated in a pressuring tone”). The
validity of our content-tailored manipulation was measured with
3 items asking whether participants felt that the smoking
cessation advice was specifically written for them (eg, “In this
program, | received advice based on the responses that | gave

https://www.jmir.org/2020/4/e17251
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to the questions’). Responses were given on a 5-point Likert
scale (1=strongly disagree, 5=strongly agree).

Statistical Analysis

Descriptive analyseswith SPSSversion 25 (SPSSInc., Chicago,
IL, USA) were conducted to determine sample characteristics
and to check for differences in background variables and
smoking-related behaviors (eg, number of cigarettes smoked
on an average day) between conditions. We used two-sided t
tests, Chi square tests, and analysis of variance (ANOVA) as
appropriate. In addition, anonresponse analysiswith two-sided
t testsand Chi sguare tests was conducted to determine whether
selective dropout had occurred. We compared complete with
lost-to-follow-up cases at T2 with regard to the same set of
variables. Structural eguation modeling (SEM) was conducted
in R (R Foundation for Statistical Computing, Vienna, Austria)
with the lavaan package version 0.6-3 [32]. Manifest variables
were used for data analysis owing to the rather small sample
size (N=273) for SEM analysis. Covarianceswere added among
the two subscal es measuring attitude toward smoking cessation,
asthese subscal es measured different parts of the same concept.
Next, we built apath model with smoking abstinence (measured
at T2) asthe main outcome. Based on our hypotheses, we added
direct paths from the exogenous variables (ie, frame-tailoring,
content-tailoring, and their combination) to smoking abstinence.
We then added directs paths from the exogenous variables to
perceived relevance and to self-determined motivation, along
with adirect path from perceived relevance to self-determined
motivation. Direct paths were added from self-determined
motivation to attitudes and self-efficacy perceptions and to
smoking abstinence. In addition, direct paths were added from
attitudes and self-efficacy perceptions to smoking abstinence.
The significance level was set at 5% and only the direct
unstandardized effects are reported.

Thedatathat support the findings of this study are availablevia
Open Science Framework [33].

Results

Randomization and M anipulation Check

There were no significant differences between participants in
the experimental conditions and control condition with regard
to their demographics such as age and educational level, chronic
diseases, and smoking behaviors. In terms of the manipulation,
as expected, the frame-tailored and content-tailored conditions
were significantly more often perceived as such by participants
compared to the nonframe-tailored and noncontent-tailored
conditions, respectively. Thus, the manipulation succeeded. An
overview of all items assessing our manipulations, together with
their mean values in each of the experimental conditions, is
provided in Multimedia Appendix 3.

Sample Characteristics and Attrition

Comparisons of the 273 participants who completed the study
and the 255 participants who were lost to follow-up after 1
month showed no significant differencesin gender, educational
level, smoking behaviors, and chronic diseases, but the Chi
square test for condition and intervention drop-out was
significant (Chi-square;=11.15, N=528, P=.11): less participants
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in the message frame-tailoring and content-tailoring condition
were lost to follow-up (n=50, 9.5%) compared to participants
who received message frame-tail oring without content-tailoring
(n=65, 12.3%), generic advice (ie, the control condition; n=71,
13.4%), or no message frame-tailoring but content-tailoring
only (n=69, 13.1%). Participantswho dropped out (mean 40.11
years, SD 14.28) were also significantly (F;=5.89, P=.02)
younger than those who compl eted the foll ow-up measurement
(mean 43.05 years, SD 13.52).

Participant age was added as a covariate to our structural model
becauseit was significantly correlated with smoking abstinence

Altendorf et d

and with intervention drop-out. Asour model with the covariate
was very complex, for clarity purposes, we here only report the
results of variables that were of substantial interest based on
the theory. Table 1 provides an overview of the sample
characteristics of the participants who completed the study and
those lost to follow-up. The assumptions of multivariate
normality and linearity were met and no multicollinearity
existed. We conducted our SEM analysis with the diagonal
weighted |east squares (DWL S) estimator, which providesrobust
values from the full weight matrix to compute standard errors.
No missing data among endogenous variables were observed.

Table 1. Comparison of participants who completed the study with those who dropped out.

Participant characteristics TO (N=528) Completed T2 (N=273) Dropout at T2 (N=255)
Demographics
Female, n (%) 187 (35.4) 106 (38.8) 81 (31.8)
Age (years), mean (SD) 41.63 (13.95) 43.05 (13.526) 4011 (14.28)
Educational level, n (%)
High 233 (44.1) 133 (48.7) 100 (39.2)
Middle 228 (43.2) 111 (40.7) 117 (45.9)
Low 67 (12.7) 29 (10.6) 38 (14.9)
Other/missing 0(0) 0(0) 0(0)
Living arrangement, n (%)
With partner 110 (20.8) 61 (22.3) 49 (19.2)
With partner and child(ren) 119 (22.5) 61 (22.3) 58 (22.7)
With child(ren) 55 (10.4) 25(9.2) 30 (11.8)
Alone 208 (39.4) 110 (40.3) 98 (38.4)
Other/missing 36 (6.8) 16 (5.9) 20(7.8)
Number of daily smoked, mean (SD)
Cigarettes 11.13(8.34) 10.6 (7.92) 11.63 (8.75)
Shags 3.69 (8.26) 3.8 (8.40) 3.75(8.12)
Cigars 0.40 (2.68) 0.24 (1.85) 0.57 (3.34)
Cigarillos 0.18 (1.38) 0.19 (1.34) 0.18 (1.42)
Pipes 0.13(1.17) 0.07 (0.78) 0.18 (1.49)
Earlier quit attempts, mean (SD) 5.74(0.58) 5.29 (11.41) 6.23 (15.27)
Existence of (chronic) disease, n (%)
Heart disease 39(7.4) 21(7.7) 18(7.1)
COPDP 106 (20.1) 58 (21.2) 48 (18.8)
Diabetes 25 (4.7) 13 (4.8) 12 (4.7)
Cancer 29 (5.5) 12 (4.4) 17 (6.7)
agignificant mean difference from T2: F1, 506=5.893, P=.02.
bCOPD: chronic obstructive pulmonary disorder.
We identified outliers among endogenous variables (ie, Model Testing

perceived relevance, self-determined motivation, perceived pros
of smoking cessation, self-efficacy), which were checked and
considered random, and therefore not removed.

https://www.jmir.org/2020/4/e17251

Our hypothesized path model appeared to have a poor model
fit according to conventional goodness-of-fit indices[34]. Based
on the modification indices and the residual covariance matrix,
we assumed it to be necessary to trim our path model by
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discarding a variable from the model (ie, the cons of smoking
cessation), which subsequently led to good model fit. Table 2
provides an overview of model fit indices for the hypothesized
and fitted model.

Table 2. Fitindices of the path model with smoking abstinence as outcome.

Altendorf et d

The results from SEM analysis are depicted in the structural
model in Figure 3. For clarity, we present the results only for
the significant regression coefficients.

Fit indices Hypothesized model P value Final (trimmed) model P value

Chi-square 75.431g <.001 20.249;5 .09

Comparative fit .814 N/AR .967 N/A

RMSEAP (90% CI) 0.10 (0.08, 0.13) N/A 0.04 (0.00- 0.08) N/A
3ot applicable.

BPRMSEA: root mean square error of approximation.

Figure 3. Final model with significant paths only. Results are presented as standardized direct effects. Dotted lines represent nonsignificant paths.
Straight lines represent significant paths (P&It;.05). Apro, pros of smoking cessation; SE, self-efficacy.

Frame-

tailoring |\

Comtent- | g N oo | @5 e Lo, Smoking
tailoring abstinence

Content-tailoring
x
Frame-tailoring

Hypothesis Testing

Effects of Message Frame-Tailoring and
Content-Tailoring on Smoking Abstinence

In contrast to our expectations, neither message frame-tailoring
based on a smoker's NFA nor the combination of message
frame-tailoring and content-tailoring significantly affected
smoking abstinence. However, as expected, we identified a
significant positive effect from content-tailoring on smoking
abstinence (beta=.57, P=.02). In the frame-tailored and
content-tailored condition, 23 (30.3%) smokers refrained from
smoking, while 12 (15.8%) smokersin the frame-tailored—only,
11 (14.5%) smokers in the control condition, and 30 (39.5%)
smokers in the content-tailored—only condition refrained from
smoking. Thus, we could only partly confirm thefirst hypothesis
(H1b).

Mediation of Perceived Relevance, Self-Determined
Motivation, and Sociocognitive Beliefs About Smoking
Cessation

As shown in the model (Figure 3), we identified a significant
main effect of content-tailoring and message frame-tailoring
based on the users NFA as well as their combination on
smokers' perceived relevance of the smoking cessation message,
the first mediator in our model. ANOVA showed significant
differences between the conditions (F3 569=4.82, P=.003) and
Tukey’s post hoc test was used to identify the conditions with
significant differences. The control condition (ie, no content-

https://www.jmir.org/2020/4/e17251

27

or message frame-tail oring) was perceived as significantly more
relevant than message frame-tailoring or content-tailoring alone
(mean difference 0.65, SE 0.20 and mean difference 0.54, SE
0.19, respectively) and was similarly relevant as the condition
with both content- and message frame-tailoring. Thus,
surprisingly, generic smoking cessation advice led to similarly
high levels of perceived message relevance as a message that
wastailored both in terms of content and message framing, and
led to higher perceived relevance than messages tailored in
terms of only one of these aspects.

As these findings were against the expected direction, we
decided to inspect the data even more closely by comparing
participants with a high and low NFA within the message
frame-tailored conditions. This comparison showed that smokers
with a high NFA generaly perceived their message as more
relevant compared to participants who had a low NFA when
they received aframe-tailored smoking cessation message, both
with and without content-tailoring. Moreover, the combination
of message frame-tailoring and content-tailoring led to
significantly higher perceived relevance than content-tailored
messages only, but only for smokers with a high NFA (mean
difference 0.59, SE 0.19; P=.04). In addition, those with a high
NFA in the frame-tailored and content-tailored condition
perceived the messages as significantly more relevant compared
to those with alow NFA who received frame-tailored but not
content-tailored messages. Toillustrate these findings, the means
per condition for al continuous variables in the SEM are
provided in Table 3.
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Table 3. Mean (SD) values per condition for all endogenous variables (N=273).

Dependent Frame-tailoring and content-tai-  Frame-tailoring and no content-  Noframe-tailor- Noframe-tailor- Overal g o P value?
variable loring tailoring ing and no con- ingand content- mean
tent-tailoring tailoring
All partici-  High Low  All partici- High Low
pants N FAb NFA pants NFA NFA
Relevance 4.59 (1.05) 4i8§3 4i2(§31 4.13(0.96) 4i2097 3;); 4.78 (1.27) 4.24 (1.05) 4i4130 4.365; 008",
(1.03)  (1.01) (107)  (83) (1.10) ozt one
Motivation 533(1.32) 557 500 5.16(1.11) 5.36 498 5.42(1.14) 5.42 (1.26) 5.34 1.565;
(142)  (1.10) (1.00) (119 122) 5
Sef 352(0.84) 3.70 327 347(069 350 344  3.48(0.83) 3.54 (0.96) 351 1.12g; .35
(0.82) (0.82 (0.56) (0.81) (0.84)
Apro? 3.64 (76) 3.87 333 343(0.96) 355 332 355(0.91) 3.52 (0.86) 3.55 2.265; .05
(0.74)  (0.69) (0.84)  (1.06) (0.86)
Acon” 236(0.83) 221 256 222(0.77) 213 231  2.43(0.90) 2.39(0.94) 2.35 1.165; .33
(0.84) (0.80) (0.79)  (0.76) (0.86)
8Analysis of variance based on the six groups of subtailoring.
PNIFA: need for autonomy.
CHigh NFA vs Low NFA frame-tailoring and content-tailoring.
dHigh NFA frame-tailoring and content-tailoring vs no frame-tailoring and content-tailoring.
®_ow NFA and content-tailoring vs no frame-tailoring and no-content tailoring.
fSE: self-efficacy.
9Apro: attitudes about pros of smoking cessation.
P con: attitudes about cons of smoki ng cessation.
Subsequently, perceived relevance had a positive effect onthe In summary, the effect of message frame-tailoring,

self-determined motivation to quit smoking (beta=.32, P<.001).
Furthermore, although self-determined motivation did not have
adirect effect on smoking abstinence, there was a positive effect
of self-determined motivation on the perceived pros of smoking
cessation (ie, positive attitudes) (beta=.37, P<.001) and a
positive effect on self-efficacy perceptions (beta=.15, P<.001).
Moreover, we confirmed a positive effect from self-efficacy
perceptions on smoking abstinence (beta=.72, P<.001).

https://www.jmir.org/2020/4/e17251

content-tailoring, as well as their combined effect on smoking
abstinence was mediated by perceived relevance,
self-determined motivation to quit, and self-efficacy on smoking
abstinence. As such, we could confirm the second hypothesis.
An overview of the hypothesized direct and indirect effects
from our final model is provided in Table 4, and the correlation
matrix of standardized effects is provided in Multimedia
Appendix 4.
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Table 4. Standardized indirect and direct effects of the trimmed model®

Altendorf et d

Independent variable Perceived relevance  Self-determined motivation  Attitudes Self-efficacy  Smoking abstinence
Content-tailoring

Indirect effect _b -0.062 0.089 -0.001 0.230

Direct effect -0.474 - - - 0.271
Frame-tailoring

Indirect effect - -0.088 0.064 -0.026 -0.043

Direct effect -0.297 - - - 0.023
Perceived relevance

Indirect effect - - 0.151 0.062 0.021

Direct effect - 0.295 - - -
Self-deter mined motivation

Indirect effect - - - - 0.052

Direct effect - - 0.513 0.209 0.072
Attitudes

Indirect effect - - - - -

Direct effect - - - - -0.173
Self-efficacy

Indirect effect - - - - -

Direct effect - - - - 0.583

Smoking abstinence

#The model controlled for age, and only the paths to self-determined motivation, social norms, and smoking abstinence were significant.

BNot applicable.

Discussion

Effect of Tailoring on Smoking Abstinence and
Per ceived Relevance

The aim of this study was to test the effectiveness of message
frame-tailoring based on smokers NFA in isolation and in
combination with content-tailoring in the context of an online
CCT smoking cessation intervention. Our results confirm
findingsfrom earlier research on content-tailoring [2,24], aswe
could identify a positive effect of content-tailoring on 7-day
point prevalence abstinence rates 1 month after the start of the
intervention. However, in contrast to our expectations, message
that were frame-tailored based on the NFA did not lead to higher
smoking abstinence rates in isolation and in combination with
content-tailoring as compared to the no frame-tailoring
condition.

Mediating Roles of Perceived Relevance,
Sdf-Determined Mativation, and Sociocognitive Beliefs

Overdl, our findings were in line with our hypothesis that
perceived relevance, self-determined motivation to quit, and
sociocognitive beliefs mediate the effects of content-tailoring,
message frame-tailoring, and their combination on smoking
abstinence. That is, we demonstrated a positive effect of
perceived message rel evance on the self-determined motivation
to quit smoking. Therefore, we could confirm earlier findings
concerning elaboration likelihood model research [35]

https://www.jmir.org/2020/4/e17251

demonstrating that people who perceive their messages as
relevant are also more motivated to devote more cognitive effort
on processing the messages. Moreover, self-determined
motivation positively predicted positive attitudes and
self-efficacy beliefs of smoking cessation. Finally, we found a
positive effect of self-efficacy on smoking abstinence, which
was also observed in a meta-analysis on the integration of
self-determination theory and the theory of planned behavior
[19].

However, in contrast to our expectations, attitudes toward
smoking cessation did not significantly predict smoking
abstinence, which is not supported by earlier research [19].
According to the theory of planned behavior [36], positive
attitudes lead to an enhanced intention for behavior change,
which in turn predicts behavior change. However, previous
smoking cessation research showed that self-efficacy perceptions
were the main predictors of smoking cessation among smokers
intending to quit [37]. A potential explanation for the lack of a
significant effect of attitude on smoking abstinence could be
that we only used one subscale of attitudes (ie, the pros of
smoking cessation). The subscal e related to the cons of smoking
cessation had to be discarded during SEM analysis owing to
the noiseit caused in the data, which prevented reaching model
fit. This may have led to the attitude variable, as included in
our model, not being fully representative of the theoretical
construct in itsentirety. In addition, we did not assessintention
to quit smoking in our study, and therefore cannot state whether
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attitudes might have indirectly—instead of directly—predicted
smoking abstinence, which could have been assumed based on
theory and evidence [37,38].

Moreover, we had to discard the social influence scale [39,40]
as it had poor reliability (see Multimedia Appendix 2). Thus,
we could not test for a possible mediation effect of socia
influence, which might be an important factor in explaining
variance in smoking abstinence rates [41]. Based on comments
made by smokers and experts in the pilot testing phase of our
intervention, we recommend that efforts be made in future
research to improve the comprehensibility, and subsequently
the reliability, of the social influence scale by adapting the
response categories of the subscales (eg, specification of terms
such as “majority of your children” that seemed to be difficult
to answer when having two children) and to include the resulting
reliable scalein further analyses similar to those presented here.

Exploring M essage Frame-Tailoring on the Need for
Autonomy

We found that content-tailoring, message frame-tailoring, and
their combination had a significant effect on participants
perceived message relevance. However, these effects were
against expectation as both message frame-tailoring and
content-tailoring led to significantly lower perceived message
relevance compared to the control condition (ie, generic smoking
cessation messages). This finding also conflicts with earlier
tailoring-based research [4,8,11], which demonstrated that
content-tailored messages led to better message processing,
better message recall, and more positive behavioral outcomes
via more perceived message relevance. To gain better
understanding of this finding, we checked the time the
participants took to finish the intervention. Although the control
condition messageswere similar in length and contained generic
smoking cessation information, we wanted to explore whether
smokers in the control condition had processed the messages
longer and perhaps more thoroughly, resulting in their
perceptions of relevance being higher than in the other
conditions. However, as participants between conditions did
not differ significantly in the time they used to finish the
intervention (data not shown), this possibility is unlikely.

An dternative potential explanation comes from exploratory
data analyses conducted with the participants showing a high
and low NFA separated within the message frame-tailored
conditions. These analyses showed that participantswith ahigh
NFA who received message frame-tailoring (ie, messagesin an
autonomy-supportive frame) as an addition to content-tailoring
did perceive their messages as significantly more relevant
compared to participantswith alow NFA who received message
frame-tailoring and to participants that received messages that
were content-tailored only. This finding supports the results of
Resnicow et a [11] who showed that participants with a
preference for an autonomous form of communication perceived
autonomy-supportive messages as more relevant compared to
those with apreferencefor controlling forms of communication.
In addition, although not significant, when comparing the means
among al other mediators, participants with a high NFA
generally had ahigher level of self-determined motivation, more
positive attitudes about smoking cessation, and higher
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self-efficacy perceptions compared to those with alower NFA,
regardless of whether or not they had received content-tailored

messages.

This pattern raises the question as to whether smokers with a
lower NFA might prefer different message frames than those
provided in our study (ie, message frames using controlling
language and without the provision of choice). It could be that
the controlling language that was used might have been too
controlling, resulting in message resistance and an insufficient
ability to motivate participants with alow NFA to refrain from
smoking [42]. Negative message eval uations such as resistance
have been shown to lead to less deep message processing [8],
resulting in lower message effectiveness. Thus, participants
with alow NFA might need differently tailored message frames
(eg, clearcut expert advice about smoking cessation using less
controlling language such as without imperatives or terms like
“must” and “should”). Furthermore, future research would
benefit from validating the HCOS scale, which was used to
assess the NFA in this study, and further investigate whether
the dichotomization of peopleinto high and low NFA based on
the 4 items that assess autonomous orientation proofsisavalid
categorization approach. Perhaps there is another group (eg,
with a moderate NFA) of people or it is better to take into
account the HCOS items that assess people’s controlled or
impersonal orientations [14]. Such research efforts would help
to optimize message frame-tailoring based on the NFA and
enable further research into its effectiveness.

Another possibility isthat participants with alower NFA might
be less susceptible to autonomy-supportive messages framed
in acontrolling message style than those with ahigh NFA owing
to, for instance, different message processing needs that
potentially correlate with the NFA such as the need for
cognition. For example, message frames for low NFA
participants might not have sufficiently met their relatively
lower autonomy needs or their preferences for (low levels of)
information processing. In asimilar vein, it could be expected
that those with ahigher NFA might have better health outcomes
than their low NFA counterparts, as individuals with a high
NFA might also report higher needs for cognition and thus be
more motivated to process health messages and eventually
change their health behavior than low NFA individuals[8]. In
support of this reasoning, in an exploratory data analysis (data
not shown), we found that participants with a high NFA also
had higher, but nonsignificant, rates of smoking abstinence than
those with alow NFA. Accordingly, it seems to be necessary
to study whether the NFA indeed correlates with the need for
cognition and how their potential interaction might influence
message effectiveness. Moreover, we recommend futureresearch
to (quditatively) investigate how messages should be formulated
among those with alower NFA (and potentially alow need for
cognition) to meet their communication preferences and message
processing needs so that these messages can lead to optimal
health outcomes.

Study Strengths and Limitations

Findings from this study contribute to agrowing understanding
of the effects of message frame-tailoring; however,
approximately 50% of the participants could not be followed
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up 1 month after the baseline measurement. Although this is
common for RCTs, and in particular for internet-based
longitudinal studies [43,44], the high rates of attrition (while
also differing between conditions) may have reduced theinternal
validity of the results presented, consequently introducing
potential biasto the estimates of effectiveness. This could result
in an overestimation of the effectiveness for several reasons.
First, participants who werelost to follow-up were significantly
younger than those that completed the intervention. However,
this age difference was only 3 years (ie, drop-out age 40 years
vscompleter age 43 years) and also within arather homogenous
age group. Therefore, realistically, we do not assume major
differences among completers and those lost to follow-up.
Second, asignificantly lower rate of study dropout was observed
in the message frame-tailoring and content-tailoring condition,
which was expected to impact smoking cessation and underlying
mechanisms (eg, attitude change and self-efficacy perceptions)
most positively (as compared to other conditions) (see Sample
Characteristics and Attrition in the Results section). However,
overal, the message frame-tailoring and content-tailoring
condition had no significant effect on smoking cessation and
underlying mechanisms. Thus, we assume the risk of bias due
to study attrition to be small.

To prevent high attrition rates in the first place, we used
strategies such as sending several email reminders to
participants, and only including participants who were
sufficiently motivated to participate, aswell as offering shopping
vouchers after completion of the intervention and follow-up
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guestionnaires. Moreover, we used a forced data entry option,
so that we only had missing values on outcome variables when
the entire case was missing and there were no missing values,
such asfor any of the mediating variableswhile dataon smoking
abstinence was present or vice versa. Although we acknowledge
that the complete case analysis we conducted might have led
to abias in the results presented, imputing the missing values
for the nearly 50% of casesthat dropped out of the study would
have introduced a high degree of uncertainty that would further
reducethereliability of the presented results. However, amajor
strength of this study was that we were able to recruit alarge
sample of eligible smokers, resulting in a sample size that was
still sufficient for analysis according to our a priori power
analysis.

Conclusion

This study extends the tailoring literature by providing first
evidence for the effects of message frame-tailoring based on
the NFA inisolation and in combination with content-tailoring.
Based on our findings, we can conclude that message
frame-tailoring based on the NFA seems to be an effective
addition to conventional content-tailoring techniquesin online
health interventions for people with a high NFA, but is not
effective in its current form for people with a low NFA. To
enhance the effectiveness of message frame-tailoring, future
research efforts might therefore want to focus on (qualitatively)
investigating which type of message frame might be most
beneficial for smokerswith alow NFA.
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Abstract

Background: Personal health informatics have the potential to help patients discover personalized health management strategies
that influence outcomes. Fibromyalgia (FM) isacomplex chronic illnessrequiring individualized strategies that may beinformed
by analysis of personal health informatics data. An online health diary program with dynamic feedback was developed to assist
patientswith FM inidentifying symptom management strategiesthat predict their personal outcomes, and found reduced symptom
levels associated with program use.

Objective: Theaim of this study wasto determine longitudinal associations between program use and functional impact of FM
as measured by scores on a standardized assessment instrument, the Fibromyalgia |mpact Questionnaire (FI1Q).

Methods: Participants were self-identified as diagnosed with FM and recruited via online FM advocacy websites. Participants
used an online health diary program (“SMARTLog") to report symptom ratings, behaviors, and management strategies used.
Based on single-subject analysis of the accumulated data over time, individualized recommendations (“ SMARTProfile’) were
then provided by the automated feedback program. Indices of program use comprised of cumulative numbers of SMARTL ogs
completed and SMARTProfiles received. Participants included in this analysis met a priori criteria of sufficient program use to
generate SMARTProfiles (ie, 222 SMARTLogs completed). Users completed the FIQ at baseline and again each subsequent
month of program use as follow-up datafor analysis. Kendall tau-b, a nonparametric statistic that measures both the strength and
direction of an ordinal association between two repeated measured variables, was computed between all included FIQ scores and
both indices of program use for each subject at the time of each completed FIQ.

Results: A total of 76 users met the apriori use criteria. The mean baseline FIQ score was 61.6 (SD 14.7). There were 342 FIQ
scores generated for longitudinal analysis via Kendall tau-b. Statistically significant inverse associations were found over time
between FIQ scores and (1) the cumulative number of SMARTL ogs completed (tau-b=—0.135, P<.001); and (2) the cumulative
number of SMARTProfilesreceived (tau-b=—0.133, P<.001). Userswho completed 61 or more SMARTL ogs had mean follow-up
scores of 49.9 (n=25, 33% of the sample), an 18.9% drop in FM impact. Users who generated 11 or more new SMARTProfiles
had mean follow-up scores of 51.8 (n=23, 30% of the sample), a 15.9% drop.

Conclusions: Significant inverse associations were found between FIQ scores and both indices of program use, with FIQ scores
declining as use increased. Based on established criteria for rating FM severity, the top one-third of usersin terms of use had
clinically significant reductionsfrom “severe” to “moderate” FM impact. These findings underscore the val ue of self-management
interventions with low burden, high usability, and high perceived relevance to the user.

Trial Registration: Clinical Trials.gov NCT02515552; https://clinicaltrial s.gov/ct2/show/NCT02515552

(J Med Internet Res 2020;22(4):€15819) doi:10.2196/15819
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Introduction

Health informaticsis a promising field that includes the use of
internet technology to create new models of patient care and
disease management by analyses of large bodies of
health-related data. Health informatics are traditionally
associated with large population databases (eg, the insurance
industry or “big data’); however, patient-level interventions
that employ health informatics also have the potential to
empower individual sto take greater control over their symptoms
and outcomes [1]. Combining personal health informatics with
emerging techniques of predictive analytics represents an
intriguing and potentially powerful approach to personalized
medicine for some of the most confounding health conditions.

Such innovative strategies may be particularly helpful in
complex, multisystemic chronic illnessesthat haveinconsistent
or unreliable treatment responses across patients, such as in
conditionswhere no effective treatments are available or where
complementary therapies, drugs, dosages, or self-care strategies
have widely varying effects across different individuals with
the same diagnosis. Fibromyalgia (FM) is one such condition
in which optimal symptom management calls for highly
individualized integration of pharmacological  and
nonpharmacological approaches|[2].

We have devel oped an electronic health (eHealth) intervention
consisting of a daily heath diary designed to enhance an
individual’s awareness of health-related actions and their
impacts in daily living. In addition to the heightened
self-awareness that may be anticipated from regular use of any
such diary, the program incorporates a predictive analytics
algorithm that processesthe user’s accumul ated datato produce
personalized intervention guidance driven by those data. We
previously reported data on effects of the program (now revised
and called AwareHealth) on symptomratingsin userswith FM.
Use was found associated with significant reductions in pain,
stiffness, fatigue, concentration problems, memory problems,
feeling anxious, feeling depressed, gastrointestinal problems,
and sleep difficulties [3].

This paper reports the effects of program use on the functional
impact of FM as defined by the Fibromyalgia Impact
Questionnaire (FIQ), a standardized instrument used widely in
FM clinical outcome research [4]. The FIQ was developed to
measure the status, progress, and outcomes of patientswith FM

https://www.jmir.org/2020/4/€15819

by measuring the components of health status believed to be
most affected by FM using a 1-week recall period. The FIQ
contains 11 questionsrelated to physical functioning, each rated
on a4-point Likert type scale; two items asking the patient to
mark the number of daysthey felt well and the number of days
they were unable to work (including housework) because of
FM symptoms; and seven horizontal linear scales, marked in
10 increments, on which the patient rates work difficulty, pain,
fatigue, morning tiredness, stiffness, anxiety, and depression.
Scoring provides aglobal measure of FM impact from O (lowest
impact) to 100 (highest impact).

Methods

Subjectsand Recruitment

In an online study sponsored by the US National Institute of
Arthritis, Musculoskeletal and Skin Diseases [5], participants
were recruited via public announcements on several FM
advocacy websites. Enrollment and consent were processed
online with electronic attestation of being 18 years or older and
having been diagnosed with FM by a health professional. No
financial or other incentive was offered. Human participant
oversight was provided by the New England Institutional
Review Board.

Intervention

The intervention program consisted of a brief health diary
(“SMARTLog") completed by the user in about 5 minutes, three
or more times per week over several weeks [6]. For a 24-hour
recall period, users entered symptom ratings. They then used
drop-down menus and radio buttons to report on four domains
of behavioral and lifestyle variables informed by research,
theory, and clinical observation as potentialy influencing
symptoms in FM, and afifth domain for tracking user-defined
inputs such as pharmacol ogica or nonpharmacological therapies,
or other variables of interest to the individual such as foods or
activities. Textbox 1 shows the SMARTLog contents of the
original version, which was used for the data reported in this
paper. Therevised version, which isin current use, provides an
expanded array of 75 user-selectable symptoms and wellness
outcomes, and adds a new domain, “ Technology use”, to report
duration of screen time (eg, TV, movie, computer, mobile
device) and wireless device exposure (see M ultimedia A ppendix
1).
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Textbox 1. SMARTLog Contents (Original Version).

Coallinge et d

Outcomes

Sleep and rest

Meals and snacks
Time and size of meals and snacks

Self-care practices

Daily activities

travel or commuting time, and the day’s overall activity level

Per sonal inputs (optional)

Pain, stiffness, fatigue, concentration problems, memory problems, feeling anxious, feeling depressed, gastrointestinal problems, and sleep difficulties,
all rated on a0-10 scale for “how bothersome” for the 24-hour recall period

Time to bed the previous night, wake-up time, and times and durations of daytime naps

Time and duration of bathing; mind, body, or spirit practices, and exercise including the type, duration, and exertion level

Duration, exertion level, satisfaction level, and stressfulness of the following types of activities: vocational, domestic activity, social activity, recreation,

Users may self-define up to ten additional inputsto track (eg, specific medications, complementary therapies, dosages, foods, nutritional supplements,
or activities not listed earlier), with user-selected metrics for each, such as quantities or durations.

The data from SMARTLog accumulates in the user’s personal
database and are processed daily in the background by a
proprietary automated algorithm using single-subject (N-of-1)
analytic methods to find statistically significant (alpha=.05
level) associations between symptom levels and specific
health-related actions. This algorithm applies optimal
discriminant analysis, anonparametric method for maximizing
classification accuracy in models with two classes and an
ordered attribute (independent variable) [7]. The likelihood of
finding significant associations increases as the volume of data
accumulates. Users are encouraged to experiment by employing
various strategies (eg, different bedtimes, dosages of a drug,
complementary therapies, durations of exercise), as variability
of datahel psthe program discover model sthat predict symptom
reduction. When associations are found, the algorithm uses a
natural language generator to report them to the user as
“SMARTProfile” statements (eg, “My pain will improveif my
bed time is no later than 9:40 pm”, “My fatigue will improve
if my dosage of Lyricais no more than 50 mg”, or “My sleep
will improveif my yogaisat least 20 minutes’). See Multimedia
Appendix 1.

Data Collection

All participation and data collection was online via the project
website. Participants completed an FIQ at baseline, and then
every subsequent 30 days of program use as“follow-ups’ during
an 11-month open-use period. Users were free to use the
SMARTL og program as often and for asmany or asfew months
as they wished during the study period. In addition to the
monthly FIQ, cumulative counts of the number of SMARTLogs
and SMARTProfiles accruing for each subject were used for
analysis.

Data Analysis

To determine longitudinal associations between FIQ follow-up
scores and program use we used Kendall tau-b, anonparametric
statistic that measures both the strength and direction of an
ordinal association between two repeated measured variables

https://www.jmir.org/2020/4/€15819

[8]. We computed this between all FIQ scores and the indices
of programuse for each subject inthe sample (ie, the cumulative
numbers of SMARTLogs and SMARTProfiles produced for
each subject at the time of each completed FIQ).

Since the use data were skewed, with relatively few users
showing high rates of use compared to others, Kendall tau-b was
more appropriate for these data than the more commonly used
Pearson correlationr, asthelatter inflates Typel error ratesand
reduces power when the data are not normally distributed [9].
Kendall tau-b was aso preferred to the Spearman rank
correlation coefficient rg, as tau-b exhibits improved
performance in the presence of contaminated normal
distributions with outliers [10] and has better statistical
properties; as explained by Howell, “Kendall’s T has generally
been given preference of Spearman’s rg because it is a better
estimate of the corresponding population parameter, and its
standard error isknown,” [11]. It was also felt that this statistic
better characterized the individualized analysisin this case.

All associations were 2-tailed and evaluated at the alpha=.05
level of statistical significance. Prior studies found no
demographic  predictors of study participation vs
nonparticipation. Software used was JMP statistical software
(version 14.0).

Results

Sample

Asiscommon in remote online studies, applicantsvaried widely
intheir levels of commitment to participate, with many applying
out of curiosity. This analysis focuses on users who had
sufficient levels of program use over the 11-month open-access
study period to activate the analytic functionality provided by
the SMARTProfile feature of the program. In pilot testing we
determined that at least 22 completed SMARTL ogswere needed
to generate at least 1 SMARTProfile statement [12]. Thus, we
set 22 or more SMARTLogsastheapriori criterion for selecting
the sample for thisanalysis.
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Of 497 study applicants completing at least 1 SMARTLog, a
sample of 76 participants met the use criteria for this analysis
Figure 1. Of these, we classified those who completed 22 to 47
SMARTLogs (n=46) as moderate users, and 248 SMARTL ogs
(n=30) as heavy users. We found no demographic predictors of
use. Moderate users completed a mean of 32.9 (SD 6.6)
SMARTLogs, and heavy users completed a mean of 95.3 (SD
52.5) SMARTLogs. The mean number of follow-up FIQs
provided by moderate users (n=46) was 2.54 (SD 1.46), and for
heavy users (n=30), 4.97 (SD 2.20).

Coallinge et d

Of the 76 participants, 99% (75) were female and 96% (73)
were white, with a mean age of 47 (SD 12) years. About 70%
(53) were college graduates, 32% (24) described themselves as
disabled, 43% (33) were working part or full time, 5% (4) were
seeking employment, and 20% (15) wereretired. Mean reported
duration of being diagnosed with FM was 13.6 (SD 10.8) years.
The most commonly reported concurrent medical conditions
were osteoarthritis (26, 34%), hypertension (22, 29%), chronic
fatigue syndrome (21, 28%), and gastroesophageal problems
(17, 22%). The number of monthly follow-up FIQs available
for analysis per subject ranged from 1-9.

Figure 1. CONSORT (Consolidated Standards of Reporting Trials) flow diagram. FIQ: Fibromyalgia Impact Questionnaire.

‘ Completed online application: N=883 ‘

o |

‘ Completed 21 SMARTLogs: n=497 ‘

l

‘ Completed 222 SMARTLogs: n=76 ‘

Included in Analysis l

76 participants generated 342 FIQ scores
for longitudinal analysis via Kendall tau-b

Changein FIQ scores

The sample had a mean baseline FIQ score of 61.6 (SD 14.7,
n=76) and provided atotal of 342 FIQ scores for longitudinal
analysis via Kendall tau-b. As seen in Table 1, statistically
significant inverse correlations were found over time between

Table 1. Longitudina associations of program use with FIQ scores (n=76).

FIQ scoresand both indices of program use (ie, as SMARTLogs
or SMARTProfiles accumulated, FM impact was reduced).

Users who completed 61 or more SMARTLogs had mean
follow-up scores of 49.9 (25/76, 33% of the sample), an 18.9%
drop in FM impact. Users who generated 11 or more new
SMARTProfiles had mean follow-up scores of 51.8 (23/76,
30% of the sample), a 15.9% drop.

Index of use Tau-b P value
Cumulative number of SMARTL ogs completed -0.135 <.001
Cumulative number of SMARTProfiles received -0.133 <.001

Discussion

Principal Results

Statistically significant longitudinal associations were found
between both indices of use and FIQ scores; specifically, as
cumulative numbers of each index for a user increased, FIQ
scores declined, indicating reduced functional impact of FM.
Intermsof duration of program use, we noted that theseindices
function as proxies of time, as users could accumulate a given
number of SMARTLogs or SMARTProfiles over variable
lengths of time. For exampl e, thefastest auser could accumulate
50 SMARTLogsis 50 days, but the accumulated SMARTL ogs
could aso be spread over 6 months or longer; the statistical
model does not treat time duration per se as avariable.

https://www.jmir.org/2020/4/€15819

Clinical Relevance

As a frame of reference for clinical relevance of these
associations, we refer to apooled analysis by Bennett et al [13]
of 2228 patients with FM participating in three clinical trials.
In that analysis, participants had a mean baseline FIQ score of
62; across the three studies, the estimated minimal clinically
important difference using a95% confidence interval wasfound
to cause a 14% drop in FIQ scores, which the investigators
defined as a “clinically relevant outcome”. In their severity
analysis, an FIQ total score <38 was found to represent “mild”
FM impact, 39-58 a “moderate” FM impact, and 59-100 a
“severe’” FM impact.

Thus, applying the Bennett et al [13] criteria to the present
sample, roughly thetop one-third of usersin termsof frequency
of use experienced mean reductions in FM impact levels,
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moving their scores from the “severe” category to the
“moderate’ category.

Limitations

In any self-directed behavioral health intervention, compliance
and use are important contributors to positive outcomes. For
such interventions to be successful, they must have high
usability and high relevance to the user [14]. In this study, the
ratio of users who met the a priori use criteriavs total number
of project enrollees (76/497, 15.3%) indicates that a relatively
high level of use may be required to achieve the greatest clinical
benefit from the program.

We do not know what individual participant variables predicted
use levelsthat were sufficient to satisfy our apriori criteriaand
be included in this analysis. It is possible that limitations
imposed by the illness itself are an obstacle to use for many
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users. Further exploration is needed to determine how a higher
level of compliance and use could be encouraged in this patient
popul ation.

Conclusions

The functional impacts of FM in daily living are a significant
source of distress. Interventions that aid discovery of
personalized strategies to reduce these impacts can make an
important contribution to quality of life and well-being in this
population, aswell asfor otherswith complex chronicillnesses.
The findings reported here suggest that clinically significant
functional improvement—along with reduced symptoms as
previously reported—is possiblethrough an eHealth intervention
using personal health informatics. Future research will seek to
identify additional predictors of outcomes of the AwareHealth
program and explore its use with other chronic conditions.

Using AwareHealth: Quick Tour (video). This video with narration shows the main screens of the AwareHealth program and

navigates through the various program functions.
[MOV File, 24797 KB - jmir_v22i4€15819 appl.mov ]
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Abstract

Background: Internet-based interventions are a promising strategy for promoting healthy lifestyle behaviors. These have a
tremendous potential for delivering electronic health interventions in scalable and cost-effective ways. There is strong evidence
that the use of these programs can lead to weight loss and can lower patients' average blood pressure (BP) levels. So far, few
studies have investigated the effects of internet-based programs on patients who are obese with hypertension (HTN).

Objective: The aim of this study is to investigate the short- and long-term efficacy, in terms of body composition and BP
parameters, of a self-administered internet-based intervention involving different modules and learning techniques aimed at
promoting lifestyle changes (both physical activity and healthy eating) in patients who are obese with HTN.

Methods: A randomized wait-list controlled trial design was used. We recruited 105 adults with HTN who were overweight or
obese and randomly assigned them to either a 3-month internet-based intervention group (n=55) or the wait-list control group
(n=50). We assessed BMI (primary outcome), body fat mass (BFM), systolic (S)BP and diastolic (D)BP, blood glucose and
insulin levels, physical activity levels, and functional capacity for aerobic exercise at Time O (preintervention) and Time 1
(postintervention). All the patientsin the wait-list control group subsequently received theintervention, and a secondary within-group
analysis, which also included these participants, was conducted at Time 2 (12-month follow-up).

Results: A 2-way mixed analysis of covariance showed a significant decreasein BMI, BFM, and blood glucose at 3 monthsin
the internet-based intervention group; the effect size for the BMI and BFM parameters was moderate to large, and there was also
aborderline significant trend for DBP and insulin. These results were either maintained or improved upon at Time 2 and showed
significant changes for BMI (mean difference —0.4, 95% Cl -0.1 to —0.6; P=.005), BFM (mean difference -2.4, 95% Cl -1.1to
-3.6; P<.001), DBP (mean difference —1.8, 95% CI -0.2 to —3.3; P=.03), and blood glucose (mean difference -2, 95% CI 0 to
-4, P=.04).

Conclusions: Implementation of our self-administered internet-based intervention, which involved different learning techniques
aimed to promote lifestyle changes, resulted in positive short- and long-term health benefitsin patients who are obese with HTN.
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Introduction

Background

Cardiovascular disease is the leading cause of morbidity and
mortality in developed countries and continues to be a major
public health issue that accounts for over 4 million deaths per
year in Europe [1]. Obesity, which has been described as a
global pandemic [2], is one of the most significant medical
threats. It is associated with early death [3,4] and is universally
recoghized as arisk factor for many health complications such
as hypertension (HTN). Because a strong association between
blood pressure (BP) and body weight has previously been
documented [5,6], the increasing prevalence of HTN isthought
to be linked to the dramatic increase of individuals who are
overweight or obese[7]. Asthe prevalence, health consequences,
and costs of obesity and HTN rise, clinicians and researchers
are continuing to investigate a variety of treatment options for
these patients.

Promoting healthy behaviors such as physical activity and
healthy eating through lifestyle counselling isrecommended as
thefirst-linetherapy for the treatment of these patients and may
be an effective tool for treating obesity and preventing
obesity-related health burdens[6,8,9]. However, frequent visits
to outpatient clinics are costly and time-consuming for patients
aswell asfor physiciansand nurse practitioners. These patients
need to develop specific self-management skills so that they
can make long-lasting lifestyle changes and adhere to their
treatments; however, clinics may not be an ideal environment
for them because these surroundings can be perceived as
intrusive and threatening [10,11]. Furthermore, in many cases
physicians and nurses do not have the proper background
training to provide patients with the best possible counselling
about nutrition or physical activity. Therefore, an approach is
needed that can be offered without imposing additional burdens
on our health care workers or budget.

Internet-based interventions (1Bls) are apromising strategy for
promoting healthy lifestyle behaviorsand have not been entirely
explored; these have a tremendous potential for delivering
electronic hedlth (eHealth) interventions in scalable and
cost-effective ways. 1Bl s can provideimmediate, easy to access,
relatively inexpensive, and individually tailored support for
self-management and the promotion of behavioral change to
large segments of the population. Moreover, there is strong
evidence that the use of these programs can lead to weight loss
[12-21] and can lower average patient BP levels [21-26]. So
far, few studies have investigated the effects of internet-based
programs on patients who are obese with HTN [27-29].
Furthermore, to the best of our knowledge, no study has assessed
the efficacy of a self-administered IBI, which entails the
completion of different modules and incorporates severa

http://www.jmir.org/2020/4/€14196/

learning techniques aimed at promoting lifestyle changes in
patients who are obese with HTN.

Aim and Hypotheses

This study aimed to examine the short- and long-term efficacy
in terms of body composition and BP parameters of a
self-administered | Bl involving different modules and learning
techniques, aimed at promoting lifestyle changes (both physical
activity and healthy eating) in patientswho are obesewith HTN.

Compared with the wait-list control (WLC) group receiving
standard medical care, we hypothesized that the IBI group will
have significantly better improvements for body composition,
BP, blood glucose and insulin levels, physical activity levels,
and functional capacity for aerobic exercise from baseline to
postintervention.

Methods

Study Design

This prospective, single-center, wait-list controlled trial (trial
registration: Clinical Trials.gov NCT03396302) with balanced
randomization (1:1) was approved by the Hospital of Sagunto
Human Ethics Committee and followed the ethical guidelines
set out in the Declaration of Helsinki.

Eligibility Criteria

Eligible participants were al adults between 18 and 65 years
of age with HTN and who were overweight (BM1>24.9 kg/m?
and <30 kg/m?) or had type 1 obesity (BM1>29.9 kg/m? and

<35 kg/m?). HTN was defined as systolic (S)BP=140 mmHg
or diastolic (D)BP=90 mmHg, or current use of antihypertensive
medication. All patientsin our study were on antihypertensive
treatment. The exclusion criteria included a diagnosis of
diabetes, previous ischemic heart disease, cerebrovascular
disease, or asevere psychiatric disorder; taking more than three
antihypertensive drugs;, physica impairments precluding
participation in physical activity; receiving any treatment for
weight loss elsewhere; or having no internet access.

Procedure

This study took place at the HTN and Vascular-Risk Unit at the
hospital of Sagunto (Spain), from January 2018 to March 2019.
The study included 105 participants. Beforethe start of thetrial,
Researcher 1, who was not involved in the recruitment or
inclusion of the participants, generated a random sequence
(based on simpl e randomi zation) using acomputerized random
number generator; this was concealed from al other study
investigators throughout the entire study period. Upon
enrollment in the study and after completing the primary and
secondary outcome measures (baseline), the participants were
randomly assigned either to the 3-month IBI group (n=55) or
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the WLC group (n=50). As shown in the participant flowchart
inFigure 1, all the outcome measures were assessed at baseline
(Time 0), 3 months postbaseline (Time 1), and a a 12-month

Figure 1. Progression of the participants through the trial.

Lisdnetd

follow-up (Time 2) for the IBI group. The WLC group took
part in an initial baseline assessment (Time 0) followed by a
second assessment 3 months postbaseline (Time 1).

Assessed tor eligibllity
(n=510)

Enrollment

Excluded [(n=405)
- Dachrnd 1o partispale (n-03)
- Disbates (n=106)
- Servpre peYChiainc gisordar [ne5)
Taking more than 2 antihyperdensive drugs (n=T8)
- Mo inbevnel access (n=87)
- Other (=301

[ TIME 0. Baseline Assessments ]

Randomized (n=105)

l Allocation ! l

!

Allccated 1o the intemet-based intervention
qgroug (n=55)
« Recetved the allbcated intemvention (n=55)

Aliocated to the wai-list control group (n=50)
+ Received the allocated intervention (n=50)

l [TIIE 1. Follow-Up (3 months] l l

Lost to folow-up (3 months: n=10)

Failed ta complabe 1he intervention (n=10)
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l Amnalysis (3 months) ]
;
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I'I‘1IE 2. Follow-Up (12 manths]l[ ¥

Internet-based Intervention ]

Lest to follow-up {12 maonths: n=15)
Failed to complete the intervention (n=10)
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Failed 1o complete the intervention (n=10)
Unable 1o comact (n=8)

I Analysis (12 months) ]
|

Analyzed (n=55)
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After the Time 1 assessment, WLC participants received the
intervention, which was offered to comply with theinstructions
of the hospital’s human ethics committee, and the patientswere
subsequently assessed at a 12-month follow-up (Time 2) (Figure
2). Thus, al the participants underwent a preintervention,

Analyzed (=50}
+ Excluded from ihe analysis (n=0}

postintervention (3 months), and a 12-month follow-up
assessment, and the WLC participants were assessed twice
before the intervention. All the outcome measurements were
recorded in both groups by two trained researchers who were
blinded to the group allocation.

Figure2. Measurements at trial profile. IBI: internet-based intervention group; WLC: wait-list control group.

Intervention Follow-up
IBI VoS > ‘
Usual med. care Intervention Follow-up
WLC —m Imoras 4
v v v
BASELINE POSTINTERVENTION 12-month FOLLOW-UP

Intervention

The intervention program we used is caled “Vivir megor”
(translated from Spanish as “Live better”) [27,30]. For this
intervention, in addition to usual medical care, participants
received a 3-month multimedia, interactive, and
self-administered online intervention program comprised of
nine modules (Multimedia Appendix 1). These modules
specifically focus on obesity and HTN, and are presented viaa
webpage that aims to progressively establish healthy eating
habits and increase the patient’s physical activity levels, as
recommended by the World Health Organization’s guidelines

http://www.jmir.org/2020/4/€14196/

RenderX

[31,32]. Thefirst 5 modules were activated at arate of one per
week, and modules 6 to 9 were activated every 2 weeks; thus,
theintervention lasted for 3 months. The program was delivered
in the participants' native language (Spanish) and included
psychoeducation about what a healthy lifestyle involves and
taught techniquesfor how this can be achieved on a day-to-day
basis. Some of the techniques used were self-monitoring,
self-instruction, behavioral recording, stimulus control,
self-reinforcement, problem-solving techniques, and homework.
In addition, the webpage offered useful tools such as
downl oadabl e documents and videos. This program isdescribed
in more detail in Bafios et al [30].
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During the first 3 months of the study and prior to starting the
intervention, the WLC group received standard medical care
that focused on reducing their cardiovascular risk factors [33].
Standard medical care included antihypertensive prescription,
written lifestyle advice, moderate salt restriction with alist of
recommended foods, alow-calorie diet, and advicefor physical
activity, which aimed for 5 sessions per week and a
recommended maximum heart rate during exercise adjusted to
age. The usual care program did not provide any classesfor the
subjects. Standard medical care was carried out exclusively by
the public National Health System, which the Hypertension
Unit belongs to.

ThisIBI was delivered using aweb-based platform called Wix.
Wix is a self-hosted website builder and content management
system with more than 90 million users[34]. This cloud-based
website development platform is customizable with
drag-and-drop features and includes apps, graphics, image
galleries, fonts, and aresponsive design that adjusts the site for
viewing with mobile devices. We purchased a unique website
domain URL to avoid pop-up advertising from Wix. To prevent
the genera public from accessing the site, a password was added
to secure the proprietary information and participant responses
[35].

Outcome M easures

BMI and secondary outcomes (body fat mass [BFM], SBP and
DBP, plasmaglucose, insulin, habitual level of physical activity,
and functional capacity for aerobic exercise) were measured
using validated and reliable tests. BMI (kg/m?) was calcul ated
using an el ectronic balance scale (SECA 780 with amechanical
telescopic stadiometer).

BFM was determined using a body-fat analyzer (Tanita
SC-331S). SBP and DBP were measured with a validated,
semi-automatic, digital tensiometer (Colin Press-Mate BP-8300)
according to the European Society of Hypertension and
European Society of Cardiology guidelines, as described
elsewhere [36,37]. All the assessments (baseline, 3 month
postintervention, and 12-month follow-up) were scheduled
between 8 am and noon to minimize diurnal BP variability.
Blood samples were obtained in the morning after a minimum
8 hours of fasting. Serum hiochemical profiles were measured
using a multiple-channel autoanalyzer. Plasma glucose was
assayed using the glucose oxidase method (Beckman Glucose
Analyzer).

At TimeO, the patients’ habitual levelsof physical activity were
objectively monitored for 7 consecutive days using an
accelerometer (Actigraph GT3X) [36]. The participants were
carefully instructed on how to attach the activity monitor (using
an elastic belt), which was to be worn each day for the whole
measurement period, and were asked to wear the monitor during
the daytime; exceptions were made during the performance of
water activities such as swimming or bathing. Thetotal amount
of physical activity recorded by the accel erometer was expressed
as the average of the total counts per minute of the registered
time.

A submaximal exercise test, the 6-minute walk test (6MWT),
was used to assess the participants’ functional capacity for

http://www.jmir.org/2020/4/€14196/

Lisdnetd

aerobic exercise. Thistest eval uates the maximum distance that
they could cover along a 30-m long corridor during a 6-minute
period. Participants wereinstructed to walk along the walkway
asfast as possible and to stop when needed. The assessor walked
alongside the participants to ensure their safety and provided
them with standardized verbal encouragement at 1, 3, and 5
minutes, and the total distance covered (in meters) was recorded.
Participants were instructed to avoid smoking for 48 hours,
caffeinefor 12 hours, and strenuous exercise for 24 hours prior
to their assessment.

We directly recorded participants' participation and activity in
the program (to assess their engagement) and determined
adherenceto theintervention by tracking the number of program
activities they completed. We also registered the percentage of
participantswho completed al the activitiesin the program (ie,
completed all nine modules).

Data Analysis

To detect areduction in BMI of 1 (SD 1.7), which agrees with
the data of a previous study [27], with a two-sided 5%
significance level and a power of 80%, and also accounting for
an anticipated dropout rate of 10%, a sample size of 52
participants per group was required.

This study used both a between-subjects controlled (analysis at
3 months) and a within-subjects uncontrolled (analysis at 12
months) design; therefore, it involved two different statistical
approaches. The between-group comparison (1Bl vs WLC)
assessed the effect of the IBI on outcomes at 3 months; the
within-subject uncontrolled analyses assessed the effect of the
IBI over time at the individual level (using pooled data from
both groups). This approach was selected because all the WLC
participants also subsequently received the IBI to comply with
the instructions of the hospital’s human ethics committee. The
statistical analysiswas performed according tointention-to-treat.
Statistical analyses were performed using SPSS version 19.0
for Windows, and the statistical significance was set at P<.05
for al our analyses. Thedatain this study are presented asmean
(SD).

Analysis at 3 Months

Two-way mixed analysis of covariance (ANCOVA) tests were
used to compare the study effectsonthe BMI, BFM, SBP, DBP,
blood glucose and insulin levels, physical activity levels, and
functional capacity for aerobic exercise, using time (baseline
vs 3 months postintervention) as the within-group factor and
group (1Bl vs WL C) asthe between-group factor. The analysis
was adjusted for sex, age, and use of antihypertensive drugs.

Effect sizes were estimated using partial eta® and interpreted
following the Cohen guidelines [38] for small effect sizes
(partial eta?=0.01), moderate effect sizes (partial eta®=0.06),
and large effect sizes (partial eta?=0.14).

Analysis at 12 Months

After testing the normality (using the Shapiro-Wilk test) of the
pooled data from both groups (N=105) at the 12-month
follow-up, the following statistical tests were carried out as
follows: (1) t tests on related samples to compare the baseline
vs 12-month follow-up values for the anthropometric variables
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(ie, BMI and BFM), SBP, DBP, and blood glucose; and (2)
Wilcoxon tests to compare the preintervention vs 12-month
follow-up values for insulin.

We did not record the patients' levels of physical activity or
their functional capacities for aerobic exercise at 12 months
because of the implied complexity of asking participants to
record these measurements for 1 year.

Program engagement was analyzed by cal culating the percentage
of participants who completed the entire program.

Table 1. Baseline characteristics of the participants.

Lisdnetd

Results

We screened 510 participants in this randomized controlled
trial. A total of 405 consecutive subjects were not allocated for
randomization, because they declined to participate (n=99) or
did not meet the inclusion criteria (n=306): diabetes (106),
severe psychiatric disorder (5), taking more than 3
antihypertensive drugs (78), no internet access (87), or other
(30). The general characteristics of the study population are
shown in Table 1.

Variables WL C? group (n=50), mean (SD) 1BIP group (n=55), mean (SD)
Age (years) 51.4 (9.3) 54.9 (8.3)
Weight (kg) 81.1(11.8) 85.4 (12)
Antihypertensive drugs (n) 1.6(1.1) 21(12
BMI (kg/m?) 29.9 (2.6) 30.1(2.7)
Body fat mass (kg) 27.0 (6.9) 28.2 (6.3)
Systolic blood pressure (mmHg) 1285 (13.5) 132.2(14.2)
Diastolic blood pressure (mmHg) 75.8 (9.1) 78.7 (8.1)
Blood glucose (mg/dL) 98 (10) 99 (15)
Insulin (mg/dL) 13.9(8.7) 15.0(9.7)
Physical activity counts mi nt 227 (87) 245 (103)
6-minute walk test (meters) 554 (69) 559 (72)

ANLC: wait-list control.
bIBI: internet-based intervention.

Analysisat 3 Months

The results of the 2-way mixed ANCOVA showed asignificant
decrease in BMI, BFM, and blood glucose after 3 months in
the IBI group, with amoderate to large effect size for BMI and
BFM; theanalysisalso highlighted aborderline significant trend
(P=.05) for DBPand insulin (Table 2). In contrast, we observed
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asignificant increasein BMI and insulin among the WL C group.
Additionally, intragroup analysis revealed a statistically
significant increase in the functional capacity for aerobic
exercise both in the IBI and the WLC groups (Table 2);
however, no between-group differenceswerefound. No changes
were observed in either group for the level of physical activity
measured with accelerometers.
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Table 2. Intragroup comparisons: baseline vs postintervention (at 3 months)a.
Variables Wait-list control group (n=50) Internet-based intervention group (n="55)
Difference (95% Cl) Patid eta®>  Pvalue  Difference (95% Cl) Patid eta®> P value
BMI (kg/m?) 0.3(0.1-0.5) 062 01 -04(-0.7t0-0.2) 132 <.001
Body fat mass (kg) 0.3(-04to01.1) .018 .34 -1.1(-1.9t0-0.3) 125 .009
sBP (mmHg) 0.0(-3.7t037) .000 996 —2.6(-6.1t00.9) 021 15
DBF® (mmHg) 0.6 (-1.81t0 3.0) .002 63 —2.2(-451t00.0) .037 .05
Blood glucose (mg/dL) 20(-1.2t05.3) .015 22 -3.5(-6.6t0-0.4) .048 .03
Insulin (mg/dL) 2.3(0.4-4.3) 058 02 -1.7(-3.7100.2) 032 .07
Physical activity counts min?  —8(-161032) .005 52 -6 (-30t0 18) .002 64
6MWTY (meters) 21(8-33) 108 .001 32 (19-46) 213 <.001

Difference was cal cul ated as 3 months minus basdline.
bsgp: systolic blood pressure.

’DBP: diastolic blood pressure.

d6MWT: 6-minute walk test.

Analysisat 12 Months

The results at the 12-month follow-up (Table 3) showed
significant improvementsin BMI (mean difference[MD] -0.4,
95% Cl -0.1 to —0.6; P=.005), BFM (MD -2.4, 95% Cl -1.1
to-3.6; P<.001), DBP (MD -1.8, 95% CI -0.2t0 -3.3. P=.03),

and blood glucose levels (MD -2, 95% CI 0to -4; P=.04) The
results of the Wilcoxon tests did not show any changesininsulin
values. Regarding engagement in the program, 73.3% (77 out
of 105 participants) completed the entire program, comprising
of nine modules.

Table 3. Comparison of the baseline vs 12-month follow-up values for all participants (N=105).

Variables Baseline 12-month follow-up Difference® (95% ClI) P vaue
BMI (kg/m?), mean (SD) 30.2 (2.7) 29.8(2.7) -0.4(-0.1t0-0.6) 005
Body fat mass (kg), mean (SD) 27.6 (6.4) 25.2(7.9) —2.4(-1.1t0-3.6) <.001
S8 (mmHg), mean (SD) 1305 (13.7) 129.3 (14.1) -1.2(0.9t0-3.4) 24
DBP® (mmHg), mean (SD) 774(9.1) 75.6 (9.1) -1.8(-0.2t0-3.3) .03
Blood glucose (mg/dL), mean (SD) 100 (14) 98 (11) —2(0to-4) .04
Insulin (mg/dL), median (IQR) 16 (12) 15(9) -1(1to-2) .64

Djfference calculated as 12 months minus baseline.
bsBP: systolic blood pressure.
°DBP: diastolic blood pressure.

Discussion

Principal Results

The present study evaluated the efficacy of a 3-month
completely self-administered IBI called Live better that aims
to promote lifestyle changes in patients who are obese with
HTN. Our results showed a significant decrease in the BMI,
BFM, and blood glucose levels at 3 months in the IBI group,
with amoderateto large effect sizefor BMI and BFM, and also
highlighted a trend toward significance for DBP and insulin
levels. Moreover, these improvements in BMI, BFM, and BP
were sustained and reached statistical significance for DBP at
the 12-month follow-up. When eval uating specific IBIs, severa
attributes may be associated with increased e-counselling
efficacy. These include the duration [22,39], the range of
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behavior change techniques offered [22,40], thetarget behaviors
to be modified [22], whether specific disease entities aretargeted
or not [39], and program engagement [35,41].

Duration

For any intervention to have a significant and sustained effect,
aminimum follow-up time of 6 monthsisrequired [39]. Indeed,
in arecent meta-analysis, Sam Liu et al [22] showed that IBls
lasting at least 6 months were associated with greater BP
reductions. These authors argued that the influence of lifestyle
interventions on BP may require acritical period for therapeutic
changes to appear, and longer interventions might be required
to facilitate comprehensive physical changes such as weight
reduction. After beginning our study, we found a significant

BMI reduction (0.4 kg/m?) after 3 months that was sustained
after 12 months. Moreover, the mean decreasein BFM (by 1.1
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kg) achieved after 3 months had doubled 12 months later (to
2.4kg). Although this parameter isless frequently used because
of its lower feasibility, BFM may be a better marker of
cardiovascular risk compared to BMI, which has been criticized
because the latter does not always reflect true body fat content
[42,43]. Indeed, BMI has some limitationsin assessing the risk
of obesity-related diseasesin subjectswith low muscleand high
body fat content [44] and in individuals with increased body
fat and anormal BMI.

Consistent with our results, a Cochrane meta-analysis concluded
that interactive computer-based interventions, compared to no
intervention or minimal interventions (eg, pamphlets or usual
care), are an effective tool for enhancing weight loss and weight
maintenance [12]. In addition, providing support oriented
towards self-management while patients change their lifestyle
leadsto improved health outcomes[24,45] and better long-term
effects [46].

Concerning BP values, we found a nonsignificant decrease in
SBP and DBP after 3 months, which was sustained and even
reached statistical significance after 12 months in the case of
DBP (-1.8 mmHg). These results are slightly lower than those
reported in the Internet Lifestyle Counselling meta-analysis
(-3.8 mmHg for SBP and —2.1 mmHg for DBP) by Liu et al
[22] and are d so lower than the BP reductions reported by other
meta-analysesthat considered face-to-facelifestyle counselling
[9,47]. Thelack of astronger significant effect in our study may
be because the BP at baseline was aready well controlled by
antihypertensive medications [48-50] by the specialized HTN
unit. Effectively, starting from normal mean values in treated
hypertensives, even greater weight losses would probably not
have induced further reductions of BP. This phenomenon is
known as the “floor effect” and must be accounted for [51].

Range of Behavior Change Techniques

Two recent meta-analyses that evaluated the BP lowering [22]
and weight loss [40] achieved by e-counselling lifestyle
interventions reported that their efficacy depended on the
number of intervention components they included. The
meta-analysisby Liu et a [22] found that BP was preferentially,
and significantly, reduced by interventions providing a wider
range of behavioral change techniques and suggested that “a
critical number of techniques (at least 5) may be required to
build a flexible repertoire of skills that are necessary to
overcome situational stressors that might otherwise impede
therapeutic lifestyle change’. These authors reported that the
behavioral change techniques present in more than 50% of the
successful 1BIs shared the following features: provisioning
general information about the consequences of the patient’s
behavior (86% of studies), incorporating feedback on
performance (86%), prompting behavioral self-monitoring
(71%), and giving instructions on how to perform targeted
behavioral changes (71%). Likewise, Khaylis et a [52] aso
conducted a systematic review of efficacious technol ogy-based
weight loss interventions and identified several similar
components  (self-monitoring, counsellor feedback and
communication, social support, structured programs, and
individually tailored programs) that were key to their success.
Other effective components identified in the technol ogy-based
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weight loss literature as potential factors that increase
intervention effectiveness are goa setting, motivational
interviewing, and incentives [30,53,54].

All the behavioral change techniques mentioned by Liu et a
[22] and Khaylis et a [52] were present in our intervention,
except for feedback incorporation, motivational interviewing,
and socia support, as these were not possible given the
self-administered nature of our intervention, which maintained
itslow monetary and time costs. Moreover, thistrial wasdistinct
insofar as it also incorporated problem-solving techniques
focused on the regulation of emotional eating (module 5) and
the difficulties associated with body image and assertiveness
(module 7). As Katan [55] suggested, cognitions and feelings
have a big impact on behavior during dieting and, thus, may
strengthen or disrupt treatment engagement and compliance
with clinical prescriptions. Indeed, psychological factors and
processes mediate every behavior change and differently affect
both the initiation and maintenance phases of change [56].

Target Behaviorsto Be Modified

Exercise and diet are two major target behaviorsfor modification
by internet-based e-counselling interventions designed to prevent
or treat cardiovascular disease risk factors such as obesity and
HTN. Numerous studies suggest that automated, self-guided,
internet-based lifestyle counselling (e-counselling) programs
can evoke meaningful improvements in daily physical activity
[57,58] and dietary behaviors[58,59]. Moreover, meta-analysis
reviewsindicate that exercise and diet, provided by conventional
programs or by 1BIs, significantly decrease cardiovascular risk
factors [9,16,47,60,61]. Our Live better intervention focused
on modifying both of thesetarget behaviors, becauseit hasbeen
shown that tackling them simultaneously is more effective at
promoting weight loss than targeting either alone [62].

After 3 months, our results showed improvements in the
patients' functional capacities for aerobic exercise with alarge

effect size in both sexes (partial eta®=0.213) in the IBI group.
Nevertheless, caution must be taken in interpreting these results,
asthisvariable also increased with amoderate effect sizein the

WLC group (partial eta®=0.108). It is worth considering that a
learning effect over a 2-month period has been documented
with repeated administration of the BMWT [63]. In contrast to
subjective physical activity estimations such as questionnaires,
in our study we used an accelerometer to obtain precise and
objective measurements of activity levels in individuals who
are overweight or obese [64]. We did not find significant
intergroup or intragroup differences after 3 months. However,
these results should be interpreted with caution since the
accelerometers do not accurately quantify activities such as
resistance training or swimming (included in the
recommendations of the IBI). The fact that the reduction in
BFM doubled in the time between the end of the intervention
(3 months) and the end of the study (12 months), while
simultaneously maintaining a constant BMI, may indicate that
the patients had increased muscle mass secondary to higher
levelsof physical activity during this period. Thus, future studies
will berequired to measure muscle massto test this hypothesis.
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Targeting Specific Disease Entities

Live better was specifically designed to treat HTN in patients
who are overweight or those with type | obesity, and its
implementation resulted in modest but positive measurable
resultsin body composition and BP. In general, internet-based
programs are more successful if they are targeted at specific
disease entities such as HTN [39]. Although our study listed
diabetes as an exclusion criterion, and our intervention did not
specifically focus on thisdisease, improved glucose metabolism
was also relevant in our study because we detected a significant
and sustained decrease in glucose levels among our patients.
The close relationship between glucose metabolism variables
and healthy living through physical activity and healthy eating
is well known. In line with this, a recent high-quality
randomized lifestyle-intervention trial conducted over 12 and
24 months in individuals with type 2 diabetes mellitus or
impaired fasting glucose levels showed the IBI to be useful in
reducing fasting plasma glucose [21].

Program Engagement

Intermsof program engagement, the percentage of participants
who completed our entire program was high (77/105, 73.3%)
and was similar to the levels reported in related eHealth
interventions [35,65]. Increasing knowledge about healthy
lifestyles and making tail or-made prevention programs possible
can empower individuals and improve their adherence to
interventions [66]. In this sense, the wide and still-growing
access and use of the internet has become a major resource in
the assessment of health information [67]. This is especialy
true for adults with chronic conditions who are more likely to
seek health information on the internet than their counterparts
with acute ailments [68-70]. Using modern information and
communication technologies to deliver physical activity and
diet interventions is particularly promising considering the
increased proliferation of such technologiesin many developing
countries.

The internet is an efficient way to prevent and treat chronic
conditions by promoting healthy lifestyles because it can reach
more individuals (including those with limited access to health
services or with low levels of social support) and can provide
more intensive contact at potentialy lower costs than
conventional face-to-face programs [71-74]; it can provide
immediate, easy access, individually tailored (one-to-one), and
“permanent” (accessible at any time) behavioral-change support
by delivering careto patientsin the comfort of their own homes
with self-paced delivery [35,40,73]; and it islessintrusive than
traditional methods and can more easily be implemented in an
environment that is less threatening than a hospital [10].

However, despite the encouraging results of this study and other
studies on internet-based programs, the goal of web-based
interventions is not to replace in-person care but rather to
maximize care. Of note, internet interventions also have
potential disadvantages such as their inability to recognize
comorbiditiesthat would not have become apparent without the
patient implementing lifestyle changes. Furthermore, internet
use depends on age, income, education level, and digital skills,
and there may be participation bias and lower response rates
because of technical problems or different levels of computer
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experience among participants [5]. In addition, ironically,
internet use is a sedentary behavior, which is known to be an
independent risk factor for cardiovascular disease, so caution
should be exercised when designing these programs so that they
prevent, rather than encourage, further sedentary attitudes and
behaviors.

Limitations

Themain limitation of this study wasitslack of acontrol group
for the analysis carried out at 12 months. Although the positive
results at 3 months remained at the 12-month follow-up visit,
the follow-up analyses were based on uncontrolled data and,
thus, should be interpreted with caution. Controls eliminate
possible aternate explanations of experimental results,
especialy those of confounding variables and experimental
bias, which allowsinvestigatorsto control for threatsto validity.

Furthermore, the participants we enrolled had demonstrated an
initial level of motivation to engage in an eHealth program.
Therefore, our findings may only be generalizableto individuals
with internet accesswho are similarly interested in such eHealth
interventions [67]. In addition, our participants were recruited
from a public hospital (rather than a private one), which may
have influenced our results because sociodemographic status
(which could correlate with the use of public hospitals) has been
related to treatment adherence for chronic conditions [75,76].
Another possible limitation of the study was the inclusion of
BMI asthe primary outcome. Although thewaist circumference
or wast-hip ratio are considered better anthropometric
parametersto reflect therisk of cardiovascular disease associated
with obesity, the BMI clinical tool has been shown to have the
least bias during assessment [73]. Furthermore, BMI
measurementsin our study were complemented with segmental
body-fat distribution analysis measured with bioelectrical
impedance. Even though intervention acceptability isrelated to
its eventual effectiveness [77], we did not assess this data in
our study, and thus, we do not know how well the participants
accepted thisIBI. Finally, we did not measure physical activity
levelsor functional capacity for aerobic exercise at the 12-month
follow-up.

Conclusions

In summary, we explored the effects of implementing a3 month,
self-administered 1BI involving different learning techniques
and aimed at promoting lifestyle changes (physical activity and
healthy eating) in patients who are obese with HTN. Overall,
the participant engagement was high, and we observed moderate
to large effect sizesin relation to BMI and BFM reductions. In
addition, there was a favorable trend towards a relation to BR,
which reached statistical significance at the 12-month follow-up.
Taken together, these findings suggest that our tailored approach
for delivering a lifestyle change intervention to patients who
are obese with HTN provides positive health benefits. Simple
strategies that can easily be incorporated into daily living in a
scalable and cost-effective way can empower patients by
educating them about health, thus, increasing their confidence
and promoting self-management. Future research should
investigate the acceptability and cost-effectiveness of
self-administered internet-based interventions in populations
with different sociodemographic status.
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M D: mean difference

S: systolic

WL C: wait-list control
6MWT: 6-minute walk test.
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Abstract

Background: The evaluation of web-based interventions (defined as an intervention that can be downloaded or accessed on
the internet through a web browser) in randomized controlled trials (RCTS) has increased over the past two decades. Little is
known about how participants’ use of the intervention is measured, reported, and analyzed in these studies.

Objective: This study aimed to review the evaluation of web-based interventionsin RCTs, ng study characteristics and
the methods used to record, and adjust for, intervention usage.

Methods: A systematic review of theliterature was undertaken to identify all published reports of RCTsthat involved aweb-based
intervention. A random sample of 100 published trialswas selected for detailed dataextraction. Information on trial characteristics
was extracted, including whether web usage data were recorded, and if so, the methods used to gather these data and whether
these data were used to inform efficacy analyses.

Results: A PubMed search identified 812 trials of web-based interventions published up to the end of 2017 and demonstrated
agrowing trend over time. Of the 100 studies reviewed, 90 studies collected web usage data, but more than half (49/90, 54%) of
these studies did not state the method used for recording web usage. Only four studies attempted to check on the reliability of
their web usage data collection methods. A total of 39% (35/90) studies reported patterns or levels of web intervention use, of
which 21% (19/90) studies adjusted for intervention usein their outcome analysis, but only two of these used appropriate statistical
methods.

Conclusions:  Trialists frequently report a measure of web-based intervention usage but do not always report the collection
method or provide enough detail on their analysis of web usage. Appropriate statistical methods to account for intervention use
arerarely used and are not well reported even in the very few trials in which they are used. The number of trialists who attempt
to check on the reliability of their web usage collection methods is extremely low.

(J Med I nternet Res 2020;22(4):e15474)  doi:10.2196/15474

KEYWORDS
internet; web-based interventions; randomized controlled trial; web usage data; systematic review

: trial participants into experimental or control treatment arms,
Introduction thereby providing afair comparison for the unbiased assessment
Randomized Controlled Trials of treatment effects [1-4]. Traditiondly, trids have
predominantly been conducted in aclinic setting; however, with
the increase of the internet as a mainstream communication

A randomized controlled trial (RCT) is used to assess the
efficacy or effectiveness of an intervention by randomly dividing
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channel, there has been an increase in the use of email, SMS,
and socia media for the communication and delivery of
interventions [5,6].

Web-Based I nterventions

We defined aweb-based or aweb intervention as* downloadable
or accessible via the internet through a web browser,” which
can take the form of (but not limited to) awebsite, an email, or
a web message board. There are various definitions of
web-based interventions, some of which include socia media
and mobile phone apps; however, for the purposes of our review
(in particular, our interest in assessing web usage data), we were
interested in confining our search to studies that would have
been able to assess usage, which until recently was not easy
with social media or phone apps. As such, we restricted our
definition of web-based interventions accordingly; however,
our chosen definition is very similar to that provided by Barak

[71.

With an estimated 4.4 billion people being active internet users
as of April 2019 [8], an increasing proportion of the global
population are potential users of web-based interventions,
particularly given the convenience and flexibility of such
interventions. As such, these interventions have enormous
potential to improve health and health care delivery and can be
easily accessible to patients [1,9-11].

Monitoring Web Usage

In the same way that drug treatments may be prescribed at a
certain dose, tria participantsreceiving aweb-based intervention
may be advised to use theintervention to a specified degree (eg,
interms of duration or frequency of intervention use). If it is of
interest to determine whether trial participants adhered to the
recommended intervention dose, it is important to be able to
track participants’ intervention use. There are multiple published
reviews relating to web-based intervention usage. For example,
Kelderset a [12] reviewed the literature to investigate whether
study design predicts adherence to a web-based intervention,
whereas Perski et al [13] reviewed the literature on digital
behavior change interventions to identify or develop a
framework linking direct and indirect i nfluences on engagement
and the relationship between engagement and intervention
effectiveness.

There are numerous automated tools that can be used to track
and record a participant’sweb intervention use[14]. Thesetools
can be split into two categories, either client (browser) based
or server based. Client-based tools, such as Google Analytics
(GA) [15], rely on the web browser supporting them (eg,
JavaScript being enabled) [16], whereas server-based tools,
such as web server log data [17], will always be populated, as
they record what data are sent to the client. These tools provide
information about participants’ web intervention use, such as
which web pages a participant has visited and when aweb page
has been accessed. However, the reliability of thesetoolsis not
guaranteed. Some tools that have been adopted by researchers
to measure web usage, such as GA, werenot originally designed
for accurate reporting of web usage but were instead devel oped
as amarketing aid. As such, while being easily accessible and
commonly used, GA may not be the most appropriate tool to

http://www.jmir.org/2020/4/e15474/
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use in scientific research [18]. For example, prior research by
OBrien et al [19] has demonstrated that 58% of activity on a
website is unreported by GA.

Tolink intervention usage to aparticular participant, rather than
just obtaining general information about overall intervention
use by al participants, each participant requires a unique
identifier (UID), such as the study randomization number or a
username [20]. The use of a UID facilitates statistical analyses
by linking intervention use with outcome data on an individual
participant basis. Such data can then be used to inform statistical
analysis to estimate the efficacy of the intervention received,
rather than simply estimate the effectiveness of theintervention
as randomized (as estimated by an intention-to-treat analysis).
Commonly used methods to estimate efficacy, using
participants’ usage of the assigned intervention, include an
as-treated, per-protocol analysis and completer analyses [21].
However, the use of these methods when a trial is subject to
deviations from randomized treatment may introduce bias, and
more appropriate causal methods should be used, such as
complier average causal effect (CACE) analysis[22,23].

Consolidated Standards of Reporting Trials and
Consolidated Standards of Reporting Trials of
Electronicand Mobile Health Applicationsand Online
TeleHealth Guidelines

The Consolidated Standards of Reporting Trials (CONSORT)
[24] guidelines were introduced in 1996 to improve the
consistency and quality of reporting in RCTs. To address the
specific challenges of web-based and mobile app—based
intervention studies, the Consolidated Standards of Reporting
Trialsof Electronic and Mobile Health Applicationsand online
TeleHealth (CONSORT-EHEALTH) extension was published
in 2011 [25]. This extension encourages trialists to report on
participants’ intervention use; subitem 6aii of the
CONSORT-EHEALTH extension statesthat researchers should
“explain how use and engagement was measured and defined”
and subitem 17-I states that “use and usage outcomes should
be reported”. The intended benefit of these guidelines will,
however, only be realized if they are adhered to; as such, it is
important to assesstheir uptakeintrialsthat have been published
since their release.

Aims and Objectives

This systematic review was conducted to ascertain the extent
and nature of web-based intervention usein trialsand the current
practice among trialists in terms of collecting, reporting, and
analyzing web usage data. We were also interested in
determining the characteristics of such trials, including the types
of design, intervention formats, and clinical aress.

Methods

Literature Search

An initial systematic search of PubMed was conducted to
ascertain whether there had already been any comprehensive
systematic reviews of web-based intervention trials published
to date (see Multimedia Appendix 1 for search terms) [12,25]
The electronic database, PubMed [26], was then searched to
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identify all web-based intervention trials published by the end
of 2017 (see Textbox 1 for search terms). The protocol for this

Textbox 1. Search terms for published Web-based intervention trials.

Koneska et al

review has been published in the International Prospective
Register of Systematic Reviews [27].

for date published)

(onlinetiab] OR digital[tiab] OR web-based OR web) AND internetfmajr] AND (“Randomized Controlled Trial” [Publication Type] OR randomized
control trial OR randomised control trial OR controlled trial OR controlled clinical trial OR RCT) (PLUS manual entry of upper limit of 31/12/2017

Eligibility Screening

Following the remova of duplicate records, al remaining
abstracts identified through the PubMed search were screened
by an author (EK) to assess eligibility. Only RCTsinvolving a
web-based intervention and published by the end of 2017 were
eigible. Studies were excluded if they did not involve a
web-based health intervention (eg, educational studies) or were
nonrandomized (eg, feasibility studies that did not involve
randomization, observational studies, quasi-randomized studies,
and surveys), secondary analyses, trial protocols, or systematic
reviews. Where there was any uncertainty regarding eligibility,
authors DA and SD were consulted, and any disagreements
were resolved by consensus. Five percent (77/1540) of the
abstractswere randomly selected and assessed for digibility by
authors DA and SD to validate this process, on which there was
100% agreement.

Data Extraction

A tota of 100 studies were randomly selected from the cohort
of eligible trials identified in this search, with sampling
proportional to the annual distribution of publication years
acrosstheentire set of eligible studies. Theinitial dataextraction
form was piloted on five studies and refined accordingly. The
final dataset included the study characteristics, whether a
CONSORT flow diagram and CONSORT-EHEALTH checklist
were reported, whether treatment protocol deviations (ie,
changesto randomi zed web-based i nterventions) were reported,

http://www.jmir.org/2020/4/e15474/

the methods used to collect web usage data, and which statistical
analysis methods were used to adjust for intervention use.

Results

Review of Systematic Reviews of Web-Based
Intervention Trials

The PubMed search for systematic reviews of web-based
intervention trials identified 271 citations, 123 of which were
found to be €eligible following a review of titles and abstracts.
These systematic reviews covered a wide range of clinical or
methodological areas, most commonly health promotion
(47/123, 38.2%) and mental health (40/123, 32.5%; see
Multimedia Appendix 2). None of these systematic reviews
included a comprehensive search of all published web-based
health intervention trials.

Review of Web-Based Intervention Trials

The electronic database search for trials of web-based
interventions yielded 1726 publications (Figure 1). After
removing nine duplicates, there were 812 eligible and 906
ineligible studies based on the review of abstracts, including
one publication identified manually as the original trial report
relating to another publication identified in the search. Of the
100 eligible studies selected for data extraction, six were
subsequently excluded after reading the full publication. These
ineligible studies were replaced with an additional six eligible
studies for data extraction.
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Figure 1. Search and screening process. RCT: randomized controlled trial.
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[

Included

. . . trials during this period (estimated as 496,238 from a PubMed
Published Web-Based Intervention Trials search filtered to only include trials published up to the end of
The number of published trials involving web-based 2017). The reduction seen after 2015 is likely to be due to
interventions is displayed in Figure 2, demonstrating an publications not being fully indexed or registered within the
increasing trend over time. However, despite thisincrease, the  pubMed database when the search was run (Feb 12, 2018). A
number of trials using web-based interventions remains  PubMed librarian confirmed that new publications may be
proportionally low when compared with the total number of  posted on PubMed significantly later than their publication date.

Figure 2. Number of published and sampled trials of online intervention trials each year.
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A Description of Studiesand Study Characteristics smoking cessation, physical activity, and weight) and mental

The characteristics of the 100 publications randomly selected  health (32/100, 32.0%).
for data extraction are given in Table 1. Most of these studies
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Table 1. Characteristics of sampled trials (N=100).

Koneska et al

Clinica area

Values

Health promotion, n
Smoking cessation
Physical activity
Weight
Alcohol
Eating disorder
Lifestyle behaviors
Physical activity and diet
Diet
Sexual health
Tanning
Adolescent health
General health management

Mental health, n

Cancer, n

Respiratory illnesses, n

Neurology, n

Diabetes, n

Dentistry, n

Otolaryngology, n

Cardiovascular, n

Pain, n

Autonomic arousal, n

Discharge from emergency department, n

Parathyroid disorder, n

HIV, n

Cancer screening, n

Women's health, n

Design, n
Superiority
Equivalence
Noninferiority

Blinding, n
Double
Single
None
Not stated

Web-based intervention, n
Website
Website plus additional element
Internet (other)

Control arm, n

EoA
=N

(IQ))I—‘I—‘I—‘I—‘NI\)N(A)(.\J\ICO
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13
46
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Clinical area Values
Website 14
Internet (other) 14
Waiting list group 32
Noninternet intervention 28
No intervention 9
Not stated 3
CONSORT2flow diagram presented®, n (%) 79(79.0)
CONSORT-EHEALTHC checklist presented?, n (%) 26 (38.2)

8CONSORT: Consolidated Standards of Reporting Trials.

bThe denominator for percentage valuesis equal to 100, as al trials were published after the original CONSORT flow diagram (1996).
CCONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications and online TeleHealth.
%The denominator for percentage valuesis equal to the number of trials published since the formulation of the CONSORT-EHEALTH (2011; N=68).

The vast mgjority of trials had a superiority design and did not
use blinding or did not state whether there was any blinding. A
total of 13 studies reported being single blinded (six reported
blinding of the assessors, six reported blinding of the patients,
and one reported blinding of the clinician), and only one study
reported being double blinded (patients and assessors). In the
86 trialsthat stated that there was no blinding or did not mention
blinding, the web-based and control interventionstook different
formats—most commonly a website intervention vs a waitlist
(n=25) or noninternet (n=18) intervention—which would have
made it difficult to blind participants.

The majority of studiesinvolved awebsite as the intervention;
other interventionsincluded apodcast, emails, web applications,

Table 2. Web-based and control interventions.

a web-based video camera, computer simulation, a
computer-generated photoaging intervention, web message
boards, an internet partner, a YouTube video, aweb-based video,
and an internet video conference. In total, 10 studies reported
awebsite plus an additional element, which took the form of a
mobile app, a web-based video, socia media, an interactive
voice response, a personal activity monitor, a personal digital
assistant, or an online forum. The most common type of a
control arm intervention was waiting list (delayed treatment)
followed by noninternet interventions (a face-to-face
intervention, written materials, and treatment as usual). Table
2 displays the crosstabulation of web-based and control
interventions in the 100 sampled trials.

Control intervention Web-based intervention Total, n
Website, n Website plus additional element, n Internet (other), n

Website 12 2 0 14

Internet (other) 10 0 4 14

Waiting list group 26 2 4 32

Noninternet intervention 20 4 4 28

No intervention 6 2 1 9

Not stated 3 0 0 3

Total 77 10 13 100

Of the 100 studies, 79 included a CONSORT flow diagram,
whereas 38% (26/68 studies published after the
CONSORT-EHEALTH guideline, 2011) of studies included a
CONSORT-EHEALTH checklist (Table 1).

The publication of CONSORT-EHEALTH does not appear to
have positively influenced the rate of reporting web usage (Table
3).

Of 26 tria publicationsthat included a CONSORT-EHEALTH
checklist, four did not report whether web usage data were

http://www.jmir.org/2020/4/e15474/

collected. There were different reasons for not reporting usage
in these four publications: one trial acknowledged collecting
usage data with the intention to publish usage in a separate
publication, one trial did not collect usage because of privacy
protection (with no further explanation), one tria gave no
explanation on why usage was not collected, and it was not
possible to access the CONSORT-EHEALTH checklist in the
fourth trial (because of an expired or invalid checklist
hyperlink).
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Table 3. Rates of reporting web usage data according to the publication year and Consolidated Standards of Reporting Trials of Electronic and Mobile

Health Applications and online TeleHealth checklist reporting.

Publication year Reported web usage data Total
Yes No
<2011, n (%) 30(94) 2(6) 32 (100)

>2011, n (%)

Included Consolidated Standards of Reporting Trials of Electronic and M obile Health Applications and online TeleHealth checklist

Yes 22 (85)
No 38 (91)
Total, n 90

4(15) 26 (100)
4(10) 42 (100)
10 100

Collection and Reporting of Web Usage Data

Commonly used formatsfor the web-based intervention included
sessions (n=17 trials), modules (n=13), content (n=13), and
assignments (n=5). Other formatsincluded cartoons, messages,
videos, photographs, and various tasks or exercises. Examples
of these interventions included a brief personalized normative
feedback system provided by various modes of delivery [28],
identical content delivered as a podcast or via a website [29],
and website information to encourage and support apersonalized
physica activity plan [30]. One trial [31] used a
computer-generated photoaging intervention, with which
participants weredigitally photoaged and received a photograph

of themselves as a lifelong smoker and as a nonsmoker.
Exercises took the form of mindfulness exercises as a part of
module completion [32] and a series of abdominal plank
exercises while exercising with an internet partner [33].

Web usage data were collected in 90 of the studies, but more
than half (49/90, 54%) of these studies did not state the method
used for recording web usage. The most commonly reported
tool used for tracking web usage was a server or electronic log
files (see Table 4). Other methods included software tools,
website tracking data, GA, and self-reported data. Only 4%
(4/90) tria reports mentioned checking the reliability of their
web usage measurement methods, two of which used morethan
two tools to capture and compare web usage data.

Table 4. Web usage data collection methods among 90 trials which collected web usage data.

Method and second method (if applicable)

Frequency, n (%)

Logs
Software tools
Website tracking
Google Analytics
Alone
With Logs
Self-reporting
Alone
With Logs
With tracking data
Others
Not stated

10 (11)
6(7)
4(49
5(6)
3(3)
2(2)
5 (6)
313
1(1)
1(1)
11(12)
49 (54)

8y of 90 trials which reported web-based intervention use.

Among the 87 trials involving a website, 78 (90%) recorded
web usage data, most commonly in terms of the number of
log-ins (37/87, 43%), the number of individual intervention
components completed (21/87, 24%; eg, assignments, exercises,
lessons, and modules), measures of activity on the site (eg,
answers entered, activated hyperlinks, blogs, or forum posts,
18/87, 21%), and time spent on the site (18/87, 21%; see Table
5). A total of 36% (31/87) of thesetrialsrecorded acombination

http://www.jmir.org/2020/4/e15474/

of two or more usage measures, most commonly the number of
log-insand time spent on the site (15 trials). Among the 23 trials
involving a web-based intervention other than a website, 20
(87%) recorded web usage data, most commonly in terms of
the number of log-ins (6/23, 26%), video views (6/23, 26%),
and measures of activity (5/23, 21%). A total of 26% (6/23) of
these trials recorded more than one usage measure (see Table
6).
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Table 5. Features of web usage recorded among trials that involved a website (N=87).

Web usage recorded among trials that involved awebsite

Trias® n (%)

No web usage data collected

Activity on site (eg, answers, activated hyperlinks, and blog or forum posts)

Communication (eg, emails, Skype cals, call logs, and messages sent)

Completed intervention (eg, al assignments, exercises, lessons, or modules)
Number of individual intervention components (eg, modules, sessions) started/accessed

Number of individual intervention components (eg, modules, sessions) completed

Number of log-ins

Number of page hits (individual actions, eg, audio clips, scrolling, and printing)

Number of page views
Time spent on site (including time spent listening to podcast)

Video views (including YouTube views)

9(10)
18 (21)
3(4)
34
3(4)
21 (24)
37 (43)
1(1)
14 (16)
18 (21)
1(1)

@ ote that 24 trials included two measures of web usage, four trials included three measures of web usage, and three trials included four measures of

web usage.

Table 6. Features of web usage recorded among trials that involved a web-based intervention other than a website (N=23).

Web usage recorded among trials that involved a website

Trias?, n (%)

No web usage data collected

Activity on site (eg, answers, activated hyperlinks, and blog or forum posts)

Communication (eg, emails, Skype cals, call logs, and messages sent)

Completed intervention (eg, all assignments, exercises, lessons, or modules)
Number of individual intervention components (eg, modules, sessions) started/accessed

Number of individual intervention components (eg, modules, sessions) completed

Number of log-ins

Number of page hits (individual actions, eg, audio clips, scrolling, and printing)

Number of page views
Time spent on site (including time spent listening to podcast)

Video views (including YouTube views)

9(10)
18 (21)
34
3(4)
34
21 (24)
37 (43)
1(1)
14 (16)
18 (21)
1(1)

3N ote that five trials included two measures of web usage, and one trial included three measures of web usage.

A total of 44% (40/90) of trialsthat collected web usage reported
using UIDs, most commonly log-in credentials or internet
protocol addresses (see Table 7). An additional 12% (11/90) of
publications reported the use of a server or electronic logs to

Table 7. Uniqueidentifiers (N=100).

record web usage, both of which have the potential to include
UIDs. A total of 8% (7/90) of trials implied having UIDs but
did not state what type of UID was used.

Unique identifiers Values, n
Total web usage collected 90

Unique identifier 40

Potential unique identifier (server/electronic logs) 11

Implied unique identifier but not specified 7

No unique identifier 3

Not stated 29

Trialists reported changes to randomized web-based Departures from randomized treatment included failing to

interventions (treatment protocol deviations) in 33 of the studies.

http://www.jmir.org/2020/4/e15474/
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activate the account, access the site, or log in); premature
discontinuation of the intervention (in 18 trials, eg, when
participants withdrew from the trial or experienced difficulties
using the site); switching to an aternative arm, which was
reported in two trials; and switching to non-web-based treatment,
reported in two trials.

I ntervention Dose

A total of 69 trials from our sample specified a recommended
dose of the web-based intervention, 62 (90%) of which measured
web usage. The dose was specified in terms of sessions,
modules, or assignmentsin 49% (34/69) of these studies (mean
2.8, SD 2.3; range 1-14). Of the 23 studies that reported atime
frame for the use of the web-based intervention, the duration
ranged from 1 to 12 weeks (mean 2.2, SD 1.3), with the
exception of one study, which reported a duration of 150 days
(5 months). The average dose frequency was one task per week
in 36% (25/69) of studies that recommended a dose. A total of

Table 8. Analysesinvolving web intervention use (N=100).

Koneska et al

9% (6/69) of studies reported that participants had more than
onetask to complete per week, and 10% (7/69) studies reported
that participantswere due to complete tasks less frequently than
1 per week.

Analyses I nvolving web Usage Data

Only 39% (35/90) of trials that collected web usage data
investigated the levels of intervention use (Table 8). A total of
21% (19/90) of studies used statistical methods to adjust for
intervention usage, such as a completer analysis (11 trias),
regression analyses with intervention use as a covariate (Six
trials), and a CACE analysis (two trials). One of the two trias
that used a CACE analysis did not present results or explain
their method further, whereas the other trial presented CACE
results and explained that the analysis estimates the potential
efficacy among participants who would comply with their
randomized intervention.

Analyses involving web intervention use Values, n
Any analysisinvolving web intervention use 35
Comparison of web intervention use between randomized arms 3
Assessed patterns of web intervention use 4
Correlation between web intervention use and outcome 9
Completer analysis 11
Regression analyses with web intervention use as a covariate 6

Causal analysis (complier average causal effect) 2

Discussion

Characteristics of Web-Based | ntervention Trialsand
Systematic Reviews

Although the use of web-based interventionsin RCTs has been
on therise over thelast 15 years, unsurprisingly, the number is
gtill low in comparison with the overall nhumber of published
trials. A random sample of 100 trials suggests that web-based
interventions are most commonly used for health promotion
(42/100, 42.0%) or mental health issues (32/100, 32.0%), with
the remaining 26.0% (26/100) of trials covering 14 clinica
areas, including cancer (4/100, 4.0%), diabetes (3/100, 3.0%),
and neurology (3/100, 3.0%). Thereview of systematic reviews
of web-based intervention studies demonstrated asimilar pattern,
with 38.2% (47/123) of reviews relating to health promotion
interventions and 32.5% (40/123) relating to mental health. All
systematic reviews identified were restricted to trials within a
certain clinical condition, other than the review by Mathieu et
al [5], which only included trials that were fully or primarily
conducted online (eg, involving web-based recruitment, consent,
randomization, and follow-up), whereas Lustria et a [34]
reviewed trialsthat defined electronic health. As such, this study
of systematic reviews demonstrated that there were no
previously published reviews of all web-based intervention
studies, providing evidence of the novelty and usefulness of
this study.

http://www.jmir.org/2020/4/e15474/

Adherenceto CONSORT and CONSORT-EHEALTH
Guidelines

Good quality reporting alows clinicians and researchers to
replicate trial methods [35-37] and supports the understanding
of trial methods, interventions, and outcomes. This study
suggests that there is a need for greater adherence to reporting
guidelinesin publications of web-based intervention trials. Less
than 80% of the trialsin our sample presented CONSORT flow
diagrams, which is considerably less than the 96% reported to
have presented CONSORT flow diagrams in a sample of 100
trials published in 2008 [21]. This may be because of the fact
that CONSORT is less commonly endorsed by health
informatics journals than clinical journals or isless familiar to
trialists assessing web-based interventionsthan clinical trialists,
generaly.

Furthermore, although the CONSORT-EHEALTH guidelineis
listed on the Enhancing the QUAIity and Transparency Of health
Research (EQUATOR) website [38] and has been adopted by
the Journal of Medical Internet Research, less than 40% of the
studies published since CONSORT-EHEALTH was published
including a CONSORT-EHEALTH checklist; the authors may,
therefore, want to consider some of the strategies suggested by
the EQUATOR network to increase the use of guidelines [39],
such asfurther dissemination viajournal editorialsor conference
presentations, the provision of web-based training, or publicity
viasocia mediaor blog posts. Improving awareness and uptake
of the CONSORT-EHEALTH guidelinesisimportant to ensure

JMed Internet Res 2020 | vol. 22 | iss. 4 [e15474 | p.188
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH

that the methodol ogical quality of web-based intervention trials
is clearly communicated, thereby allowing readers to make
informed judgments on the validity of inferences and
conclusions drawn in such trials.

Reporting and Analysis of Web Usage Data

The CONSORT-EHEALTH guideline recommends reporting
data collection methods and resultsrel ating to intervention use,
but not al studies that included a CONSORT-EHEALTH
checklist reported information on the collection of web usage
data. Indeed, the publication of CONSORT-EHEALTH does
not seem to have influenced the quality of reporting regarding
web usage, as the rate of reporting web usage data was higher
before the publication of CONSORT-EHEALTH.

Unlike drug interventions, the adherence to which can be
summarized using uncomplicated measures of treatment intake
(eg, initiation, completion, and persistence [21]), web-based
interventions often involve multiple features [40,41],
engagement with which may be more complex to record. For
example, it may be of interest to determine typical navigation
patterns through a website, which precise areas of a web page
are read or whether videos are watched in their entirety, none
of which would be trivial to capture. Our review demonstrated
that trialists collect dataon awide variety of web usage features,
most commonly the number of log-ins, the number of
intervention components completed, activity, and time spent
on the site. One-third of the trials that recorded web usage
information collected web usage data on more than one feature,
the most common combination being the number of log-insand
time spent on the site. The likelihood of measuring web usage
data did not vary according to whether or not participants were
recommended to follow a specific dose (eg, when participants
were asked to use the web-based intervention for a specific
period or to complete a certain number of modules): the
proportion of trials that measured web usage was equal to 90%
inthosetrialsthat did (62/69), and in those that did not (28/31),
specify a recommended dose. This suggests that the high rate
of measuring web usage in web-based intervention trialsis not
necessarily because of the trialists interest in assessing
participants' adherence to a recommended intervention dose;
instead, web usage data are commonly recorded regardless of
whether there is arecommended dose, demonstrating that such
data appear to be of interest to trialistsin their own right.

Tridistsrarely provided arationalefor their choice of web usage
metrics or analysis methods to adjust for web usage. Only two
of the 15 trialsthat adjusted their outcomesfor intervention use
applied an appropriate method of causal analysis (CACE) to
estimate efficacy, suggesting a lack of awareness regarding
appropriate methods to account for the impact of participants
intervention use on their outcomes.

Assessing the Reliability of Web Usage Data

Although automated capture of participants’ use of web-based
interventions may be assumed to be more straightforward and
reliable than the usual measures used to capture drug treatment
intake (which typically involve participant self-reporting, such
as pill counts and treatment diaries, and, therefore, are
potentially subject to recall bias or distortion), this is not

http://www.jmir.org/2020/4/e15474/
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necessarily the case. Assessing thereliability of web usage data
collection methods is, therefore, vital, but very few trialistsin
our sample mentioned checking thereliability of their web usage
measurement methods. When trialists do not check thereliability
of their web usage data collection methods, there is a potential
for their web usage data (and any subsequent inferences based
on these data) to be biased, particularly when inherent features
of web usage differ between the randomized interventions. van
Rosmalen-Nooijens et al [42] compared the results from GA,
content management system logs, and data files with
self-reported datafrom participants and concluded that the usage
information from the different sources corresponded well.
Nguyen et al [43] and Mermelstein et a [44] also aimed to
assesstherdliability of their methods, but both studies reported
alack of reliahility of their data because of technical or logistical
issues. Similar to drug trials, participants' self-reported web
usage may also misrepresent the true use of the intervention
[45]. For example, Fleisher et a [46] found discrepancies
between self-reported data and usage data obtained from the
NetTracker software tool. Fleisher [46] reported that nearly
40% of the participantswho reported using the website actually
did not log in, whereas 20% of those who reported they did not
usethewebsitedid, infact, log in. We are currently undertaking
work to determine the reliability of different web usage
collection methods, given the uncertainty regarding the accuracy
of certain methods.

Strengths and Limitations

Thisreview was not designed to identify trials that used mobile
phone apps or social mediainterventions. Thiswas aconscious
decision because our primary aim was to determine the
frequency with which trialists monitored web usage.

A large number of digible studies prohibited data extraction
on al digible trids; as such, it was decided that a random
sample of these trials would be selected (using stratified
sampling according to the year of publication to ensure that the
publication year profile mirrored that of the complete cohort of
gigible studies). Although only 100 of the €ligible trial
publications were, therefore, included in the data extraction
exercise, we believe that this is a sufficient number to give
reliable estimates (eg, ensuring the estimation of proportions
up to a maximum standard error of 0.05) and an accurate
indication of trends in reporting and analysis.

The process of determining the eligibility of web-based
intervention trials was based on the review of abstractsonly, as
such some of the studies deemed as eligible may not have been,
as evidenced by the exclusion of six studies from the sample of
100 studies. In addition, only 1 reviewer carried out data
extraction; however, this reviewer was able to consult the
opinion of asecond reviewer if in any doubt so asto appropriate
classifications.

This review is limited by the search of only one web-based
publication database, PubMed. The number of web-based
interventions in 2016/2017 will be underestimated from this
search because of delaysin registration and indexing of studies
within PubMed. PubMed indexes the majority of, but not all,
health informatics journals; there are currently 286 health
informatics journals, of which 196 are indexed in PubMed.
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Therefore, atotal of 806 trials cannot be taken as the absolute
number of web-based intervention trials published up to the end

Koneska et al

should, therefore, be reported within trial publications with
particular focus on relevant features of participation, which are

of 2017. likely to have an impact on outcomes. Although the majority
of studies reviewed here reported a measure of web-based
intervention usage, trialists often did not report sufficient detail
about how the data were collected and rarely considered the
accuracy of their web usage data coll ection methods. Therewas
a modest degree of interest in investigating patterns of web
usage, but very few trialists used an appropriate method of
analysis to account for the impact of intervention use on

participant health outcomes.

Conclusions

There is an increasing trend in the use of web-based
interventions in RCTs. Tracking web usage data in such trials
isnecessary to establish the efficacy of web-based interventions.
When an intervention isfound to be less effective than desired,
without usage data, it is hard to determine if the problem is
because of the intervention content or the lack of use of the
intervention [46]. Information on participants' intervention use

Authors Contributions

EK developed the protocol, carried out the search and data extraction, and drafted the manuscript. SD conceived theinitial idea,
helped to develop the protocol, acted as a second opinion on data extracted, and commented on drafts of the manuscript. DA
helped to develop the protocol, acted as a second opinion on data extracted, and commented on drafts of the manuscript. PW
helped to devel op the protocol and commented on drafts of the manuscript. All authors read and approved the final manuscript.

Conflicts of Interest
None declared.

Multimedia Appendix 1
Search terms for published systematic reviews of web-based intervention trials.
[DOCX File, 14 KB - jmir_v22i4e15474 appl.docx ]

Multimedia Appendix 2
Clinical or methodological areas covered by systematic reviews identified in search.
[DOCX File, 14 KB - jmir_v22i4€15474 app2.docx ]

References

1.  PaulJ, SeibR, Prescott T. Theinternet and clinical trials: background, online resources, examplesand issues. JMed Internet
Res 2005 Mar 16;7(1):e5 [FREE Full text] [doi: 10.2196/jmir.7.1.e5] [Medline: 15829477]

2. Stanley K. Design of randomized controlled trials. Circulation 2007;115(9):1164-1169. [doi:
10.1161/circulationaha. 105.594945]

3. Kendall M. Designing aresearch project: randomised controlled trials and their principles. Emerg Med J 2003
Mar;20(2):164-168 [FREE Full text] [doi: 10.1136/em;j.20.2.164] [Medline: 12642531]

4.  Kabisch M, Ruckes C, Seibert-Grafe M, Blettner M. Randomized controlled trials: part 17 of a series on evaluation of
scientific publications. Dtsch Arztebl Int 2011 Sep;108(39):663-668 [FREE Full text] [doi: 10.3238/arztebl.2011.0663]
[Medline: 22013494]

5. Mathieu E, McGeechan K, Barratt A, Herbert R. Internet-based randomized controlled trials; a systematic review. JAm
Med Inform Assoc 2013 May 1;20(3):568-576 [FREE Full text] [doi: 10.1136/amiajnl-2012-001175] [Medline: 23065196]

6. Pugatch J, Grenen E, Surla S, Schwarz M, Cole-Lewis H. Information architecture of web-based interventionsto improve
health outcomes: systematic review. JMed Internet Res 2018 Mar 21;20(3):€97 [EREE Full text] [doi: 10.2196/jmir.7867]
[Medline: 29563076]

7. Barak A, Klein B, Proudfoot JG. Defining internet-supported therapeutic interventions. Ann Behav Med 2009 Aug;38(1):4-17.
[doi: 10.1007/s12160-009-9130-7] [Medline: 19787305]

8.  Statista. Global Digital Population as of January 2020 (in Billions) URL: https://www.statista.com/statistics/617136/
digital-popul ation-worldwide/ [accessed 2019-12-27]

9. Wasilewski MB, Stinson JN, Cameron JI. Web-based health interventions for family caregivers of elderly individuals: a
scoping review. Int JMed Inform 2017 Jul;103:109-138. [doi: 10.1016/j.ijmedinf.2017.04.009] [Medline: 28550996]

10. Andersson G, Titov N. Advantages and limitations of internet-based interventions for common mental disorders. World
Psychiatry 2014 Feb;13(1):4-11 [FREE Full text] [doi: 10.1002/wps.20083] [Medline: 24497236]

11. Murray E. Web-based interventions for behavior change and self-management: potential, pitfalls, and progress. Med 2 0
2012;1(2):e3 [FREE Full text] [doi: 10.2196/med20.1741] [Medline: 25075231]

http://www.jmir.org/2020/4/€15474/ JMed Internet Res 2020 | vol. 22 | iss. 4 [e15474 | p.190

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v22i4e15474_app1.docx&filename=db4e3d0fb72d98ed5d19f1005e085806.docx
https://jmir.org/api/download?alt_name=jmir_v22i4e15474_app1.docx&filename=db4e3d0fb72d98ed5d19f1005e085806.docx
https://jmir.org/api/download?alt_name=jmir_v22i4e15474_app2.docx&filename=a410b5fce34bbe2155ae3e89447d9810.docx
https://jmir.org/api/download?alt_name=jmir_v22i4e15474_app2.docx&filename=a410b5fce34bbe2155ae3e89447d9810.docx
https://www.jmir.org/2005/1/e5/
http://dx.doi.org/10.2196/jmir.7.1.e5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829477&dopt=Abstract
http://dx.doi.org/10.1161/circulationaha.105.594945
http://emj.bmj.com/cgi/pmidlookup?view=long&pmid=12642531
http://dx.doi.org/10.1136/emj.20.2.164
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=12642531&dopt=Abstract
https://doi.org/10.3238/arztebl.2011.0663
http://dx.doi.org/10.3238/arztebl.2011.0663
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22013494&dopt=Abstract
http://europepmc.org/abstract/MED/23065196
http://dx.doi.org/10.1136/amiajnl-2012-001175
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23065196&dopt=Abstract
https://www.jmir.org/2018/3/e97/
http://dx.doi.org/10.2196/jmir.7867
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29563076&dopt=Abstract
http://dx.doi.org/10.1007/s12160-009-9130-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19787305&dopt=Abstract
https://www.statista.com/statistics/617136/digital-population-worldwide/
https://www.statista.com/statistics/617136/digital-population-worldwide/
http://dx.doi.org/10.1016/j.ijmedinf.2017.04.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28550996&dopt=Abstract
https://doi.org/10.1002/wps.20083
http://dx.doi.org/10.1002/wps.20083
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24497236&dopt=Abstract
https://www.medicine20.com/2012/2/e3/
http://dx.doi.org/10.2196/med20.1741
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25075231&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Koneskaet al

12.

13.

14.

15.

16.

17.
18.
19.

20.

21

22.

23.

24,

25.

26.
27.

28.

29.

30.

31.

32.

33.

35.

Kelders SM, Kok RN, Ossebaard HC, van Gemert-Pijnen JE. Persuasive system design does matter: a systematic review
of adherence to web-based interventions. J Med Internet Res 2012 Nov 14;14(6):e152 [FREE Full text] [doi:
10.2196/jmir.2104] [Medline: 23151820]

Perski O, Blandford A, West R, Michie S. Conceptualising engagement with digital behaviour change interventions: a
systematic review using principles from critical interpretive synthesis. Transl Behav Med 2017 Jun;7(2):254-267 [FREE
Full text] [doi: 10.1007/s13142-016-0453-1] [Medline: 27966189]

Payne B, Embi P, Johnson S, Mendonca E, Starren J. Improving clinical trial participant tracking tools using
knowledge-anchored design methodologies. Appl Clin Inform 2010;1(2):177-196 [FREE Full text] [doi:
10.4338/ACI-2010-02-RA-0012] [Medline: 22132037]

Google Analytics. URL: https://analytics.google.com/analytics/web/ [accessed 2019-12-27]

Thushara Y, Ramesh V. A study of web mining application on e-commerce using Google Analytics tool. Int J Comput
Appl 2016 Sep;149(11):21-26. [doi: 10.5120/ijca2016911610]

The Apache HTTP Server Project. Log Files URL: https:/httpd.apache.org/docs/1.3/logs.html [accessed 2019-12-27]
Clark D, Nicholas D, Jamali HR. Evaluating information seeking and use in the changing virtual world: the emerging role
of Google Analytics. Learn Publ 2014;27(3):185-194. [doi: 10.1087/20140304]

OBrien P, Arlitsch K, Mixter J, Wheeler J, Sterman LB. RAMP —the Repository Analyticsand Metrics Portal: A prototype
web service that accurately counts item downloads from institutional repositories. Library Hi Tech 2017;35(1):144-158.
[doi: 10.1108/Iht-11-2016-0122]

Olden M, Holle R, Heid IM, Stark K. IDGenerator: unique identifier generator for epidemiologic or clinical studies. BMC
Med Res Methodol 2016 Sep 15;16:120 [FREE Full text] [doi: 10.1186/s12874-016-0222-3] [Medline: 27628043]

Dodd S, White IR, Williamson P. Nonadherence to treatment protocol in published randomised controlled trials: areview.
Trials 2012 Jun 18;13:84 [FREE Full text] [doi: 10.1186/1745-6215-13-84] [Medline: 22709676]

Dodd S, White IR, Williamson P. A framework for the design, conduct and interpretation of randomised controlled trials
in the presence of treatment changes. Trials 2017 Oct 25;18(1):498 [FREE Full text] [doi: 10.1186/s13063-017-2240-9]
[Medline: 29070048]

Bellamy SL, Lin JY, Ten Have TR. An introduction to causal modeling in clinical trials. Clin Trials 2007;4(1):58-73. [doi:
10.1177/1740774506075549] [Medline: 17327246]

Begg C, Cho M, Eastwood S, Horton R, Moher D, Olkin I, et al. Improving the quality of reporting of randomized controlled
trials. The CONSORT statement. JAm Med Assoc 1996 Aug 28;276(8):637-639. [doi: 10.1001/jama.276.8.637] [Medline:
8773637]

Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing eval uation reports of
Web-based and mobile health interventions. J Med Internet Res 2011 Dec 31;13(4):e€126 [FREE Full text] [doi:
10.2196/jmir.1923] [Medline: 22209829]

NCBI - NIH. PubMed URL: https://www.ncbi.nlm.nih.gov/pubmed [accessed 2019-12-27]

KoneskaE, Appelbe D, Dodd S. Prospero. 2018. Determining the Extent of Web-Based Intervention Usein Health Research:
A Systematic Review URL: https://www.crd.york.ac.uk/prospero/display_record.php? D=CRD42018095116 [accessed
2020-02-10]

Andersson C. Comparison of WEB and interactive voice response (IVR) methods for delivering brief alcohol interventions
to hazardous-drinking university students: arandomized controlled trial. Eur Addict Res 2015;21(5):240-252. [doi:
10.1159/000381017] [Medline: 25967070]

Turner-McGrievy G, Kalyanaraman S, Campbell MK. Delivering health information via podcast or web: media effects on
psychosocial and physiological responses. Health Commun 2013;28(2):101-109 [FREE Full text] [doi:
10.1080/10410236.2011.651709] [Medline: 22420785]

Irvine AB, PhilipsL, Seeley J, Wyant S, Duncan S, Moore RW. Get moving: aweb site that increases physical activity of
sedentary employees. Am J Health Promot 2011;25(3):199-206 [ FREE Full text] [doi: 10.4278/ajhp.04121736] [Medline:
21192750Q]

Burford O, JiwaM, Carter O, Parsons R, Hendrie D. Internet-based photoaging within Australian pharmacies to promote
smoking cessation: randomized controlled trial. JMed Internet Res 2013 Mar 26;15(3):e64 [FREE Full text] [doi:
10.2196/jmir.2337] [Medline: 23531984]

Boettcher J, Astrom V, Pahlsson D, Schenstrém O, Andersson G, Carlbring P. Internet-based mindfulness treatment for
anxiety disorders: arandomized controlled trial. Behav Ther 2014 Mar;45(2):241-253 [FREE Full text] [doi:
10.1016/j.beth.2013.11.003] [Medline: 24491199

Irwin BC, Feltz DL, Kerr NL. Silenceis golden: effect of encouragement in motivating the weak link in an online exercise
video game. JMed Internet Res 2013 Jun 4;15(6):€104 [FREE Full text] [doi: 10.2196/jmir.2551] [Medline: 23732514]
LustriaML, Cortese J, Noar SM, Glueckauf RL. Computer-tailored health interventions delivered over the web: review
and analysis of key components. Patient Educ Couns 2009 Feb;74(2):156-173. [doi: 10.1016/j.pec.2008.08.023] [Medline:
18947966]

Schroter S, Glasziou P, Heneghan C. Quality of descriptions of treatments: areview of published randomised controlled
trials. BMJ Open 2012;2(6):pii: €001978 [FREE Full text] [doi: 10.1136/bmjopen-2012-001978] [Medline: 23180392]

http://www.jmir.org/2020/4/€15474/ JMed Internet Res 2020 | vol. 22 | iss. 4 [e15474 | p.191

(page number not for citation purposes)


https://www.jmir.org/2012/6/e152/
http://dx.doi.org/10.2196/jmir.2104
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23151820&dopt=Abstract
http://europepmc.org/abstract/MED/27966189
http://europepmc.org/abstract/MED/27966189
http://dx.doi.org/10.1007/s13142-016-0453-1
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27966189&dopt=Abstract
http://europepmc.org/abstract/MED/22132037
http://dx.doi.org/10.4338/ACI-2010-02-RA-0012
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22132037&dopt=Abstract
https://analytics.google.com/analytics/web/
http://dx.doi.org/10.5120/ijca2016911610
https://httpd.apache.org/docs/1.3/logs.html
http://dx.doi.org/10.1087/20140304
http://dx.doi.org/10.1108/lht-11-2016-0122
https://bmcmedresmethodol.biomedcentral.com/articles/10.1186/s12874-016-0222-3
http://dx.doi.org/10.1186/s12874-016-0222-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27628043&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-13-84
http://dx.doi.org/10.1186/1745-6215-13-84
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22709676&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-017-2240-9
http://dx.doi.org/10.1186/s13063-017-2240-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29070048&dopt=Abstract
http://dx.doi.org/10.1177/1740774506075549
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17327246&dopt=Abstract
http://dx.doi.org/10.1001/jama.276.8.637
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=8773637&dopt=Abstract
https://www.jmir.org/2011/4/e126/
http://dx.doi.org/10.2196/jmir.1923
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22209829&dopt=Abstract
https://www.ncbi.nlm.nih.gov/pubmed
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42018095116
http://dx.doi.org/10.1159/000381017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25967070&dopt=Abstract
http://europepmc.org/abstract/MED/22420785
http://dx.doi.org/10.1080/10410236.2011.651709
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22420785&dopt=Abstract
http://europepmc.org/abstract/MED/21192750
http://dx.doi.org/10.4278/ajhp.04121736
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21192750&dopt=Abstract
https://www.jmir.org/2013/3/e64/
http://dx.doi.org/10.2196/jmir.2337
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23531984&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S0005-7894(13)00104-4
http://dx.doi.org/10.1016/j.beth.2013.11.003
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24491199&dopt=Abstract
https://www.jmir.org/2013/6/e104/
http://dx.doi.org/10.2196/jmir.2551
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23732514&dopt=Abstract
http://dx.doi.org/10.1016/j.pec.2008.08.023
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18947966&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=23180392
http://dx.doi.org/10.1136/bmjopen-2012-001978
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23180392&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Koneskaet al

36.

37.

38.

39.

40.

41.

42.

43.

45,

46.

Hoffmann TC, Glasziou PP, Boutron I, Milne R, Perera R, Moher D, et al. Better reporting of interventions: template for
intervention description and replication (TIDieR) checklist and guide. Br Med J 2014 Mar 7;348:91687. [doi:
10.1136/bmj.g1687] [Medline: 24609605]

Butcher NJ, Monsour A, Mew EJ, Szatmari P, Pierro A, Kelly LE, et a. Improving outcome reporting in clinical trial
reports and protocols: study protocol for the Instrument for reporting Planned Endpointsin Clinical Trials (InsPECT). Trials
2019 Mar 6;20(1):161 [FREE Full text] [doi: 10.1186/s13063-019-3248-0] [Medline: 30841935]

Centre for Statisticsin Medicine (CSM). The EQUATOR Network. URL: http://www.egquator-network.org/ [accessed
2019-12-27]

Centre for Statistics in Medicine. The EQUATOR Network. Disseminating Your Reporting Guideline URL: http://www.
equator-network.org/tool kits/devel oping-a-reporti ng-guidel ine/di ssemi nating-your-reporting-guideline/ [accessed 2019-12-27)
Kelders SM, Pots WT, Oskam MJ, Bohimeijer ET, van Gemert-Pijnen JE. Development of a web-based intervention for
the indicated prevention of depression. BMC Med Inform Decis Mak 2013 Feb 20;13:26 [FREE Full text] [doi:
10.1186/1472-6947-13-26] [Medline: 23425322]

Ludden GD, van Rompay TJ, Kelders SM, van Gemert-Pijnen JE. How to increase reach and adherence of web-based
interventions: a design research viewpoint. JMed Internet Res 2015 Jul 10;17(7):e172 [FREE Full text] [doi:
10.2196/jmir.4201] [Medline: 26163456]

van Rosmalen-Nooijens K, Lo Fo Wong S, Prins J, Lagro-Janssen T. Young people, adult worries: randomized controlled
trial and feasibility study of the internet-based self-support method 'Feel the ViBe' for adolescents and young adults exposed
to family violence. JMed Internet Res 2017 Jun 12;19(6):e204 [FREE Full text] [doi: 10.2196/jmir.6004] [Medline:
28606893]

Nguyen HQ, Donesky-Cuenco D, Wolpin S, Reinke LF, Benditt JO, Paul SM, et al. Randomized controlled trial of an
internet-based versus face-to-face dyspnea self-management program for patients with chronic obstructive pulmonary
disease: pilot study. JMed Internet Res 2008 Apr 16;10(2):€9 [FREE Full text] [doi: 10.2196/jmir.990] [Medline: 18417444)]
Mermelstein R, Turner L. Web-based support as an adjunct to group-based smoking cessation for adolescents. Nicotine
Tob Res 2006 Dec;8(Suppl 1):S69-S76 [FREE Full text] [doi: 10.1080/14622200601039949] [Medline: 17491173]
Farvolden P, Denisoff E, Selby P, Bagby RM, Rudy L. Usage and longitudinal effectiveness of a web-based self-help
cognitive behavioral therapy program for panic disorder. JMed Internet Res 2005 Mar 26;7(1):e7 [FREE Full text] [doi:
10.2196/jmir.7.1.e7] [Medline: 15829479]

Fleisher L, Kandadai V, Keenan E, Miller SM, Devargjan K, Ruth KJ, et a. Build it, and will they come? Unexpected
findingsfrom astudy on aweb-based intervention to improve colorectal cancer screening. JHealth Commun 2012;17(1):41-53
[FREE Full text] [doi: 10.1080/10810730.2011.571338] [Medline: 22217118]

Abbreviations

CACE: complier average causal effect

CONSORT: Consolidated Standards of Reporting Trials

CONSORT-EHEALTH: Consolidated Standards of Reporting Trials of Electronic and Mobile Health Applications
and online TeleHesalth

EQUATOR: Enhancing the QUAIity and Transparency Of health Research

GA: Google Analytics

RCT: randomized controlled trial

UID: unique identifier

Edited by G Eysenbach; submitted 16.07.19; peer-reviewed by L Le, K Villaume, D Guertler; comments to author 28.09.19; revised
version received 24.10.19; accepted 26.01.20; published 16.04.20.

Please cite as:

Koneska E, Appelbe D, Wliamson PR, Dodd S

Usage Metrics of Web-Based I nterventions Evaluated in Randomized Controlled Trials: Systematic Review
J Med Internet Res 2020;22(4):€15474

URL: http://www.jmir.org/2020/4/e15474/

doi:10.2196/15474

PMID: 32297870

©Elena Koneska, Duncan Appelbe, Paula R Williamson, Susanna Dodd. Originally published in the Journal of Medical Internet
Research (http://www.jmir.org), 16.04.2020. Thisis an open-access article distributed under the terms of the Creative Commons
Attribution License (https://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction

http://www.jmir.org/2020/4/€15474/ JMed Internet Res 2020 | vol. 22 | iss. 4 [e15474 | p.192

(page number not for citation purposes)


http://dx.doi.org/10.1136/bmj.g1687
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24609605&dopt=Abstract
https://trialsjournal.biomedcentral.com/articles/10.1186/s13063-019-3248-0
http://dx.doi.org/10.1186/s13063-019-3248-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30841935&dopt=Abstract
http://www.equator-network.org/
http://www.equator-network.org/toolkits/developing-a-reporting-guideline/disseminating-your-reporting-guideline/
http://www.equator-network.org/toolkits/developing-a-reporting-guideline/disseminating-your-reporting-guideline/
https://bmcmedinformdecismak.biomedcentral.com/articles/10.1186/1472-6947-13-26
http://dx.doi.org/10.1186/1472-6947-13-26
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23425322&dopt=Abstract
https://www.jmir.org/2015/7/e172/
http://dx.doi.org/10.2196/jmir.4201
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26163456&dopt=Abstract
https://www.jmir.org/2017/6/e204/
http://dx.doi.org/10.2196/jmir.6004
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28606893&dopt=Abstract
https://www.jmir.org/2008/2/e9/
http://dx.doi.org/10.2196/jmir.990
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18417444&dopt=Abstract
http://europepmc.org/abstract/MED/17491173
http://dx.doi.org/10.1080/14622200601039949
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17491173&dopt=Abstract
https://www.jmir.org/2005/1/e7/
http://dx.doi.org/10.2196/jmir.7.1.e7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15829479&dopt=Abstract
http://europepmc.org/abstract/MED/22217118
http://dx.doi.org/10.1080/10810730.2011.571338
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22217118&dopt=Abstract
http://www.jmir.org/2020/4/e15474/
http://dx.doi.org/10.2196/15474
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=32297870&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Koneskaet al

in any medium, provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The

complete bibliographic information, alink to the original publication on http://www.jmir.org/, aswell asthis copyright and license
information must be included.

http://www.jmir.org/2020/4/€15474/ JMed Internet Res 2020 | vol. 22 | iss. 4 [e15474 | p.193

(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH Bernabe-Ortiz et &

Original Paper

Sustainability of mHealth Effects on Cardiometabolic Risk Factors:
Five-Year Results of a Randomized Clinical Trial

Antonio Bernabe-Ortiz, MD, MPH, PhD; Julia Pauschardt!, MSc; Francisco Diez-Canseco', BA, MPH: J Jaime
Miranda®?, MD, M Sc, PhD, FFPH

1CRONICAS Center of Excellence in Chronic Diseases, Universidad Peruana Cayetano Heredia, Lima, Peru
2School of Medicine, Universidad Peruana Cayetano Heredia, Lima, Peru

Corresponding Author:

Antonio Bernabe-Ortiz, MD, MPH, PhD

CRONICAS Center of Excellence in Chronic Diseases
Universidad Peruana Cayetano Heredia

Avenida Armendariz 445

Miraflores

Lima, 15074

Peru

Phone: 51 12416978

Email: antonio.bernabe@upch.pe

Abstract

Background: The long-term effects of mobile health (mHealth) interventions have not been documented, especidly in
resource-constrained settings.

Objective: This study aimed to assess the effects of a 1-year mHealth intervention on blood pressure levels and body weight
in low-resource urban settings in Peru, 4 years after the completion of the original study.

Methods: Four yearsafter the original Grupo de Investigacion en Salud Mévil en Americal atina(GISMAL) study, we attempted
to contact the 212 individuals originally enrolled in the study in Peru. The primary outcomes were systolic and diastolic blood
pressure levels and hypertension incidence. Secondary outcome measures were body weight, BMI, and self-reported target
behaviors. The study personnel collecting the data were masked to the group assignment. Linear mixed models were used to
evaluate the effects of the intervention on primary and secondary outcomes in an intention-to-treat analysis.

Results: Datafrom 164 (77.4%) of the 212 originally enrolled participants were available and analyzed (80 in the intervention
group and 84 in the control group). The intervention did not result in changes in systolic (—2.54 mm Hg, 95% CI -8.23 to 3.15)
or diastolic (3.41 mm Hg, 95% Cl —0.75 to 7.57) blood pressure compared with the control group. The intervention reduced the
risk of developing hypertension, but the result was not significant (risk ratio (RR) 0.76, 95% CI 0.45-1.28). However, those who
received the intervention had lower body weight (-5.42 kg, 95% Cl —-10.4 to —0.48) and BMI (—2.56 kg/m2, 95% CI —4.46 to
—0.66). In addition, compared to the control participants, those who received >50% of the scheduled calls during the intervention
had greater reductions in body weight (—6.23 kg, 95% Cl —11.47 to —0.99) and BMI (—2.81 kg/m2, 95% CI —4.77 to —0.85).
Conclusions: An mHealth intervention comprising motivational interview calls and SM S text messaging appears to have effects
on hedlth 4 years after intervention completion. Although there were no effects on blood pressure levels, important reductionsin
body weight and BMI were seen 5 years after randomization. Thus, mHealth appears to be a promising preventive strategy for
noncommunicable diseases in resource-constrained settings.

Trial Registration: Clinicaltrials.gov NCT01295216; https://clinicaltrials.gov/ct2/show/NCT01295216

(J Med Internet Res 2020;22(4):€14595) doi:10.2196/14595
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Methods

Hypertension is the most important risk factor for stroke and
premature cardiovascular disease (CVD) [1,2]. Prehypertension
is defined as a systolic blood pressure (SBP) of 120-139 mm
Hg or a diastolic blood pressure (DBP) of 80-89 mm Hg [3];
however, the risks of coronary artery disease and stroke rise
progressively as blood pressureincreases above 115/75 mm Hg
[4]. As a result, interventions focused on individuals with
prehypertension may be of interest to address the burden of
hypertension.

Worldwide, the number of individualswho own amobile phone
is increasing. Mobile heath (mHealth), an ever-expanding
concept, usesthis growing technology in awide range of health
care applications [5]. Interventions using mHealth have the
potential to shorten gaps to reach underserved populations [6],
providing a more flexible platform for improving patient
self-care. mHealth technology has been applied successfully to
meet the treatment of infectious chronic diseases such as
tuberculosis (treatment adherence, prevention, and education)
[71 and HIV/AIDS (uptake of sexual health services and
information) [8], and some mHealth interventions have been
used to promote changes toward hedlthier lifestyles, thereby
improving health outcomes [9-11]. However, the number of
studies assessing the impact of mHealth on specific
cardiovascular outcomes is more limited in low-income and
middle-income settings[6,12], and athough the success of these
interventions is evident, the long-term impact of interventions
involving mHealth technology is not.

Some interventions have been proved to be effective to change
lifestyle behaviors. A systematic review found that interventions
based onthe Transtheoretical Model can reduce fat consumption,
increase the consumption of fruit and vegetables, and increase
physical activity depending upon the progression through the
stages of change [13]. Similarly, a recent systematic review
reported that  telephone-based  interventions  that
incorporate motivational interviewing are promising for weight
loss[14]. The GISMAL (Grupo de Investigacion en Salud Movil
en AmericaLatina, in Spanish) study was a 1-year randomized
controlled trial conducted in three Latin American countries
(Argentina, Guatemala, and Peru) using the Transtheoretical
Model and motivational interviewing.

The aim of the GISMAL study was to assess whether an
mHealth intervention would improvethe cardiometabolic profile
(ie, reduce blood pressure levels and body weight) among
individuals with prehypertension [15,16]. Although the
intervention did not reduce blood pressure levels, it was
associated with a reduction of body weight and improvement
in some dietary habits, especially in Peru. One year may not be
a sufficient period to observe changes in blood pressure levels
dueto abehavioral intervention or to assess whether the effects
of the intervention can continue to provide benefit after it is
stopped; therefore, we aimed to evaluate the long-term effects
(ie, 4 years after completion of the original study) of the
GISMAL mHealth intervention on blood pressure and body
weight in participants recruited in Peru.

http://www.jmir.org/2020/4/e14595/

Original Intervention and Settings

The GISMAL study (NCT01295216) was performed in 2012.
It was amulticenter, parallel-group, randomized controlled trial
that was stratified by sex and age (30-44 years and 45-60 years).
Details about the intervention have been published elsewhere
[15]. In brief, randomization was stratified by country using
minimization by sex and age group. Theintervention lasted 12
months, followed a standardized protocol, which was
implemented by trained nutritionists and comprised monthly
phone calls in which the nutritionists used moativational
interview techniques. Participants were contacted through their
personal mobile phones, and the conversations focused on
reduction of dietary sodium intake, reduction of high-fat and
high-sugar food intake, increase in fruit and vegetable
consumption, and promotion of physical activity. In addition,
SM Stext messages were sent weekly to participantsto reinforce
the calls [17]. The same nutritionist entered the information
obtained during each call into aweb-based platform to customize
the weekly text messages delivered to participants in the
following month. Several text messages were developed and
culturally adapted to each country to guarantee understanding,
adequacy of the message wording, and tone, as previously
described [18].

Eligibility criteriaincluded men and women aged 30-60 years
who owned mobile phones and with SBP and DBP in the
prehypertension range (between 120 and 139 mm Hg and
between 80 and 89 mm Hg, respectively). People with an earlier
diagnosis of diabetesor hypertension, illiterateindividuals, and
pregnant women were excluded.

The total sample of the origina intervention was 636 people
from Argentina, Guatemala, and Peru; however, the sample size
of the trial was calculated separately for each country. Thus,
researchers from Peru enrolled 212 individuals to ensure a
change in systolic blood pressure levels of 5 mm Hg. Subjects
from two different sites (Pampas de San Juan de Mirafloresand
Hospital Nacional Cayetano Heredia) wererecruited; 107 were
allocated to theintervention group and 105, to the control group.
The outcomes of interest were blood pressure, body weight,
diet quality, and physical activity; these were evaluated at
baseline (randomization) and at 6 and 12 months later.

Follow-up Assessment

Between August and December 2017, on average, 5 years after
randomization (ie, 4 years after completion of theintervention),
participants enrolled in Peruvian sites were contacted to
determine the long-term effects of the intervention (ie, whether
the effects of the mHealth intervention were maintained over
time and affected blood pressure levels as originally planned).
In the time between the 1-year and 5-year assessments, the
research team had no contact with the participants. As per the
original study [15], where participants had moved or had
changed their telephone number, family members or friends
reported as next of kin in the original study were contacted to
find the participants.
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Primary and Secondary Outcomes

As in the origina study, in this new assessment, the primary
outcomes were SBP and DBP, both measured in millimeters of
mercury; in addition, hypertension incidence was included as
aprimary outcome. The secondary outcomes were the same as
in the original study, including body weight (in kilograms),
BMI (kg/square meter), physical activity (in metabolic
equivalents [METS] per minute of a task per week), and diet
patterns (daily intake of fruits and vegetables, high-sodium food,
and of high-fat and high-sugar foods).

SBP and DBP were measured using an automatic monitor
(HEM-742 INT, Omron) asintheoriginal study. Measurements
weretakenintriplicate; after a5-minuteresting period, thefirst
blood pressure measurement was taken, and the time between
subsequent measurements was at least 1 minute. The average
of the second and third blood pressure measurements was used
for the analyses. All measurements were taken with the
participant in a seated position using the same arm where the
original measurement was taken.

Body weight was measured threetimes, following standardized
techniques. We used the same digital scales (Seca 803/Omron
SC-100) used in the original study and calibrated them to an
accuracy of 100 g. BMI was calculated by dividing weight (kg)
by height (m) squared. Primary and secondary outcomes were
evaluated as numerical variables; however, hypertension
incidence was evaluated by taking into account the new cases
of hypertension detected since randomization.

Changes in physical activity were evaluated using the METs
obtained from the short version of the International Physical
Activity Questionnaire [19]. Moreover, diet patterns were
evaluated using the same food frequency questionnaire used in
the origina study; the questions focused on the consumption
of foodswith high contents of sodium, simple sugars, transfats,
and saturated fats, as well as on the consumption of fruits and
vegetables [20].

Other important variables were considered, including
sociodemographic data (age, sex, marital status, household
income, years of education, employment status, and health
insurance coverage) aswell as self-reported lifestyle behaviors
(smoking status, alcohol intake, physical activity, and daily
dietary intake). In addition, stages of change (precontemplation,
contemplation, preparation, action, and maintenance) according
to the Transtheoretical Model [21] were described (physical
activity, intake of servings of 5 fruits and vegetables, food with
harmful fats, high-sugar food and beverages, high-sodium
processed foods, salt added at the table, and salt added for
cooking).

Statistical Analysis

Data were analyzed using STATA 13 software (Stata Corp).
The intention-to-treat principle was used to compare the
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intervention and control arms. Means and standard deviations
for numerical continuous variables and proportions and
frequencies for categorical variables were used to describe the
study population enrolled in Peru at baseline.

For the incidence analysis, we excluded patients whose
hypertension status could not be confirmed, including those
who were lost to follow-up and who had died. Person-years of
follow-up were calculated by summing the follow-up timesfor
the remaining participants. For participantswith anew diagnosis
of hypertension, only half of the time between the last
assessment and the previous assessment was used in this sum
sincethe actual date of diagnosiswas unknown. Incidencerates
and their 95% confidence interval swere then estimated. Poisson
regression models with log link functions and robust standard
errorsto account for cluster effectswere cal culated by reporting
therisk ratio (RR) and 95% confidence intervals.

Differencesin primary and secondary outcomes were assessed
using linear mixed models, including two levels (assessments
as level 1 units and subjects as level 2 clusters). As in the
original study, theapriori defined model included theinteraction
between the intervention and the time of follow-up as categorical
variables (baseline, 6 months, 12 months, and 5 years), adjusting
by sex and ageto reverse the stratification during randomization.
The regression model results focus on the 5-year assessment
and are presented as coefficients with their respective 95% CI.
A dose-response analysiswas al so conducted using appropriate
statistical techniques but was categorized in two groupsinstead
of the three groups in the origina study: participants who
received <6 (50%) and =6 (50%) of the scheduled motivational
interviewing calls.

Ethical Aspects

Aswe only contacted participants from the Peruvian sites, this
new assessment was approved by the Ethics Committee of the
Universidad Peruana Cayetano Heredia, Lima, Peru. To ensure
the autonomy of the participants, written informed consent was
obtai ned before we assessed the participants. The data collected
were kept confidential and accessed only by the researchers
who performed the study.

Results

Principal Findings

In Peru, atotal of 1495 participantswere assessed for digibility;
finally, 212 were randomly assigned to the intervention or
control arm. After the first year of the study, 193 participants
were retained in the study (n=95, 49.2% in the intervention
group and n=98, 50.8% in the control group); 5 years after
randomization, 1 (0.5%) participant had died, and 47 (22.2%)
were lost to follow-up. Therefore, data from 164 individuas
wereanalyzed (n=80, 48.8% in the intervention group and n=84,
51.2% in the control group; Figure 1).
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Figurel. Trid profilein Peru.
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| 1495 participants assessed for eligibility

1283 ineligible
Did not pass the inclusion criteria: 85
Were pregnant: 11
Had hypertension: 121
Had type 2 diabetes: 49
Had heart disease: 30
Were moving away: 26
Had blood pressure not in prehypertension: 902
Did not provide consent: 59

| 212 randomly assigned |

[

| 107 assigned to intervention l

| 105 assigned to control ]

7lost to follow-up <—‘

7 lost to follow-up

| 100 assessed at 6 months I

| 98 assessed at 6 months }

‘ 12 lost to follow-up }(—‘

i—)l 7 lost to follovi-up |

| 95 assessed at 12 months |

| 98 assessed at 12 months ‘

‘ 27 lost to follow-up F—{

}H 21 lost to follow-up |

80 assessed at 5 yearsand
included in intent-to-treat
analysis

84 assessed at 5 yearsand
includedin intent-to-treat
analysis

According to the baseline comparison, the randomi zation works
relatively well, as the distributions of the characteristics of the
study population were similar in the intervention and control
groups (Multimedia Appendix 1).

Primary and Secondary Outcomes

In intention-to-treat analysis, the intervention did not result in
changesin SBP (-2.54 mm Hg, 95% Cl —8.23 to 3.15) or DBP
(3.41 mm Hg, 95% CI -0.75 to 7.57) compared to controls.
Among secondary outcomes, those who received the

intervention had lower body weight (-5.42 kg, 95% Cl —10.4

to —0.48) and BMI (-2.56 kg/m? 95% Cl: —4.46 to —0.66)
compared to the control group. However, therewasno evidence
of effects of the intervention on physical activity levels, intake
of fruitsand vegetables, or intake of high-sodium food, but there
were small increases in the intake of high-fat and high-sugar
foods (Table 1).

The intervention reduced the risk of developing hypertension
after 5 years of follow-up (RR 0.76, 95% CI 0.45-1.28);
however, the estimates were not significant (Table 2).

Table 1. Primary and secondary outcomes at 5 years of follow-up: results from mixed linear models.

Outcome Intervention group (n=80) Control group (n=84) Mean difference” B(95%Cl) Pvaue
Primary
Systolic blood pressure 124.0 (12.1) 126.6 (12.5) —2.54 (-8.2310 3.15) 38
Diastolic blood pressure 74.4 (8.8) 74.2 (9.0) 341 (-0.75t0 7.57) A1
Secondary
Body weight (kg) 78.0 (15.1) 79.8 (15.7) —5.42 (-10.4 t0 -0.48) .03
BMI (kg/m?) 314 (5.2) 32.8(5.9) —2.56 (—4.46 to —0.66) 008
Physical activity (METs¥min per week) 1077 (1641.6) 911 (1274.6) —61.12 (-745.9410623.70) .86
Daily intake of fruits and vegetables® 1.62 (0.95) 1.65 (0.94) 0.05 (-0.47 to 0.56) 86
Daily intake of high-sodium food® 0.56 (0.60) 0.82 (0.69) -0.22 (-0.5510 0.11) 20
Daily intake of high-fat and high-sugar foods® 372 (1.69) 3.93(1.73) 0.98 (0.14t0 1.82) .02

3METs: metabolic equivalents.

BMean differences were estimated usi ng linear mixed models using information from the baseline and 6-month, 12-month, and 5-year follow-ups and

were controlled by sex and age.
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Table 2. Incidence of hypertension by intervention group and dose-response to intervention 5 years after randomization.

New cases of hypertension during follow-up Regression model? RR (95% Cl) P value
No (n=142) Yes (n=50)
Intention-to-treat analysis
Control 69 (70.4%) 29 (29.6%) 1 (Reference) —
Intervention 73 (77.7%) 21 (22.3%) 0.76 (0.45-1.28) .30
Dose-response analysis
Control 69 (70.4%) 29 (29.6%) 1 (Reference) —
<50% (<6 calls) 20 (66.7%) 10 (33.3%) 1.33 (0.64-2.75) 44
>50% (=6 calls) 53 (82.8%) 11 (17.2%) 0.55 (0.29-1.04) 07

3\lodels were adjusted by age and sex, as randomization was stratified for these variables.

Dose-Response Analysis

No changesin SBP (—4.05 mm Hg, 95% CI: —10.11 to 2.02) or
DBP (1.48 mm Hg, 95% Cl: —2.84 to 5.79; Table 3) were
observed among participants receiving =50% of motivational
cals. On the other hand, those receiving 250% of scheduled
calls during the intervention had a 45% reduction (RR 0.55,
95% CI: 0.29-1.04) in the risk of developing hypertension 5

years after randomization; however, the estimates were not
significant (Table 2).

Among secondary outcomes, participants in the intervention
group who received =50% of calls had greater reductions in
body weight (—6.23 kg, 95% CI: —11.47 to —0.99) and BMI
(-2.81 kg/m?, 95% Cl: -4.77; -0.85); however, there were no
changes in the other secondary outcomes (Table 3).

Table 3. Dose response to intervention in primary and secondary outcomes at 5-year follow-up.

Mean difference (<50%/<6 calls)® (n=26)

Mean difference (250%/26 calls)® (n=54)

B (95% CI) P value B (95% CI) P value

Primary outcomes

Systolic blood pressure 0.42 (-5.89t06.72) .90 —4.05 (—10.11 to 2.02) 19

Diastolic blood pressure 7.13(2.31t0 11.95) .004 1.48 (-2.84105.79) .50
Secondary outcomes

Body weight (kg) —3.57 (~10.47 t0 3.34) 31 -6.23(-11.47t0-0.99) .02

BMI (kg/m?) ~1.79 (-4.45 10 0.87) 19 ~2.81 (-4.77; -0.85) .005

Physical activity (METs¥min per week) —163.55 (—915.48 to 588.38) .67 59.37 (-703.91t0 822.64) .88

Daily intake of fruits and vegetables 0.25 (-0.39t0 0.89) 45 ~0.04 (-0.56; 0.49) 89

Daily intake of high-sodium food® -0.05 (-0.4710 0.37) 82 -0.28 (-0.62; 0.06) 11

Daily intake of high-fat and high-sugar foods? 174 (06510 2.83) .002 0.64 (-0.20; 1.49) 14

3VETs: metabolic equivalents.

B\ ean differences were estimated usi ng linear mixed models using information from the baseline, 6-month, 12-month, and 5-year follow-ups and were

controlled by sex and age.

Discussion

Main Findings

Although no significant changes were observed in blood
pressure levels 4 years after the original intervention was
completed, our findings demonstrate important reductions in
body weight and BMI. Moreover, participants who received
>50% of motivational calls during the 1-year intervention
potentially benefited most because greater reductions of body
weight and BMI were observed; this may have further impact
on hypertension incidence, as suggested by the risk estimates.

http://www.jmir.org/2020/4/e14595/
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Notably, none of the changes found in the behavioral factors
could explain the reductions in body weight and BMI.

Comparison With Previous Studies

To our knowledge, thisis one of thefirst randomized controlled
trialsassessing the long-term effects of an mHealth intervention
created to promote healthy lifestyle behaviors among subjects
at highrisk of CVD (ie, with prehypertension) in Latin America.
Two relatively recent systematic reviews highlighted the limited
number of mHealth interventions in resource-constrained
settings, especially from the prevention perspective [6,12].
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Among existing studies, Green et a [22] demonstrated that
web-delivered pharmacy team care resulted in greater reduction
in SBP and improved blood pressure 6-18 months after
completion of the interventions. Similarly, Margolis et a [23]
showed that intensive intervention based on blood pressure
telemonitoring with pharmacist management had sustained
effects for up to 24 months (12 months after the intervention
ended). Therefore, our study expands on current data by
suggesting that mHealth intervention has a sustained effect on
body weight 4 years after the intervention ended. On the other
hand, Appel et al [24] reported a reduction of 4.6 kg among
obese individuals receiving remote support (ie, telephone,
website, and email) compared to acontrol group after 24 months
of follow-up; however, no impact on CVD events or all-cause
mortality was observed. On the other hand, Rubinstein et a [15]
reported no change in blood pressure levels after 12 months of
intervention in prehypertensive individuals, but participantsin
the intervention group had modest reductions in body weight
and BMI and reported lower intake of high-fat and high-sugar
foods. Recently, a meditation smartphone app appeared to
decrease SBP in a 6-month dose-response feasibility trial;
however, the adherence to this intervention declined over time
[25].

The utility of mobile phone text messages has been reported
mainly to support hypertension treatment and management,
especially asreminders[26,27]. For example, Bobrow et al [26],
using SM Stext messageswith hypertensiveindividuals, reported
asmall reductionin SBP compared to usua care after 12 months
of intervention. Similarly, Hacking et al [27] reported that text
messages only improved self-reported behavior changes.
However, limited literature has assessed the long-term impact
of mHealth interventions on the cardiometabolic profiles of
prehypertensive individuals.

The GISMAL intervention had a marked long-term impact on
body weight and BMI. Previous results of the original study at
the Peruvian site showed reductions of 1.24 kg in body weight

and 0.53 kg/m? in BMI among those in the intervention arm
after 1 year of follow-up (Multimedia Appendix 2) [15]. These
new results show that 4 years after the completion of the original
study, both body weight and BMI are much lower among
individual swho received theintervention than in those who did
not. Thus, this 1-year intervention not only helped sustain
previous weight loss but also helped ensure a greater weight
reduction over time. Surprisingly, despite the clear reductions
in weight and BMI at long-term follow-up, there was weak
evidence of changesin blood pressure levels. The sample size
of the original trial was calculated to detect a difference of 5
mm Hg in each country, and some decreases in SBP and
hypertensionincidence, especially among those receiving higher
doses of the intervention, were noted.

On the other hand, there were no differences among evaluated
behavioral factors. These findings suggest that the tools and
guestionnaires used during the evaluation were not accurate
enough to assess selected lifestyles or that the intervention led
to changes in unmeasured behaviors that were maintained
beyond the period of the study intervention. Other studies have
reported similar impacts of mHealth on bodyweight and BMI,
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but most of them werein the short term [28,29]. Therefore, our
results support the fact that a short mHealth intervention
comprising motivational interviewing calls and weekly text
messages hel ps parti cipants retain healthy habits and may help
them maintain long-term effects.

Relevanceto Public Health

Recently, the American Heart Association and the American
College of Cardiology included individual swith prehypertension
as having hypertension stage 1 (SBP=130-139 mm Hg or
DBP=80-89 mm Hg) and proposed that these individuals need
appropriate management [30]. However, although people with
prehypertension are at a high risk of developing CVD, they do
not receive treatment in resource-constrained settings. This
highlights the need for prevention strategies to avoid further
complications.

mHealth appears to be a promising way to reduce the risk of
these individual s because participantsin our intervention group
only received monthly health counselling and weekly text
messages for 12 months. Regular communication between
patients and clinics or health posts may improve adherence to
healthy behaviors, which in turn can prevent the onset of CVD
later on and contribute to other positive health outcomes[31,32].
In addition, the effects of our intervention could have been
greater if booster appointments were utilized, thus extending
the behavior changes.

The perceived benefits of this mHealth intervention must
outweigh the effort of receiving callsand text messages because
self-management is an ongoing process that requires significant
iteration. The introduction of apps to support calls and text
messages even after the intervention period can help produce
sustainable outcomes. However, evidence has demonstrated
that in interventions based only on technology, when people
are left alone with mobile self-help apps, participants are less
adherent [33,34] and less motivated to engage in the proposed
program than participants who are accompanied by health staff
or coaches or who have other types of face-to-face interaction
as part of the intervention [35]. The reductions in mean body
weight and BMI indicate possible long-term success of the
intervention, with a possible impact on hypertension; hence,
this intervention can potentially be implemented to ensure
prevention of CVD.

Limitations

Some limitations must be highlighted. First, this study included
only data from participants in Peruvian settings, although the
original intervention was conducted in three countries
(Argentina, Guatemala, and Peru). However, the effects of the
intervention were especially important in Peru, as shown by the
12-month results [15], and the sample size of the trial was
calculated separately for each country. Second, the rate of
attrition was over 20% after 5 years; thus, some bias may arise
in the results. Despite this, the intention-to-treat principle was
used in all the analyses. Third, the origina intervention was
based on the Transtheoretical Model, which is mainly used for
smoking cessation [36,37]. Although recent literature shows
the use of thismodel in other interventions[13], theintervention
was adapted to be applied for cardiovascular prevention in
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resource-constrained settings. Fourth, we did not assess
differential exposition to other preventive interventions since
study randomization. However, as the participants did not have
hypertension or any other noncommunicable condition, the
effects of this limitation may be negligible. Finally, recall and
desirability bias may be present at the moment of evaluation,
asisusual in these types of studies. However, validated scales
and standardized procedures were used to reduce these biases
asinthe original study.

Bernabe-Ortiz et al

Conclusion

A 1l-year mHedth intervention comprising motivational
interview calls and text messages appears to have long-term
effectson health 4 years after intervention compl etion. Although
we detected no effects on blood pressure levels, important
reductions of body weight and BM 1 were observed. Individuals
receiving =50% of calls had greater reductions in body weight
and BMI, and a potential effect on hypertension incidence was
observed. Thus, mHealth appears to be a promising preventive

strategy for noncommunicabl e diseasesin resource-constrained
settings.
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Abstract

Background: The application of telemedicine in home pulmonary rehabilitation interventions for the management of patients
with chronic obstructive pulmonary disease (COPD) has achieved promising results.

Objective: This study aimed to develop a WeChat official account (Pulmonary Internet Explorer Rehabilitation [PeR]) based
on social media. It further evaluated the effect of PeR on the quality of life, symptoms, and exercise self-efficacy of patients with
COPD.

Methods. Thefunctional modules of PeR were devel oped by amultidisciplinary team according to the electronic heal th-enhanced
chronic care model (eCCM) components. A total of 106 patients were randomly selected (53 in the PeR group and 53 in the
outpatient face-to-face group [FtF]). Pulmonary rehabilitation intervention was conducted for 3 months, and the outcome was
observed for 3 months. The primary outcome was patient quality of life measured with the COPD assessment test (CAT). The
secondary outcomes were eval uated using the modified Medical Research Council scale (MM RC), exercise self-regulatory efficacy
scale (Ex-SRES), and St George's Respiratory Questionnaire (SGRQ).

Results: The intention-to-treat analysis was used in the study. A total of 94 participants completed the 6-month pulmonary
rehabilitation program. No statistically significant differences were observed in CAT (F, ;=7.78, P=.001), Ex-SRES (F; 3=21.91,
P<.001), and mMRC scores (F; 3=29.64, P<.001) between the two groups with the variation in time tendency. The Ex-SRES
score had a significant effect on the CAT score (P=.03). The partial regression coefficient of Ex-SRES to CAT was 0.81, and
Exp (B) was 2.24.

Conclusions: The telemedicine technology was effective using the eCCM combined with a behavioral intervention strategy
centering on self-efficacy. Pulmonary rehabilitation at home through PeR and FtF could improve the sense of sdlf-efficacy and
quality of life and aleviate symptomsin patients with COPD.

Trial Registration: Chinese Clinical Trial Registry ChiCTR1900022770; https://tinyurl.com/tmmvpg3
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Introduction

Chronic obstructive pulmonary disease (COPD) is a chronic
and progressive respiratory disease [1]. In 2020, COPD is
expected to become the third leading cause of death [2] and the
fifth leading economic burden of disease [3].

Pulmonary rehabilitation is an important component of COPD
treatment and management [4]. “ Pulmonary rehabilitation is a
comprehensive intervention based on a thorough patient
assessment, followed by patient-tailored therapies that include,
but are not limited to, exercise training, education, and
behavioral change designed to improve the physical and
psychological conditions of people with chronic respiratory
discase and promote the long-term adherence to
health-enhancing behaviors’ [5]. Pulmonary rehabilitation could
alleviate symptoms, enhance activity tolerance, improve quality
of life, and reduce the burden of medical and health service
system [6]. Despite the acknowledged benefits, participation
and completion of pulmonary rehabilitation training have not
lived up to expectations[7]. The standard duration of pulmonary
rehabilitation training at homeis 8 to 12 weeks. Patients needed
long-term maintenance training to ensure the effect of
pulmonary rehabilitation [4]. In the United Kingdom, less than
1.5% of patients with COPD receive pulmonary rehabilitation
each year [8]. A clinical research showed that only 42% of
patients with COPD successfully accomplished pulmonary
rehabilitation training [ 7]. According to the American Thoracic
Association and the European Respiratory Association,
pulmonary rehabilitation has many limitations, such as
insufficient resources for pulmonary rehabilitation, low
proportion of medical insurance distribution, and lack of
professional health care providers [9]. In addition, other
elements (eg, transport, mobility of population, distance, and
training location) also make patients with COPD incapable of
requesting, participating, and persisting in pulmonary
rehabilitation training [10].

Telemedicine service mode can be described as the use of
electronic information and communication technology by
professional health care providersto provide and support health
care to patients in case of long distances [11]. The
implementation of pulmonary rehabilitation through remote
technology can not only reduce the medical service demand and
expenses of patients with COPD but also improve the
accessibility of service projects, solve the difficulty of
transportation and distance during training, and expand the
programs to remote areas [12]. Moreover, in response to the
low adherencerate of patient pulmonary rehabilitation training,
researchers intended to modify the treatment of chronic
respiratory diseases by developing behaviora change
interventions [13]. The systematic review by McCullough et al
[13] included 46 studies, 19 of them applied 12 different
behavioral change theories, among which self-efficacy theory
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and social cognition theory were used in several studies.
Notably, few studies combined behavioral intervention strategies
with remotetechnologiesin COPD. Lorig et a [14] implemented
internet-based chronic disease self-management projectsin 958
patientswith chronic diseasesthat included password protection,
interactive network teaching, and health education. The content
of health education included personalized sports design,
cognitive symptom management, negative emotion management,
drug overview, physician-patient communication, and healthy
diet. Theresults showed that providing self-management support
through the internet could effectively improve the health status
of patients, and it was a feasible choice to replace face-to-face
self-management [14].

The advantage of interventions based on theoretical modelshas
been confirmed by researchers [15]. Theoretical models can
help researchers conduct clinical research better by observing
the relationship between telemedicine content, behaviora
mechanisms, and expected outcomesfrom a holistic perspective
[16]. The electronic heath—enhanced chronic care model
(eCCM) is a theoretical model of telemedicine intervention
proposed by Gee and colleagues [17] based on the CCM
(chronic caremodel). The CCM iscurrently considered the best
comprehensive evidence for chronic disease prevention and
management interventions [18]. The eCCM is the innovation
of CCM and electronic health (eHealth) [17]. No transformation
study about the eCCM or other theory based on the eCCM has
been published to date.

This study aimed to construct functional modules of Pulmonary
Internet Explorer Rehabilitation (PeR, mobile technology, a
free social media WeChat official account) according to the
features of eCCM components. Meanwhile, behaviora
intervention strategies centered on self-efficacy were included
to evaluate the effect of PeR’s application. It was hypothesized
that PeR could relieve symptoms in patients with COPD and
improve their self-efficacy and quality of life.

Methods

Study Design

This study was a 6-month randomized controlled trial inwhich
standardized pulmonary rehabilitation intervention lasted for 3
months, and the rehabilitation observation period was 3 months.
The research assistant generated the random number sequence
using a random assignment sequence table. Patients were
randomly divided into i ntervention and control groups according
to the ratio of 1:1. The intervention group received PeR
management on the basis of evaluation, including respiratory
training, sportstraining, diet guidance, medication knowledge,
and so forth. Patients reported their training records at least
once a week. The control group received the same content as
the intervention group during an outpatient face-to-face (FtF)
intervention. Patients reported their pulmonary rehabilitation
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training records by mobile phone. The data of patients were
collected by research assi stants (those who did not know about
the grouping) at baseline and in the third and sixth months. The
study passed the ethical review of Wuxi Medical College of
Jiangnan University (JNU20190318IRB61) and was registered
with the Chinese Clinical Trial registry [ChiCTR1900022770].
The Consolidated Standards of Reporting Trials (CONSORT)
checklist isin Multimedia Appendix 1.

Recruitment Processes

From October 1, 2018, to October 7, 2019, patients were
recruited from the communities in Wuxi through leaflets,
posters, and face-to-face communication. The pulmonary
rehabilitation intervention was carried out. Theinclusion criteria
were aged 60 years and older, confirmed diagnosis of COPD
according to the diagnosis and treatment guidelinesfor chronic
obstructive pulmonary disease [19], forced expiratory volume
in 1 second (FEV 1)/forced vital capacity (FVC) ratio of <0.7,
FEV1<80% predicted, and use of WeChat for effective
communication. The exclusion criteria included patients with
mental disorders, cognitive disorders, and limb dysfunction;
patients with unstable heart disease or arrhythmia requiring
drug intervention; patients with a history of myocardial
infarction or cerebral infarction in the previous year; patients
too weak to perform the muscle strength test; patients with
hypertension that could not be controlled with drugs; and
patients with a history of syncope after exercise. Patients who
met the criteriasigned theinformed consent form. The baseline
datameasurement was organized by community doctors, nurses,
and research assistants, including sex, age, education level,
disease severity, and other demographic and sociological
information. The St George's Respiratory Questionnaire
(SGRQ), COPD assessment test (CAT), the modified Medical
Research Council scale (NMRC), and exercise self-regulatory
efficacy scale (Ex-SRES) assessments were completed.

Development of the Pulmonary Rehabilitation
I ntervention Program

Before the intervention, respiratory experts, clinicians,
rehabilitation practitioners, nurses, research assistants, software
engineers, user interface designers, and patients with COPD
formed a multidisciplinary team. The team discussed and
developed the pulmonary rehabilitation intervention program.
The core part of the intervention program included respiratory
training, diet guidance, medication knowledge, and exercise
training. The implementation of the intervention program was
divided into two types: PeR and outpatient FtF intervention.
Respiratory training included lip contraction breathing and
abdominal breathing. Diet guidance was to make a diet plan
according to the standard weight, physical labor intensity, intake
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proportion of three major nutrients (proteins, carbohydrates,
and lipids), and diet preference of patients. Medication
knowledge was health education of routine drug use. Exercise
training included upper extremity training, lower extremity
training, and balancetraining. Theintensity of exercisetraining
was determined and adjusted according to patients' target heart
rate and the score of conscious exertion. The target heart rate
was cal culated using the Karvonen formula, conscious exertion
was calculated using level 13 on the rate of perceived exertion,
and patients' dlight fatigue was the best exertion. Training
frequency was no less than 3 times a week, and training time
was 20 to 30 minutes each time. Patients chose their own time
of home-based pulmonary rehabilitation training. Within 3
months of pulmonary rehabilitation intervention, patientsinthe
PeR group reported pulmonary rehabilitation training at least
once a week through PeR, and patients in the traditional FtF
group reported once a week by telephone. The program was
adjusted according to patient reports of home-based pulmonary
rehabilitation training. Patientsin both groups were not required
to report their condition for 3 months during the rehabilitation
observation period.

Development of the Pulmonary Internet Explorer
Rehabilitation App

The focus group method was applied in this study. The
multidisciplinary team developed the functional modules of
PeR according to eCCM components and the corresponding
characteristics. The mapping table of PeR function module is
shownin Table 1. PeR isaWeChat official account for patients
with stable COPD. It uses the internet, mobile phones,
computers, and WeChat to achieve community pulmonary
rehabilitation for patients with COPD. The PeR includes two
ports: the computer end and the WeChat end. The computer
end is operated and managed by health professionals. Patients
with COPD can see the functional modules of PeR on the
WeChat termina (Figure 1). The purpose of developing PeR
was to allow more patients with COPD to receive pulmonary
rehabilitation using free social media and help primary health
institutions lacking rehabilitation resources reali ze the economic
intervention and management of COPD pulmonary rehabilitation
with the help of WeChat. PeR protects the privacy and data
security of patients through access control and permission
control, patient data transmission and anonymity, redundant
storage, and data backup. PeR has obtained the computer
software copyright registration certificate (M ultimedia A ppendix
2), and the intellectual property is protected by the State
Copyright Administration of the People's Republic of China.
A screenshot of the English version of the app is shown in
Multimedia Appendix 3.
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Table 1. Mapping table of the Pulmonary Internet Explorer Rehabilitation function module.

Components of the eCCM2 Characteristic PeRP function module
eCommunity « Participation, active, self-management o PeR moments
Communication and the addition of thecom- «  Communication, complete feedback «  Appointment for medical treatment
plete feedback loop «  Control over the timing « Medicd guidance
Clinical information systemsenhancements .  Register « Register log-in
« Database «  Rehabilitation effect database
«  Support access o  Sdf-report database
Self-management support enhancements «  Education (information) « Respiratory training
.  Behavior support (an aid to behavioral . Diet guidance
change) «  Medication knowledge
. Exercisetraining
« Integra mal

Add self-efficacy resource component «  Mastery experience « Respiratory training
« Alternative experience « Diet guidance
«  Verba persuasion «  Maedication knowledge
« Physiological and emotiona state « Exercisetraining
o Integra mall

%CCM: electronic health-enhanced chronic care model.
bPeR: Pul monary Internet Explorer Rehabilitation.

Figure 1. Functiona modules of Pulmonary Internet Explorer Rehabilitation on the WeChat terminal.

T;: &5 45

R experience, verbal persuasion, physiologica and emotional
Pulmonary Internet Explorer Renabilitation App state, and alternative experience). In PeR Moments, patients

Moments with COPD can upload their rehabilitation training pictures or
Theimplementation process on WeChat Momentswasdesigned  speeches. Other patients and health professionals can interact
according to the four resources of self-efficacy theory (mastery
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with them by commenting or giving thumbs up, thus promoting
not only peer support between patients but also communication
between doctors and patients. Moreover, an incentive system
was designed to encourage patients with COPD in their
participation. To illustrate, patients obtained scores by posting
PeR Moments, after which they could exchange prizes by
accumulating scores to a certain amount. Meanwhile, the
standardized pulmonary rehabilitation training patients shared
with the PeER Moment was set as an example to encourage
remaining patients to persist in training.

Appointment for Medical Treatment and M edical
Guidance

Patient baseline situations were measured by health care
personnel in community health centers, while professionals
(medical personnel in the multidisciplinary team) developed
the pulmonary rehabilitation program. After that, pulmonary
rehabilitation training of patients with COPD was initiated and
managed by professionals through PeR. Patients could get the
electronic pulmonary rehabilitation prescription in the medical
guidance module and contact nursing members online in the
same module if the training program needed to be adjusted.
When the disease worsened, patients could communicate with
nursing members after making an appointment. Nursing
members recommended appropriate professionals for further
treatment according to their condition.

Register Log-in, Rehabilitation Effect Database, and
Self-Report Database

PeR included aregistration center, rehabilitation effect database,
and self-report database. The rehabilitation effect database was
uploaded by aresearch assistant through acomputer at baseline
and after 3 and 6 months of testing. The self-report database
was completed and uploaded by patients themselves on the
WeChat end. Two community nurses were assigned by the
community hospital to manage all patient data. Patients could
browse and obtain all personal data in the database on the
WeChat end.

Respiratory Training, Diet Guidance, M edication
Knowledge, Exercise Training, and Integral Mall
The audio and graphic versions of the modules on respiratory
training, diet guidance, medication knowledge, and exercise

Figure 2. Patient log-in process.
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training function were designed by a multidisciplinary team.
Patients could choose different forms according to their own
preferences. Anintegral mall was designed to encourage patients
to generate network behavior so as to strengthen the function
of the PeR Moments. Supervision of rehabilitation training
behavior was increased to promote the maintenance of
rehabilitation training behavior.

Pulmonary Rehabilitation I ntervention

I ntervention Process of the Pulmonary Rehabilitation
Group

Beforethe start of pulmonary rehabilitation intervention, patients
first received face-to-face training from medical and health care
professionals. The training contents included how to obtain,
understand, and apply the intervention program of pulmonary
rehabilitation through PeR; how to complete self-report through
PeR; how to share their own pulmonary rehabilitation training;
and how to communicate and interact with peer patients and
health care professionalsthrough PeR. At the sametime, patients
received online training manuals. At the beginning, patients
registered and logged on to PeR. Hedth care professionals
evaluated patients, entered el ectronic pulmonary rehabilitation
prescriptions, and distributed training aids such as resistance
bands. Patients could view their electronic pulmonary
rehabilitation prescription in the medical guidance module and
the evaluation report in the rehabilitation effect database.
Patients completed the home-based pulmonary rehabilitation
training, completed the self-assessment report, and uploaded
their training records in Moments. Health care professionals
guided patients by reviewing the uploaded content. In the case
of acute exacerbation of apatient’s condition during this period,
one could get in touch with health care professionals through
the modul e of guidance and appointment for medical treatment,
who would arrange the medical treatment scheduleimmediately.
During the whole process of pulmonary rehabilitation
intervention, patients could earn giftsin the integral mall using
their own points and receive them in the third and sixth months
of retest evaluation. The patient log-in process in the interface
isshown in Figure 2.

Register login

Respiratory training
Diet guidance
Medication knowledge
Exercise training
Rehabilitation effect
database

Self-report database

® Appointment for
medical treatment
® Medical guidance

>| ® PeR moments
® Integral mall
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I ntervention Process of the Face-to-Face Group in the
Outpatient Department

Without using WeChat, the FtF group in the outpatient
department received the same intervention as the PeR group,
with the same pulmonary rehabilitation training equipment.
According to the different training objectives, patients in the
intervention and control groups all obtained one elastic band,
and the elastic grade of the elastic band was consistent with the
training objectives.

Follow-Up Process

The primary and secondary evaluation indexes were collected
at baseline and in the third and sixth months. Patients in the
intervention and control groups were tested separately face to
facein the community hospital. Three days before the retest of
each stage, the nurses in the community hospital informed
patients to participate in the retest. Patients in the intervention
group received an appointment reminder through PeR, and
patients in the control group were informed by mabile phone.
Patients reserved the right to withdraw from the study at any
time during the study period.

Demographic and Sociological I nformation

The demographic and sociological information of patients in
the intervention and control groups, including age, sex,
education level, disease severity, and body mass index (BMI),
were collected. A baseline comparison was then made.

Main Evaluation

CAT is a simple and easy-to-use health assessment tool for
clinical practice to help patients and clinicians evaluate the
symptoms and effects of diseasesin a quantitative manner and
to promote communication between patients and doctors. It
includes 8 items in total. Each item evaluates a state, such as
cough, expectoration, chest distress, energy, and so forth. Based
on the state described by each item, the score rangeis from the
best (score 0) to the worst (score 5). Thetotal CAT scoreisthe
sum of the scores of al items. The higher the total score, the
worse the patient’s health [20].

Secondary Evaluation

SGRQ can be used as an important tool to evaluate the
symptoms, pulmonary function, general well-being, and quality
of life of patients with COPD and the effectiveness of medical
services[21-23]. The scale contains 50 items, which aredivided
into 3 dimensions. symptom, activity, and influence. The score
of the scale is from 0 to 100, which is calculated by a certain
weight between the three subscales and the total scale. The
higher the score, the worse the health status of patients with
COPD. A scoreof Qindicatesthat the disease caused no damage
to a patient, and a score of 100 indicates maximum damage
[20].

Ex-SRES was devel oped based on motor disorders to evaluate
exercise self-efficacy [24]. Ex-SRES has 16 items reflecting
patient confidence to continue to exercise under the conditions
of bad weather, pain, exercise aone, busy, no support from
others, lack of oxygen, vacation, fatigue, and no desire to
exercise. Each item is measured with 1 to 10 points; 1 point
means no self-confidence and 10 points mean very high
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self-confidence. The higher the score, the higher the confidence
to keep exercising [24]. Ex-SRES is a single-factor structure
with good internal consistency; the Cronbach coefficient is
0.917 [24]. Studies showed that Ex-SRES positively influenced
adherence to regular exercisein patients with COPD [25].

MMRC is a questionnaire with 5 dimensions that provides a
measurement method for perceived dyspnea. It is divided into
0 to 4 points: 0 points means do not feel dyspnea generally
except for strenuous exercise; 1 point means short of breath
when fast-walking on flat ground or when going uphill; 2 points
meanswalking on flat ground slower than peers dueto shortness
of breath or having to stop walking to catch one's breath; 3
points means shortness of breath when walking on level ground
for 100 meters or several minutes; and 4 points means inability
to leave the room due to shortness of breath. The higher the
score of the scale, the more severe the dyspnea [26].

Sample Size

The minimal clinically important difference in CAT score was
0.5 points. Previous studies showed that it could be improved
by 2 points [19], and the estimated standard deviation was 4
points. With the test level of 0.05 on both sides and 80% test
efficacy, the sample size estimation method was used for each
group’s measurement data. When the sample number of each
group was equal, at least 31 cases were needed in each group.
According to the estimation of 15% dropout rate in the study,
at least 38 cases were needed in each group, and at least 76
cases were included in the sample size. The final sample size
was 106.

Data Analysis

The intention-to-treat analysis was used in the study. The
missing values of lost subjects used the last observation carried
forward for analyzing. SPSS Statistics version 20.0 (IBM Corp)
was used for data analysis, with the statistical significance set
at P<.05. Sex, course of disease, education level, smoking status,
and disease classification were analyzed using chi square tests.
Age and BMI were analyzed by independent samplest tests.
The changesin CAT, Ex-SRES, and mMRC scores in different
intervention time periods (0, 3, and 6 months) were studied
using the repeated measures analyses of variance. The paired
samplest test was used to analyze the SGRQ at baseline and 6
months after the intervention. The effect comparison between
the two groups in the sixth month used the difference between
before and after the intervention for independent samplest test
analysis. The intervention methods, intervention time,
sel f-efficacy, and interaction among the af orementioned factors
were analyzed using the regression modeling of the generalized
estimating equation (GEE) of autocorrelation work structureto
explorethe significance of thesefactorsinimproving the quality
of life of patients.

Results

Process of Recruitment and Research

The recruitment of patients with COPD started on October 1,
2018, and the process of follow-up was completed by October
7, 2019. Figure 3 showsthe CONSORT flowchart of this study,
which describes in detail the process of recruiting patients,
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implementation of structured intervention program, observation
effect, and loss to follow-up. During the study, 12 patients
dropped out, and the dropout rate was 11.3%. In the PeR group,
6 patients dropped out, including 3 patients who felt that
rehabilitation was of no use and dropped out immediately, 1

Figure 3. Consolidated Standards of Reporting Trials flowchart.
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patient who got worse, and 2 who moved to other places. Inthe
FtF group, 6 patients dropped out, including 2 patients who
moved to other places, 2 patients who got worse, and 2 patients
who felt rehabilitation was of no use.

Enrollment

Assessed for eligibility (n=205 ) ‘

Excluded (n=99 )

+ Not meeting inclusion criteria (n=8 )
+ Declined to participate (n=85 )

+ Other reasons (n=6 )

Randomized (n=106 )

l [ Allocation f

L

Allocated to intervention (n=53 )

+ Received allocated intervention (n=53 )

+ Did not receive allocated intervention (give
reasons) (n=0 )

{ Follow-Up

Allocated to intervention (n= 53 )

+ Received allocated intervention (n=53 )

+ Did not receive allocated intervention (give
reasons) (n=0)

Lost to follow-up (give reasons) (n=2 )

Discontinued intervention (give reasons)
(n=4 )

Analysis

J
Lost to follow-up (give reasons) (n=3 )

Discontinued intervention (give reasons)
(n=3)

Analysed (n=53)
+ Excluded from analysis (give reasons)
(n=0 )

Basic Demographic Char acteristicsand M easurements

No datistically significant difference was observed in
socioeconomic information and measurement at baseline (P>.05;
Table 2).

Main Evaluation I ndexes

CAT was used to evaluate the health status of patients. A
tendency to change in the CAT score was observed within 6
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RenderX

Analysed (n=53 )
+ Excluded from analysis (give reasons)
(n=0)

months (P=.001). The change trend of the CAT score over time
isshown in Figure 4. No difference was found between the two
groups (P=.53), and no interaction was ohserved between time
and groups (P=.98). Theresultsare shown in Table 3. The CAT
score in the two groups changed from baseline to the third
month, from the third month to the sixth month, and from
baseline to the sixth month (P=.002, P=.70, and P=.001,
respectively; Table 4).
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Table 2. Basic demographic characteristics and measurements of the two groups.
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Characteristics PeR2 group, (n=53) FtEP group, (N=53) Total, (n=106) X2(5¢) t (df) P value

Sex, N (%) — — — 0.06 (1) — 50
Male 44 (83) 43 (81) 87(82) — — —
Female 9(17) 10 (19) 19 (18) — — —

Age, mean (SD) 70.92 (6.38) 71.83 (7.60) — — -067(104) 51

BMIC, mean (SD) 22.21(352) 21.27 (2.36) — — 162(90.84) .11

Disease duration, n (%) — — — 0.05 (1) — >.99
<10 years 16 (30) 15 (28) 31(29) — — —
>10 years 37 (70) 38(72) 75 (71) — — —

Education status, n (%) — — — 3.58 (3) — 31
Primary school 12 (23) 13 (25) 25 (24) — — —
Middle school 15 (28) 22 (42) 37(35) — — —
High school 17 (32) 14 (26) 31 (29) — — —
Higher school 9(17) 4(8) 13(12) — — —

Smoking status, n (%) — — — 0.00 (2) — >.99
No 12 (23) 12 (23) 24(23) — — —
Exsmoker 35 (66) 35 (66) 70 (66) — — —
Current smoker 6(11) 6(11) 12 (12) — — —

Disease classification?, n (%) — — — 6.69 (3) — 08
GOLD I 27 (50.9) 20 (38) 47 (44) — — —
GOLD Il 15 (28.3) 27 (51) 42 (40) — — —
GOLD IV 11 (21) 6 (11) 17 (16) — — —

M easurements, mean (SD) — — — — — —
CAT® 21.79 (6.85) 22.55 (6.48) — — -058(104) .56
Ex-SRES 72.25 (38.38) 71.48 (40.76) — — 0.10 (104) 92
mMRCY 2.79 (0.66) 2.75(0.71) — — 0.28 (104) 78
SGRQ-&" 53.02 (19.90) 51.12 (18.63) — — 0.51 (104) 61
SGRQ-A 56.44 (23.96) 56.87 (22.47) — — -0.09 (1049 .93
SGRO-1) 45.82 (24.27) 44.92 (18.69) — — 0.22 (104) 83
SGRQ-T 50.24 (20.95) 49.57 (17.52) — — 0.18 (104) .86

3PeR: Pulmonary Internet Explorer Rehabilitation.

BFtF: face to face.
°BMI: body mass index.

dGOLD: Global Initiative for Chronic Obstructive Lung Disease; GOLD II: FEV1/FVC<70%, 50%<FEV1<80%; GOLD III: FEV1/FVC<70%,
30%=<FEV 1<50%; GOLD |V: FEV1/FVC<70%, FEV 1<30%.

ECAT: chronic obstructive pulmonary disease assessment test.
"Ex-SRES: exercise self-regulatory efficacy scale.

9mMRC: modified Medical Research Council scale.
hSGRQ-S: St George's Respiratory Questionnaire-System.
iSGRQ-A: St George's Respiratory Questionnaire-Activity.
jSGRQ—I: St George's Respiratory Questionnaire— nfluence.
kSGRQ-T: St George's Respiratory Questionnaire-Total.
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Figure 4. Chronic obstructive pulmonary disease assessment test score and its change over time.
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Table 3. Variation tendency of chronic obstructive pulmonary disease assessment test, exercise self-regulatory efficacy scale, and modified Medical
Research Council scale scoresin the two groups.

Item and group CAT? Ex-SRES” mMRC®

Fi3 P vaue Fi3 P vaue Fi3 P value
Time 7.78 .001 21.91 <.001 29.64 <.001
Group 0.39 .53 0.23 .63 0.00 >99
Timexgroup 0.02 .98 2.02 14 0.8 43

8CAT: chronic obstructive pulmonary disease assessment test.
bEX-SRES: exercise self-regulatory efficacy scale.
°mMRC: modified Medical Research Council scale.
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Table 4. Comparison of chronic obstructive pulmonary disease assessment test, exercise self-regulatory efficacy scale, modified Medical Research
Council scale, and St George's Respiratory Questionnaire scores between the two groups before and after intervention.

Outcomes Baseline After intervention (3 After intervention (6 Fi 52 (P value)
months) months)
CAT®
PeRY group, mean (SD) 21.79 (6.85) 20.98 (6.99) 20.85(7.11) 3.70 (.02)
FtF© group, mean (SD) 22.55 (6.49) 21.75 (6.25) 21.70 (6.69) 4.17 (.02)
F,f (P value) 10.14 (.002) — — —
Fo9 (P value) — 0.15(.70) — —
Fa" (P value) — — 12.80 (.001) —
Ex-SRES
PeR group, mean (SD) 72.25 (38.38) 85.36 (33.18) 80.53 (37.72) 17.22 (<.001)
FtF group, mean (SD) 71.48 (40.76) 78.49 (33.94) 78.25 (35.40) 6.47 (.008)
F1 (P vaue) 54.10 (<.001) — — —
Fy (P value) — 3.99 (.05) — —
F3 (P value) — — 14.12 (<.001) —
mMRC!
PeR group, mean (SD) 2.79 (0.66) 2.51(0.72) 2.40 (0.79) 14.73 (<.001)
FtF group, mean (SD) 2.75(0.70) 2.58 (0.69) 2.36(0.71) 15.77 (<.001)
F1 (P vaue) 21.54 (<.001) — — —
Fy (P value) — 14.06 (<.001) — —
F3 (P value) — — 43.97 (<.001) —
SGRQ-S
PeR group, mean (SD) 53.02 (19.90) — 4359 (23.63) 3.59 (.001)
FtF group, mean (SD) 51.12 (18.63) — 45.33 (22.25) 2.89 (.006)
t' value (P value) — — -1.10(.27) —
SGRQ-A™
PeR group, mean (SD) 56.44 (23.96) — 48.74 (24.28) 3.01 (.004)
FtF group, mean (SD) 56.87 (22.47) — 53.46 (23.06) 2.89 (.006)
t value (P value) — — -1.53(.13) —
SGRQ-I"
PeR group, mean (SD) 45.83 (24.27) — 33.27 (22.86) 3.89 (<.001)
FtF group, mean (SD) 44.92 (18.69) — 38.63 (21.88) 3.65 (.001)
t value (P value) — — -1.71(.09) —
SGRQ-T°
PeR group, mean (SD) 50.24 (20.95) — 39.66 (20.92) 4.06 (<.001)
FtF group, mean (SD) 4957 (17.52) — 44.24 (19.90) 3.84 (<.001)
t value (P value) — — —1.78 (.08) —

a 1,3+ repeated measures analysis of variance.
bt3; 6 months compared with baseline.

CCAT: chronic obstructive pulmonary disease assessment test.
9PeR: Pul monary Internet Explorer Rehabilitation.
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CFtF: face-to-face.

fFlz 3 months compared with baseline.

9F,: 6 months compared with 3 months.

hF3: 6 months compared with baseline.

IEx-SRES: exercise self-regulatory efficacy scale.

JmMRC: modified Medical Research Council scale.
kSGRQ-S: St George's Respiratory Questionnaire-System.
It: comparison among groups.

MSGRQ-A: St George's Respiratory Questionnaire-Activity.
"SGRQ-I: St George's Respiratory Questionnaire—I nfluence.
OSGRQ-T: St George's Respiratory Questionnaire-Total.

Secondary Evaluation I ndexes

SGRQ was used to eval uate the symptom, activity, and influence
of patients. Table4 showsthat the SGRQ-S, SGRQ-A, SGRQ-I,
and SGRQ-T scores in the PeR group were improved from
baseline to the sixth month (P=.001, P=.004, P<.001, and
P<.001, respectively). The SGRQ-S, SGRQ-A, SGRQ-I, and
SGRQ-T scores in the FtF group were improved (P=.006,
P=.006, P=.001, and P<.001, respectively). In the sixth month,
no significant difference was found between the measured value
and the baseline value of SGRQ-S, SGRQ-A, SGRQ-I, and

Jang et d

SGRQ-T in the two groups (P=.27, P=.13, P=.09, and P=.08,
respectively).

Ex-SRESwas used to eval uate the patient sense of self-efficacy.
A tendency to change in the CAT score was noted within 6
months (P<.001). The change trend of the Ex-SRES score over
time is shown in Figure 5. No difference was found between
the two groups (P=.63), and no interaction was observed
between time and groups (P=.14). The results are shown in
Table 3. The Ex-SRES score in the two groups changed from
baseline to the third month, from the third month to the sixth
month, and from baseline to the sixth month (P<.001, P=.05,
and P<.001, respectively; Table 4).

Figure5. Exercise self-regulatory efficacy scale score and its change over time.
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mM RC was used to eval uate the status of dyspnea. A tendency
to change in the CAT score was observed within 6 months
(P<.001). The change trend of the mMMRC score over time is
shown in Figure 6. No difference was found between the two
groups (P>.99), and no interaction was noted between time and
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groups (P=.43). The results are shown in Table 3. The MM RC
score in the two groups changed from baseline to the third
month, from the third month to the sixth month, and from
baseline to the sixth month (P<.001, P<.001, and P<.001,
respectively; Table 4).
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Figure 6. Modified Medical Research Council scale score and its change over time.
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Factorsof Methods, Time, and Exercise
Sdf-Regulatory Efficacy Scale Effects on Primary
Outcome

Table 5 shows the analysis results using GEE. Only the
Ex-SRES had a significant effect on the CAT score (P=.03),
but the intervention method and time had no significant effect

on the CAT score (P=.48 and P=.84, respectively). The partial
regression coefficient of Ex-SRES to CAT was 0.81, and Exp
(B) was 2.24. Interaction between intervention methods and
Ex-SRES; interaction between intervention methods and
intervention time; interaction between Ex-SRES and intervention
time; and interaction among intervention methods, Ex-SRES,
and intervention time had no statistically significant effect on
the CAT score (P=.13, P=.85, P=.09, and P=.08, respectively).

Table 5. Anaysis of the influence of intervention methods, intervention time, and self-efficacy on patients' quality of life using the generalized

estimating equation.

Parameter B SE Wald P value Exp (B)
Constant -1.62 0.33 24.33 <.001 0.20
Intervention methods -0.25 0.35 0.49 48 0.78
Ex-SRES? 0.81 0.38 463 .03 2.24
Intervention time -0.07 0.35 0.04 .84 0.93
Intervention methodsxEx-SRES 0.75 0.49 2.34 A3 212
Intervention methodsxintervention  0.10 0.51 0.03 .85 110
time

Ex-SRESxintervention time 0.97 0.56 2.96 .09 2.64
Intervention methodsxEx- -1.86 1.05 3.16 .08 0.16

SRESxintervention time

%Ex-SRES: exercise self-regulatory efficacy scale.

Discussion

Principal Findings

It is feasible and effective to implement PeR pulmonary
rehabilitation based on the eCCM and self-efficacy theory to
help patients with COPD relieve dyspnea symptoms, improve
their self-efficacy, and improve their quality of life. The effect
was the same as that of the face-to-face intervention.

Three months after the intervention, patient improved CAT
scores maintained a subsequent effect and the mMMRC scores
continued to improve. Meanwhile, the EX-SRES scores
decreased after the peak in the third month instead of a
subsequent effect, but it was still an improvement compared
with before the intervention. All dimensions and total SGRQ
scores of patients improved at the end of the intervention.

http://www.jmir.org/2020/4/e17089/
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Patient Ex-SRES scores correl ated with CAT scores. Moreover,
the improvement in health was 2.24 times higher in patients
with high Ex-SRES scores than in those with low Ex-SRES
Scores.

Remote technology can be used for information support,
information storage and management, telemonitoring, and
teleconsultation. Common mobile health technologies include
personal computers, tablets, smartphones, and so forth [27,28].
According to the review by McCabe et a [29], the
self-management intervention of patients with COPD using
mobile technology could improvethe quality of life and activity
level of patients, and the effect could be maintained for aperiod
of time. However, research by Vorrink et a [30] showed that
the eval uation and telemonitoring of physical activity, functional
exercise ability, hedth-related quality of life, and other
indicators of patients with COPD using smartphones and
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websites could not improve the self-efficacy of patients. Thus,
it isevident that telemonitoring alone cannot improve the health
status of patients.

For patientswith COPD, the increase in exercise ability and the
changein adaptive behavior arethe premisesto improve patient
health conditions[31]. In aprevious study, patients were taught
the skills of pulmonary rehabilitation training face to face, and
health education content was provided to them. In addition,
their training behaviors were evaluated, persuaded, and
strengthened using short messaging service. Theresults showed
that patients' self-efficacy, dyspnea symptoms, and quality of
lifewereall improved [32]. Therefore, for patientswith COPD,
sports training should be considered as the core of pulmonary
rehabilitation program and behavior intervention.

In this study, the incentive function of the integral mall was a
way to promote behavioral change and maintenance. In addition,
gamification is agood principle. The study by Tabak et al [33]
showed that, through telemedi cine, gamification strategies could
increase patients motivation for behavioral change and promote
their active lives. This study applied the WeChat official account
to carry out pulmonary rehabilitation intervention along with
management and provided a pulmonary rehabilitation program
centered on sports training for patients with COPD at home.
During the process of implementation, the behaviora
intervention aimed at enhancing self-efficacy could be realized
through the design of WeChat's functional structure and the
application of remote technology.

Many studies suggested that self-efficacy was a key cognitive
(motivational) factor in adopting and maintaining
self-management behaviors [34,35]. Zarski et al [36] proposed
that the systematic development of planning skills and the
maintenance of self-efficacy before or during internet-based
interventions would help participants successfully complete
treatments. Schwarzer’s health action process approach points
out that self-efficacy plays an important role in improving and
maintaining health behavior [37]. Self-efficacy is a predictor
of health and quality-of-lifeimprovement in patients undergoing
pulmonary rehabilitation [38].

This study was based on four kinds of information sources
proposed by Bandura, mastery experience, alternative
experience, verbal persuasion, and good physiologica and
emotional state, to promote the establishment of patient
self-efficacy beliefs. Through the function modules of
respiratory training, diet guidance, medication guidance, and
sports training, patients could master the knowledge and skills
of pulmonary rehabilitation, which could be defined as an
information source related to mastery experience. Peer support
and doctor-patient communication were promoted through
comments and thumbs up interactions in Moments, which not
only strengthened the frequency of information source
stimulation of verbal persuasion but also built a good virtual
social support system for patients home-based rehabilitation
training. The presentation of successful casesin Momentscould
construct an alternative experience. On account of the positive
incentive function in the integral mall, patient confidence in
completing thetraining could be strengthened and agood mood
could be maintained. During the construction of the environment
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inthe aforementioned individual action, social and psychological
support environment realized a constantly strengthening
behavior intervention process. Further, with the convenience
of amobileterminal acrosstime and space, patientswith COPD
could continue to receive the stimulation of information sources
in their daily life and gradually cultivate the confidence of
persisting inlong-time sportstraining. This study combined the
strategy of behavior intervention in sociology with the content
of telemedicine intervention to provide substantive medical
services, making it a new telemedicine service model with
warmth and humanistic care. Besides, such research production
could provide inspiration for the application of remote
technology combined with cognitive behavioral intervention
strategiesin COPD.

The systematic review by Cruz et al [39] showed that patient
perceived difficulties was the reason for the failure to adhere
to pulmonary rehabilitation during telemedicine intervention.
Thus, organizing more training courses would help patients
accept and use remote intervention technology. In this study,
preintervention training was used to solve the problem—that is
to say, patientswere not proficient in technical operation skills.
In addition, appointments and medical guidance could integrate
medical resources. Patientswho were far away from each other
could access PeR through free social media and then join the
pulmonary rehabilitation program. Thiswas consistent with the
concept of making pulmonary rehabilitation an available and
affordable project proposed by the World Health Organization
[40]. Thanks to the network advantage and easy operation of
PeR, the response time of health care professionals was
shortened, which helped promote complete feedback between
professionals and patients.

The development of internet and mobile devices has promoted
the development of telemedicine. Most of the telemedicine
technologies applied in countries with developed medical
resources intended to telemonitor and manage patients with
COPD are expensive, such as remote monitoring systems [39],
robots [41], and electronic health systems [42]. Remote
technology applied in this study was a WeChat official account
developed with certain functions. Due to a large number of
patients with COPD in China, some technical and financial
limitations <till exist in realizing intelligent pulmonary
rehabilitation management based on the internet. The number
of active users of WeChat in China has exceeded 697 million
[43]. WeChat isawidely used and free app on mobileterminals,
anditsfunctionissimilar to that of Facebook [43]. The WeChat
app has a positive impact on health behavior. By acquiring
information provided on WeChat, health knowledge can be
increased, and the ability of public health decision making and
action can be improved. The results of a survey indicated that
97.68% of respondentsread health information through WeChat
[44]. In this study, the network platform based on WeChat was
used to implement pulmonary rehabilitation intervention.
WecChat is an important information access port for users on
mobile terminals. It can redlize the interaction and
communi cation between devel opers and subscribers by pushing
graphics, video, and audio through multimedia[45]. At the same
time, this study also guaranteed patient privacy and data security
by conducting technical strategy, confidentiality agreements,
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and patient coding. Using free social media to carry out
pulmonary rehabilitation intervention and management can
provide areferencefor similar service projectsin countrieswith
resource shortages.

App Design

The development of telemedicine technology should be a
processof interdisciplinary integration. A previous study showed
that the continued participation of multiple stakeholders and
users was critical to the design and development of successful
eHealth solutions [46]. Participants with a multidisciplinary
context have different resources and experience, and thus they
can innovate and improve the existing service model. At the
same time, the user-centered design concept enables the
developers of telemedicine technology to give priority to
patients needs, which helps developers establish specific app
functions and hardware as early as possible [47]. The existing
methods for user-centered design include workshops and focus
groups, paper prototyping, sketching, thinking aloud, scenarios,
storytelling, interviews and field studies, questionnaires, and
other methods [48]. In this study, respiratory experts, clinicians,
rehabilitation practitioners, nurses, research assistants, and
patients with COPD all participated in the process of
devel opment and application of PeR. Through the establishment
of focus groups, the views of different stakeholders were
absorbed and intervention content was determined along with
the presentation form of PeR (graphic, audio, video, background
color, font, font size, etc).

Theresults of the systematic review showed that the technol ogy
acceptance theory and its basi ¢ behavior theory could be applied
to the acceptance research of telemedicine [49]. At present,
technology acceptance models are commonly used. They
evaluate the availability and acceptance of telemedicine
technology using usefulness cognition, ease-of-use cognition,
and use intention [50]. However, they do not mention how to
carry out behavioral intervention strategies in the process of
designing the functional structure of remote technology, which
may obviously affect patients’ acceptance of remote technology.
The eCCM used in this study is a theoretical model of
telemedicine intervention proposed by Gee and colleagues[17]
based on the CCM. The model includes 8 interdependent and
interactive parts. the eCommunity and an informatics
framework, health system enhancements, delivery system design
enhancements, self-management support enhancements, clinical
decision support enhancements, clinical information systems
enhancements, addition of eHealth education to the CCM, and
communication and addition of the complete feedback loop
[17]. A systematic review showed that the implementation of
the CCM in primary care could significantly improve the
medical effect on patients, improve the quality of life of patients,
and reducethe social burden [51]. Evidence showed that eHealth
tools could be used to enhance patient self-management
behaviors, revise the CCM, and support effective interaction
between patients and providers to improve health outcomes
[52,53]. Through the components of the eCCM, this study
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expounded its core characteristics, constructed the functional
structure of PeR, and combined the behaviora intervention
strategy with theimplementation process. The results confirmed
the effectiveness of PeR in improving patient dyspnea
symptoms, quality of life, and self-efficacy.

The evaluation design of the intervention effect is a necessary
part of the health service project design. The multidimensional
quality-of-life questionnaire is an efficient evaluation tool in
the process of remote intervention. During the course of this
study, 82% of patients were tired of using SGRQ and willing
to use CAT. Although SGRQ is reliable and effective, it has
many items and complex scoring methods, and therefore its
widespread use in clinical work is difficult [54,55]. SGRQ is
divided into 3 dimensions, with atotal of 50 items and along
evaluation time. However, CAT has only 8 questions, with a
short evaluation time. CAT is simple and easy to operate,
providing a reliable measurement of the COPD health status.
CAT and SGRQ have been shown to have a good correlation
[56]. In this study, all patients were aged over 60 years. The
numerous items of the questionnaire increased the difficulty of
implementation. This suggested that patient personal experience
of the assessment tool should be taken into account when
choosing the online self-report effect assessment tool; aconcise
and effective assessment tool isthe best choice. The combination
of convenient, effective, and reliable effect eval uation methods
and mobile health isasolution worth considering in telemedicine
service.

Limitations

This study had some limitations. The sample size was small,
and the main participants were patients with COPD in China.
Hence, data on other races were lacking. Consultation during
theimplementation of the study may affect the use of PeR, such
as the immediate response and extended response time of
medical professionals. Despite the best efforts to ensure
consistency, the implementation process can till be affected
by inevitable factors. All outcomes of the study were
self-reported. Thisis one of the limitations of this study, but it
made sense because the study referred to a self-management
tool. The clinical outcomes will be addressed in the next study.

Conclusions

This study used PeR to intervene and manage the pulmonary
rehabilitation of patients with COPD at home, which could
effectively improve their sense of self-efficacy and quality of
life and also dleviate their symptoms. The implementation of
PeR confirmed that the eCCM combined with behavioral
strategy intervention, based on the self-efficacy theory, could
be realized using remote technology. During the application of
remote technology, it is worth considering how to construct a
free platform that can integrate resources into daily life,
especidly in the field of COPD and other chronic diseases.
Moreover, in the development process of remote technology,
we should pay attention to the transformation of theoretical
models and combine behavioral intervention at the same time.
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Abstract

Background: Digital technologies have amagjor impact on the daily lives of young people and are also used to seek information
on and help with drug-related issues online.

Objective: Theaim of this article wasto analyze current onlineinterventions for young drug usersin Slovenia, with the purpose
of contributing to the development of guidelines and key recommendations for effective online interventions.

Methods: This study was part of the project Click for Support. We performed a keyword search, received input from national
experts in the field of drug prevention, and conducted an assessment of recognized national online interventions through
workshop-based discussions with the target group of 20 young drug users.

Results: The current online intervention servicesin Slovenia are satisfactory but are still not sufficiently recognized. The most
important issues for young drug users were the design and functionality of the online intervention, presence of a clear structure,
possibility of using it on smartphones, comprehensive and quick professional feedback, and data security. Playful elements and
the ability to share (experiences) with other or former users were also recognized as important.

Conclusions: With effective online interventions, we can include more young drug users, facilitate access to a more affordable
service, provide quick professional feedback on patterns of consumption, increase knowledge about the effects and consequences
of drugs, and support the reduction or cessation of drug use. From the public health perspective, it is challenging to provide drug
interventions broadly to the target group and, hence, decrease inequities.

(J Med Internet Res 2020;22(4):€17688) doi:10.2196/17688
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[3]. Social networks have also changed with the development
of the internet [4]. Furthermore, the increased popularity and
capabilities of the internet have led to a revolution in the
provision of health-related information and treatment [5].

Introduction

The growth of social media and increasing popularity of
interactive social media platforms [1] have revolutionized
methods of communication and influenced theway interactions

Public health strategies and policies addressing issues of illicit
are handled [2]. Most members of the younger generation are

drug use in Europe are heterogeneous [6]. Traditional public

extremely quick to seize opportunities for participation in the
new, freely accessible and low-cost model of new technologies

http://www.jmir.org/2020/4/e17688/

health and clinical interventions, with the central role of health
professionals and passive role of patients [7], cannot fully
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address this need due to resource constraints, limited access to
ahard-to-reach population, and other factors. These conditions
have spurred innovative approaches to health education and
promotion [8]. Because digital technologies such astheinternet
and smartphone apps have a major impact on the daily lives of
young people, there is a greater possibility that young people
will search for drug-related assistance online. Approximately
95% of North Americans, 68.9% of the populations of Australia
and Oceania, and 85.2% of Europeans usetheinternet [9]. The
United Nations Office on Drugs and Crime describes the use
of illicit drugs as a complex health condition that has social,
psychological, and biological dimensions and consequences
[10].

Online interventions, or web-based interventions (WBIs), are
defined as a professional service for selective prevention that
is delivered via the internet; includes interactive elements,
computer-assisted behavior therapies, education, prevention,
and information interventions; and providesindividual feedback
for young drug users [11,12]. It is possible to deliver
interventions to large numbers of people at relatively low cost
and ensure that the intervention is accessible 24 hours a day.
Therefore, itisavailable at critical moments, enables anonymity,
increases engagement through the use of interactive methods
such as video streaming and sharing resources, is economic to
run and maintain, and can effectively change health risk
behaviors and their determinants [13-15]. Young people with
a pattern of drug use can be considered experimental and
problematic and are not reached currently. WBIs can offer
specialized servicesin rural areaswhere distances are too great
for easy access to drug treatment centers, which are often
concentrated in urban areas. WBIs could also prove to be a
cost-effective way of providing support to a larger number of
clients than traditional treatment centers, which have limited
capacity and human resources[16]. Interventions provided over
theinternet can overcometraditional barriersto accessing health
services [17]. With wide reach and user engagement, social
media tools offer a phenomenal opportunity to use social
interactions to engage young people in behavior change
interventions and to foster socially supportive communitiesfor
quitting [18] abuse of illicit substances. These techniques are
perceived as reliable, efficient, and able to provide users with
useful information and skills, although several aspects require
further, in-depth assessment [7]. Online interventions should
provide easy access to young people, especialy those who
would not seek help or advice in aconventional way and cannot
be reached through traditional approaches. Another reason why
online interventions should be used in day-to-day preventive
work istherecent devel opment of new psychoactive substances
(NPS), the so-called “legal highs” According to the European
Monitoring Centre for Drugsand Drug Addiction (EMCDDA),
there is a general lack of services in the European Union
addressing young illicit drug users [11]. As Mounteney et al
[19] reported, the purchase of alow threshold over the internet
istypical for NPS, as the internet facilitates the movement of
products, money, and information across global borders. Social
mediaalso playsarolein facilitating the interaction, advertising,
and marketing of NPS.

http://www.jmir.org/2020/4/e17688/
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According to Caudevilla[7], WBI also has limitations, as an
onlineforum provides very limited information compared with
genuine persona interviews and mediation. Many drug users
do not want to enquire about traditional health services because
of the possibility of being evaluated or the fear of a
professional’s moral prejudices.

There is enough evidence on the effectiveness of online
interventions in mental disorders [20-22], harmful alcohol
consumption [15,23-34], and smoking [13,18,35-37], whereas
the literature is not as cohesive in the field of illicit drugs.
Meta-analyses have shown that online mediation has a clear
positive effect on the reduction of cannabis use [38-40]. These
findings are supported by the evaluation of the Quit the Shit
project, which records very positive results in reducing the
frequency and quantity of cannabis use [41]. Despite the
potential for reaching drug users online, the number of quality
intervention choices is still limited, and their effects have not
been evaluated sufficiently [42]. In many parts of the world,
services designed for drug users simply do not exist.

Theaim of thisarticlewasto analyze the current online services
for young drug users in Slovenia, with the purpose of
contributing to the development of guidelines for effective
online interventions and to increase the awareness of the
importance of online counseling in preventive work with young
drug users.

Methods

The study was a part of the project Click for Support,
coordinated by the Landschaftsverband Westfalen-Lippe
LWL-Coordination Office for Drug-Related Issues, Minster,
Germany, and the National Institute of Public Health of RS as
a partner. The project consisted of several phases. First, we
reviewed and evaluated online interventions according to
predetermined EMCDDA quality criteria, followed by
workshops and surveys conducted with young drug users.
Finally, key recommendations, or guidelines, for developing
effective WBIs were designed. Based on the results of the
guestionnaire and group discussion and to reach consensus on
the final key recommendations, we conducted two rounds [14]
of an online Delphi study method to structure the group
communication process [43], with the help of 90 external
experts. The experts identified strategies and provided
recommendations for effective WBIs.

The target group was 20 young people between the ages of 15
and 21 years (average, 17.1 years) with risky consumption of
illicit drugs and who had problems with illegal drugs — either
previously or at the time of the study [11] (Table 1). Most of
the participants smoked cannabis, and some used cocaine,
heroin, ecstasy, or amphetamines. Participants were users of
the Program Centre for Drug Prevention in Maribor and had
been sent to the Program Centre from different institutions
including schools and organizations. Some of the participants
were long-term Program Centre users, some were just
experimenters, and some were sent from schools for a quick
intervention.
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Table 1. Age and gender distribution of the 20 workshop participants.

Tomazic & Jerkovic

Characteristic n (%)
Agegroup, years
<14 0(0)
14-15 4 (20)
16-17 8 (40)
18-21 8 (40)
>21 0(0)
Gender
Male 11 (55)
Female 9 (45)

To determine the current knowledge of WBIs and their use by
young drug users, research was performed using a keyword
search (intervention, prevention, offer, new psychoactive drugs,
legal highs, illegal drugs, cannabis, cocaine, heroin, app,
website, smart phone, internet, social media, chat, forum) and
by inquiry among national expertsin the field of drugs.

The study was prepared according to the following EMCDDA
quality criteria:

1. Interventions should be web-based (eg, websites, apps, or
socia media app).

2. Interventions should include interactive elementsthat require
the user to do something actively to receiveindividual feedback.

3. Interventions should be professional services (ie, not smple
chats between consumers).

4. The target group should be young drug consumers.
5. The focus should be onillicit drugs, ideally NPS.

6. The effectiveness of the intervention should have been
evaluated scientifically.

To show to which extent the criteria were met by the included
services, the interventionswere ranked according to the number
of criteriathey fulfilled (“A” for onecriterion, “AAAAAA” for
all 6 criteria) [11].

The next phase was the assessment of national online
interventions with the inclusion of the target group. The first
part of the survey addressed the general interest of young people
to use WBIs and their prior knowledge and experience with
these WBIs, including which elements they had already used.
In addition, participants were asked whether anything was
missing from the WBIs and which devices they would use to
access online services. In the end, the participants were asked

http://www.jmir.org/2020/4/e17688/

to state what features the WBI should have and what kind of
information is important. In the section dealing with specific
national WBIs, participants were asked whether they wanted to
use the app and which specific partsthey would use. They were
invited to evaluate the attractiveness and usefulness of the
serviceon ascaefrom 1to 10, stating which aspectsthey liked.
They were al so asked whi ch aspects needed improvement, what
they thought the specific service was missing, and, finaly, if
they would recommend the app to their friends [11]. It is
important to gather ideas to motivate users to remain on the
website. We suggest incorporating interactive features, such as
educational games, fun appsthat attract the user to the website,
and, of course, consultant feedback. Counselors are expected
to have a high level of competence; be kind; give a sense of
security, confidence, and motivation; foster a personal
connection; and be open. Further, we suggest counseling without
a moralizing attitude, but with an attitude that accepts and
motivates users. The target group rejects services that promote
strict abstinence as the only possible goal, and, consequently,
they will not return to such awebsite.

Participation in the survey and workshop was free and
anonymous. The minimum age was 15 years, so we did not
request specia permission from parents or guardians.
Participants were provided a verbal explanation of the course
and goal of the research within the project and were provided
anonymity. Any data requiring identification of persons could
not be included. Participants were offered the opportunity to
participate in bowling as an incentive.

Results

Results of the Expert Rating of Existing Online
I nterventions

In Slovenia, 3 websites met the criteria, 1 of which already met
the transitional criterion to include expert advice (Table 2).
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Table 2. Rating of web-based interventions according to the European Monitoring Centre for Drugs and Drug Addiction criteria.

Intervention Criteria Rating?

12 2P 3¢ g4 58 6 Online since URL
DrogArt A A A A A AAAAA 2006 (Reduser app, 2013)  https.//www.drogart.org/
Med.over.net A A A AAA 2000 https://med.over.net/
Thisisme A A A AAA 2001 http://www.tosemjaz.net/

8 nterventions should be web-based (eg, websites, apps, or social media apps).
B nterventions should include interactive elements that require the user to do something actively to receive individual feedback.
CInterventions should be professional services (ie, not simple chats between consumers).

HThe target group should be young drug consumers.

®The focus should be on illicit drugs, ideally new psychoactive substances.

"The effectiveness of the intervention should have been evaluated scientifical ly.

9A indicates it met one criterion, while AAAAAA meansit met 6 criteria

The website for the DrogArt program includes the associated
Reduser app, which represents a rather new approach. It is an
interactive tool for self-help that can be used to reduce use of
or quit substances. In this app, users record their consumption
patterns (consumer logs), feelings, desires, activities, and goals.
They can also contact expertsfor help. With Reduser, providers
are striving to help reduce user stressin the situations they face
with drugs as well as the stress of their relatives and friends.
Expert feedback is available on the DrogArt website via email,
apps, forums, Facebook, Skype, and conventional consulting
[44]. The target group includes all types of illicit drug and
alcohol users, especially high school and university students
and people who use club drugs and cocaine.

The website for the Med.Over.Net program answers questions
about a healthy lifestyle, exercise, and nutrition; raises
awareness on these topics, and offers advice. The website
contains information and contacts of experts and institutions
that can provide help and advice. Expert feedback is provided
through a forum, where experts act as moderators, always
encourage usersto get help or initiate therapy, and remind them
of the effects and consequences of drug use. They also enable
communication with medical doctors and professionals [45].
The target group also includes drug users, regardless of their

age.

Thewebsite for the To semjaz (“Thisisme”) community deals
not only with the topic of drugs but also all the issues that are
important during adolescence, in particular, good self-esteem.
Its purpose is to provide youngsters with anonymous, quick,
and free accessto expert advice from professionalsin medicine,
psychology, and social work. The website offers information
primarily intheform of aforum for questionsthat are answered
by experts. The issues discussed include the side effects of
drugs, desires and fears to test substances, feelings under the
influence of drugs, and the length of time some medicines may
remain in the body or organism [46]. The target group includes
adolescents 13-17 years old, especially high school students.

Reactionsto Web-Based I nterventionsand the Rating
of Existing Online I nterventions by the Target Group

All 20 adolescents from the target group completed a
guestionnaire during the workshops. This evaluation of the
onlineinterventionsreveal ed that alarge percentage of thetarget
group did not use online interventions, although 85% (17/20)
werestill interested in the use of the selected WBIs. Therewere
positive responses to many parts of the selected WBI's, such as
the quality and overall provision of information, design, and
possibility of interacting with other users (Table 3).

Table 3. Results of the workshop discussion with the target group of adolescents.

Response or issue DrogArt Med.over.net Thisisme
Number of participants who would 15 (75) 13 (65) 9 (45)

like to try the website, n (%)

Number of participantsinterestedin 18 (90) 17 (85) 16 (80)

information about drugs, n (%)

Overall attractiveness of thewebsite Websiteis attractive

Website is not attractive (advertising

Website is attractive, especially for

is disturbing) younger users
Most attractive feature of theweb-  Set up and structure Quality of the information Set up and structure
site
Effectiveness of the website Seems to be effective Does not seem to be effective Seems to be effective
Number of participants who would 15 (75) 8 (40) 7(35)

recommend it to others, n (%)
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The most important issuesfor the young peoplein the workshop
discussions were the design; a clear structure; functionality,
especialy the possibility of using the service on smartphones;
professional feedback; and data security. Comprehensive and
objective information was essential for the target group that
accepted the offer. Young people do not want to be lectured,
but they need to be encouraged and motivated to change the
pattern of drug use. Two of the 3 WBIs sought to incorporate
some playful elements, such as quizzes and games, and the
ability to share with other (former) users[11].

Results of the Delphi Study

The 90 international experts included project partners,
individuals from the project’s Linkedin network, and other
European experts. They voted anonymously about
recommendations for the development and implementation of
online interventions that had not yet gained consensus among
the project partners. Thus, key recommendations were made
regarding the development and implementation of online
interventions [11].

Based on the questionnaire responses, feedback from the young
peoplein the discussions, and the Del phi study (see also Jander
et al [14] and Nedleet a [47]), our key recommendationsrelate
to technical aspects, interactive elements, reaching young drug
users, motivation to use the intervention, and evaluation.

For the technical aspects, it is necessary to include experts,
clearly lay down provisions, ensure anonymity and data
protection in accordance with European Union legislation, and
ensure that the setup of mobile versionsis user-friendly.

Interactive elements should include entertainment elements,
support elements that are as interactive as possible, quizzes,
tests, apps, games, blogs, self-tests, animations, and video clips.

To reach young drug users, provide a recognizable offer or
uniqueform; include special elements, accessthrough Facebook,
access through YouTube, and personal recommendations; and
set up a promotion through the organization’s links and links
from other organizations, making sure to include the target
group in the promotion.

Provide motivation to use the intervention through the
intervention’s structure and usability, content, mode of
presentation and attitude, communication between the user and
consultant, and transparency.

Make sure to evaluate the effectiveness of the intervention, by
planning the process of evaluation from the beginning. Collect
data and feedback regularly, and include the target group in the
process.

Discussion

Principal Findings

Existing online interventions in Slovenia provide enough
information to young people about illicit drugs, including the
effects and risks of drug use, preventive measures, and
professional advice to motivate drug users to reduce their
consumption and seek help. However, the results of the
guestionnaire and feedback from the workshop discussions

http://www.jmir.org/2020/4/e17688/
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provide information on young peopl€'s needs and, at the same
time, what should be avoided during the development of such
interventions to increase their use among young drug users.
Various interactive elements, such as self-testing, games,
structured intervention programs, quizzes, chat functionality,
forums, and email functionality, are recognized as very
important [11]. The different participant characteristics in this
study that could influence their answers, such as selection of
young drug users from the ongoing program at the Centre for
Addiction Prevention in Maribor, different statuses of drug use
(former and current users), different ages, and the concern of
some about being revealed as a drug user must be taken into
account. There are practically no drug usersthat only use NPS;
they typically use NPS in combination with traditional drugs,
such as cannabis or cocaine. The legal statuses of these drugs
are different.

Existing onlineinterventions show significantly positive results
in reducing the use of cannabis, tobacco. or alcohol. According
to Sindinovic et a [48], over the past decade, treatment
providers and policy makers have increasingly recognized the
potential of web-based self-help. Therefore, it isrecommended
that online interventions are also explored for other illicit drug
users. It seems that many factors drive change and the
development of medicines on the internet. Most of the factors
are connected with technology, globalization, and market
innovations. Drug markets have become hybrid markets that
combine traditional structures of social and economic
opportunities with new opportunities offered by the internet
[49]. Theinternet makesit possibleto dramatically increasethe
number of peoplewho can access hedlth care, thereby achieving
significant progressin health, among both the popul ation without
previous access to health care and general public [50]. Social
media can also provide opportunities for creating online
communities that support recovery from drug addiction [2].

Given the high level of internet usein Western societies, digital
interventions have the potentia to reach adol escents everywhere,
especialy in areas where physical facilities are rare, such as
rural communities[16]. Digital interventions can be transmitted
and promoted via various channels, such as email-based
advertising campaigns aimed at risk groups, including graduates
of higher education, military recruits, students in the first year
of tertiary education, and unemployed young people in work
centers; online advertising via social media, search engines, or
music and video sharing sites; mobile advertising via SMS or
MMS; mobile apps; and other sources of information (eg, press,
television, radio) [39].

Onlineinterventions generally face some criticism for using the
internet as a health communication medium. Online
communication cannot offer specific and complex forms of
personal communication and assistance, which is particularly
needed in the therapeutic environment and especially for
problematic drug users. Lack of personal contact could increase
existing problems because socially isolated people can
participate in anonymous internet services potentially without
improving their social position. In addition, it is difficult for
participants to determine the reliability of a global consultant
or online treatment in general .
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Peoplewith alack of computer skillsor literacy would generally
be excluded [9]. The cost-effectiveness of developing online
services must be considered. Although apps are likely to bethe
most successful if they aretargeted at avery specific group, the
devel opment of technology for small groupsisnot cost-effective
and, therefore, unlikely to be a priority.

Considering the rapid technological process and new
developmentsin thefield of illicit drugs, it is very important to
remain current in terms of new technol ogies and content. Funds
should be reviewed and updated regularly, to ensure that they
remain attractive and meet the needs of modern youth. The
development and implementation of effective online
interventions require considerable budget, staff, and network
resources. |n addition, the use of the guidelines depends on staff
who have experience with modern technology and social media.
A minimum of experience and, moreimportantly, awillingness
to use these technologies are essential when planning to use a
WBI [11]. Given these trends, it is not surprising that there has
been significant interest in Europe devoted to the development
and implementation of interventions and digital solutions
delivered through computer and mobile technologies within
European hedlth care systems [51]. However, when we talk
about reducing the use of illicit drugs, we cannot overlook the
fact that it is necessary to reduce a number of factors that lead
to drug use, such as poverty, lack of education, unemployment,
poor parenting, and bad skills [52]. By understanding why
individuals choose to consume the drugs, within the social and
cultural context, we can begin to engage in truly helpful
conversations about how to reduce drug-related harm [53].
Furthermore, governments should play an active role in
strengthening the prevention of illicit drug use through the
enforcement of legidlative measures to deter access to illicit
drugs; inclusion of illicit drug and heath education in the
curricula of secondary schools, higher secondary schools, and
universities; financing of the evaluation of prevention programs
and dissemination of piloted programs at the national level;
promotion of community programs; and promotion of the
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exchange of good practices, guidelines, and quality standards
at national and international levels. Long-term strategies should
be implemented based on cooperation between government
ingtitutions, academic  institutions,  non-governmental
organizations, and mass media[54].

Conclusions

With effective online methods, we could reach a large number
of young drug users, facilitate access to more affordable
services, provide a quick response or professional feedback on
patterns of consumption, increase knowledge about the effects
of drugs and their consequences, and support reduction or
cessation of drug use. The guidelines, developed as a product
of the results of our survey (and surveys from other partners),
could improve and increase the effectiveness of existing online
services or enable the development of new services designed
especialy for drug users.

It seemslikely that WBIswill continueto develop and that their
importancewill increase. The speed at which theinternet permits
the transformation of the drug market will continue to be the
main challenge for law enforcement and public health research
and monitoring [55]. From the public health perspective, it is
challenging to provide such interventions more broadly to the
target group and, hence, decrease inequities.

Future Directions

Although technologies and platformsfor accessing interventions
viasmartphones and tabl ets are evolving rapidly, the anonymity
and protection of data related to the transmission of drug use
data on the internet remain a real concern [56]. These issues
should be addressed fully in the further development of these
measures, because these measures are an excellent basis for
developing practical and relevant guidelines for implementing
effective online interventions for selective prevention.

Furthermore, based on these findings, thereisarecognized need
to extend the research regarding the effectiveness of WBI
implementation in daily prevention work.
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