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Abstract

Background: Medication adherenceisanimportant but highly complex set of behaviors, which for life-threatening and infectious
diseases such as HIV carry critical consequences for individual and public health. There is growing evidence that mobile phone
text messaging interventions (mHealth) connecting providers with patients positively impact medication adherence, particularly
two-way engagement platforms that require bidirectional communication versus one-way in which responses are not mandatory.
However, mechanisms of action have not been well defined. The Behavior Change Wheel is a comprehensive framework for
behavior change that includes an al-encompassing model of behavior known as Capability Opportunity M otivation-Behavior
and is complemented by ataxonomy of behavior change techniques. Evaluating mHealth interventions for medi cation adherence
using these tools could provide useful insights that may contribute to optimizing their integration into the healthcare system and
successful scaling-up.

Objective: This study aimed to help address the current knowledge gap regarding how two-way mHealth interventions for
medication adherence may work by applying the Behavior Change Wheel to characterize Wel Tel: an interactive digital health
outreach platform with robust evidence for improving adherence to antiretroviral therapy.

Methods: To characterize how WelTel may promote medication adherence, we applied the Behavior Change Wheel to
systematically (1) generate a behavioral diagnosis through mapping known antiretroviral therapy adherence barriers onto the
Capability Opportunity Motivation-Behavior model of behavior, (2) specify the behavior change techniques that Wel Tel delivers,
(3) link identified behavior change techniques to corresponding intervention functions of the Behavior Change Wheel, and (4)
connect these behavior change techniques and intervention functions to respective Capability Opportunity M otivation-Behavior
influences on behavior to determine potential mechanisms of action.

Results: Our evaluation of WelTel using the Behavior Change Wheel suggests that most of its impact is delivered primarily
through its personalized communication component, in which 8 different behavior change techniques were identified and linked
with 5 intervention functions (environmental restructuring, enablement, education, persuasion, and training). I1ts mechanisms of
action in promoting antiretroviral therapy adherence may involve addressing all Capability Opportunity M otivation-Behavior
influences on behavior (physical and psychological capability, physical and social opportunity, reflective and automatic motivation).
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Conclusions: Systematically unpacking the potential active ingredients of effective interventions facilitates the creation and
implementation of more parsimonious, tailored, and targeted approaches. Evaluating Wel Tel using the Behavior Change Wheel
has provided valuable insights into how and why such interactive two-way mHealth interventions may produce greater impact
than one-way in addressing both nonintentional and intentional forms of nonadherence. The application of the Behavior Change
Wheel for evidence synthesis across mHealth interventions targeting various conditions would contribute to strengthening the

knowledge base regarding how they may work to impact medication adherence behavior.

(JMIR Mhealth Uhealth 2018;6(4):€87) doi: 10.2196/mheslth.9187
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Introduction

Medication Adherencelsa Significant Global
Challenge

In chronic disease management worl dwide, only 50% of patients
on average adhere to their prescribed long-term therapies [1].
Medication adherence is an important, but highly complex set
of behaviors, which for life-threatening and infectious diseases
such as HIV carry critical consequences for individua and
public health. Adherence to antiretroviral therapy (ART) for
peopleliving with HIV combats chronic infection through viral
suppression, optimizes an individual’'s immune recovery,
mitigates drug resistance, and reduces odds of viral transmission
[2-4]. Viral suppression achieved through adherenceis essential
for achieving global “90-90-90" targets declared by the Joint
United Nations Programme on HIV/AIDS: by 2020, 90% of all
peopleliving with HIV will know their status, 90% of all people
diagnosed as HIV-positive will receive uninterrupted ART, and
90% of al people taking ART will achieve vira suppression
[5]. However, suboptimal ART adherence is not uncommon,
and redlizing the full benefits of ART requires considerable
effort for many [6]. Concerted efforts over the past two decades
have been geared toward specifying effective interventions for
ART adherence globally [6,7]; however, efforts to distil active
intervention ingredients remain largely absent. Given that
medication adherence is often subject to multilevel influences
beyond the individual, investigating mechanisms of action
through which interventions may promote this behavior
facilitates the delivery of systematically created and targeted
approaches. Understanding and specifying the potential
underlying mechanismsbehind effectiveinterventionsiscritical
for design improvement and successful wide-scale
implementation.

Certain mHealth Interventions may Offer a Solution

Mobile phoneinterventionsfor promoting health (mHealth) are
becoming increasingly available, and several interventionsaim
to improve medication adherence across various disease states
[8,9]. Among people living with HIV, the World Health
Organization recognizes text messaging in their current
guidelines as an evidence-based intervention for encouraging
ART adherence [10]. However, no distinction has been made
between the varioustypes of applicationsthat exist. In particular,
two-way versus one-way engagement platformsare significantly
different from each other; the former implies an expectation of
patient-provider communication, whereas the latter simply
prompts reminders and instructions without mandatory patient
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feedback. Two-way text messaging is thought to be more
effective compared with one-way for inducing ART adherence,
and this distinction has important implications on the usage of
text messaging for chronic disease management [9,11]. Policy
makers in control of health care expenditure may attempt to
promote cost saving through spacing clinic visits further apart;
therefore, interactive mHealth interventions potentially offer
cost-effective and essential touch points between these visitsto
keep patientsengaged in care[12]. In addition, they may prompt
the self-management of issuesasthey occur in atimely manner.
Furthermore, such interventions can benefit both patients and
health care providersin more resource-limited contexts through
addressing demand-side and supply-side challenges that exist
in service delivery. Interactive two-way mHealth engagement
can help aleviate such health care system strain and improve
its efficiency through focusing on patients who are in the most
need of care at any given time, while promoting the
individualized downstream care pathway that may include
tailored patient-provider communication beyond text messaging.

Ambiguity Exists Today Regarding how mHealth
Interventionsfor Medication Adherence Work

Although there is growing quantitative evidence that two-way
text messaging is superior to one-way for improving medication
adherence, there remainsasignificant knowledge gap asto why.
Mechanisms of action behind these interventions are currently
unspecified. Consequently, this lack of insight may contribute
to future challengeswith regard to integrating such interventions
into health services, and ultimately scaling them up. Attaining
strong foundational knowledge of how the intervention
influences adherence behavior may contribute to maximizing
implementation success. In the context of HIV, similar
sentiments have been shared in a systematic review focused on
unpacking group-based ART adherenceinterventionsto describe
how they may work [13].

WelTd is an example of an interactive two-way mHealth
intervention that has been shown to improve self-reported 95%
ART adherence and viral load suppression rates, as demonstrated
by amultisite randomized clinical trial conducted in Kenya[14]
and further validated in Canada [15]. Délivery of the digital
health outreach platform included a weekly automated text
message saying “How areyou?’ (“Mambo?’ in Kiswahili), and
the patient was obliged to respond accordingly. If the patient
replied “problem” (“ Shida” in Kiswahili) or was unresponsive,
acare provider initiated afollow-up and personalized care was
given.
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Figure 1. Behavior Change Wheel (image spelling has been modified, based on Michie S et a [18]).
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Objective

The primary objective of this study was to investigate and
specify WelTel's potential mechanisms of action using a
comprehensive and evidence-based theory of behavior change
framework. The Behavior Change Wheel (BCW) (Figure 1)
provides a systematic approach to designing and evaluating
interventions, and has been devel oped through the synthesis of
19 existing behavior change frameworks [16]. It characterizes
an array of intervention functions (broad strategiesfor inducing
the target behavior) and policy functions (ways to support and
implement these strategies) that can be used within awiderange
of contexts. Specifying linkages between intervention functions
and influences on the target behavior reveals appropriate
strategies for potentially bringing upon change [16]. A
complementary behavior change taxonomy further elaborates
upon these intervention functions in terms of many specific
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behavior change techniques (BCTs) [17]. Moreover, the BCW
highlights the importance of taking into account multilevel
influences on behavior through incorporation of the Capability
Opportunity Motivation-Behavior (COM-B) model of behavior
(Figure 2).

Using WelTel as a case study, our goal was to help address the
current research gap regarding the qualitative evidence of
two-way mHealth interventions for improving medication
adherence.

Methods

In our evaluation of WelTel using the BCW and its
complementary taxonomy of BCTs, 4 steps were required to
systematically determine the intervention’s potentia
mechanisms of action for improving medication adherence
(Figure 3).
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Figure 3. Determining potential mechanisms of action of an intervention using the Behavior Change Wheel (BCW).

Identify barriers to medication adherence using the
COM-B model of behavior

*  Map out known barriers to medication adherence
onto the Capability Opportunity Motivation —
Behavior (COM-B) model of behavior to
formulate a behavioral diagnosis of the problem
(medication nonadherence)

J

Specify the behavior change techniques (BCTs) of the

*  Code the written text description of the
intervention using the BCT Taxonomy (v1)
complementary to the Behavior Change Wheel

v

Link identified BCTs to their intervention functions

*  Use existing BCW guidelines (Multimedia
Appendix I) to link BCTs specified in Step 2 to
their respective intervention functions (broad
strategies for bringing upon change: ie, education,

J

Step 1
intervention
Step 2
Step 3
persuasion)
Step 4 :

Link identified BCTs and respeciive intervention
JSunctions to influences on behavior to specify
polential mechanisms of action

Use existing BCW guidelines (Multimedia
Appendix I) to link intervention functions
specified in Step 3 to their respective influences
on behavior (as specified by the COM-B model
of behavior)

Step 1: Identify Barriersto Medication Adherence
Using the Capability Opportunity M otivation-Behavior
(COM-B) Model of Behavior

A behavioral diagnosis of ART nonadherence was formulated
through the application of the COM-B model of behavior.
Known barriers to ART adherence that exist within various
countries have been specified in a systematic review [2]. Nine
of them considered to be globally relevant were chosen and
mapped onto COM-B to reveal influences on behavior that are
potentially associated with nonadherence. This process enabled
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us to gain insight into what needs to change for the target
behavior of adherence to occur.

The COM-B model of behavior comprisesthe core of the BCW,
encompassing capability, opportunity, and motivation as the
influences on behavior, illustrating the potential interactions
between them and the resultant behavior [16]. According to this
theory, capability, opportunity, and motivation all need to be
present for any behavior to occur, and each component can
influence it independently of one another as well as
synergistically [18]. Capability is related to one having the
psychological (required knowledge and skills) and physical
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capacity to engage in the behavior. Opportunity is divided into
physical (associated with the external environment) and social
(ie, cultural norms and interpersona influences) factors that
promote or impede behavior within the individua [16].
Motivation encompasses al brain activity that provokes
behavior, including automatic (ie, emotions, wants and needs,
and habits) and reflective (ie, belief systems, plans, and
evaluations) processes [16].

Step 2: Specify the Behavior Change Techniques of
the Intervention

BCTs delivered by WelTel were characterized using the BCT
taxonomy version 1 (BCTTv1). A BCT has been defined as an
“observable, replicable, and irreducible component of an
intervention designed to change behaviour and a postulated
activeingredient within theintervention” [18]. An intervention
protocol or manual is typically reviewed to provide the most
elaborate description of what it entails. In our evaluation, the
WelTel system’s user manua was chosen for analysis, as it
provides the most detailed information about the intervention.
Furthermore, BCT identification occurred through
semistructured discussions within a study team including key
stakehol derswho have previously collected user feedback from
the Wel Tel platform. During the process of specifying BCTS,
all discrepancies were resolved by consensus.

The BCTTv1 servesto characterize an array of behavior change
interventions using a standardized language [17]. In the
eva uation of established interventions, their delivered content
can be specified, synthesized, and linked to the BCW to reveal
their intervention functions in order to provide insight into
possible active ingredients and mechanisms of action [17]. Upon
application, the relationships between the specified BCTs and
intervention effectiveness can be investigated; the BCTSs that
may or may not be effective at changing behavior in addition
to other ones not currently being delivered by the intervention
have the potential to become identified.

Step 3: Link Identified Behavior Change Techniques
to Their Intervention Functions

Identified BCTs were connected with their respective
intervention functions, or broad strategies for bringing upon
behavior change, as characterized by the BCW. This process
was directed by guidelines provided by the creators of the BCW
(Multimedia Appendix 1) that list the BCTs associated with
each of the 9 intervention functions.

Step 4: Link Identified Behavior Change Techniques
and Respective Intervention Functionsto Influences
on Behavior to Specify Potential Mechanismsof Action

To specify potential mechanisms of action, identified BCTsand
respective intervention functions were connected to influences
on behavior according to the COM-B model (capability,
opportunity, and motivation). We followed guidelines provided
by the creators of the BCW (Multimedia Appendix 1) that link
intervention functionsto COM-B influences on behavior; only
those thought to be rel evant to our study context wereincluded.
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Results

Step 1: Identify Barriersto Medication Adherence
Using the Capability Opportunity M otivation-Behavior
(COM-B) Model of Behavior

Formulating a behavioral diagnosis (Multimedia Appendix 2)
by mapping out 9 known globally relevant ART adherence
barriers onto the COM-B model hasrevealed that all influences
on behavior (physical and psychological capability, physical
and socia opportunity, and automatic and reflective motivation)
may beassociated with ART nonadherence, validating the notion
that bringing upon this change in behavior is highly complex.
The magjority of these barriers were linked to more than one
COM-B influence on behavior, with reflective motivation and
automatic motivation being the most recurring. This implies
that both intentional and unintentional forms of nonadherence
commonly co-exist within the general adult population.
Furthermore, barriersrelated to alack of social opportunity (ie,
fear of revealing HIV statusto family/friends because of stigma
and competing priorities) may be appropriately mapped out
onto both reflective and automatic motivation. This suggests
that facilitating social opportunity could also promote the latter
COM-B influences on behavior simultaneously, and this
association could even contribute to inducing ART adherence
synergistically.

Step 2: Specify the Behavior Change Techniques of
the Intervention

Upon coding the Wel Tel manual using the BCTTv1 (Multimedia
Appendix 3), one BCT was identified for the intervention’s
automated text message component and specified as a
prompt/cue. In contrast, 8 different BCTs were identified for
its personalized communication component delivered in
responseto receiving patient feedback of aproblem. Thesewere
specified as follows: (1) prompt/cue, (2) unspecified social
support, (3) reduce negative emotions, (4) credible source, (5)
natural consequences, (6) emotional social support, (7) practical
social support, and (8) instruction on howto performa behavior.

Step 3: Link Identified Behavior Change Techniques
to Their Intervention Functions

The one BCT identified for WelTel’s automated text message
component was linked to one intervention function
(environmental restructuring; Multimedia Appendix 3). In
contrast, the 8 BCTs identified for its personalized
communication component were linked to 5 intervention
functions (environmental restructuring, enablement, education,
persuasion, and training; Multimedia Appendix 3).

Although the latter component of the intervention appears to
be more comprehensive, each of itsintervention functions (broad
strategiesfor bringing upon behavior change) can be elaborated
upon in terms of several other different BCTs that were not
identified in our evaluation (Multimedia Appendix 1).
Furthermore, no BCTs were linked to other intervention
functions characterized by the BCW (specifically incentivization,
coercion, and modeling). These types of strategies may also be
ones to consider given the complexity of ART adherence, as
demonstrated by the behavioral diagnosisgenerated in thisstudy
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(Multimedia Appendix 2). This suggests that the design of the
current intervention could be modified accordingly to potentially
have a greater impact on ART adherence.

Step 4: Link Identified Behavior Change Techniques
and Respective Intervention Functionsto Influences
on Behavior to Specify Potential Mechanismsof Action

On the basis of our evaluation, Wel Tel’s potential mechanisms
of action in promoting ART adherence have been specified as
the intervention’s ability to: (1) influence one's opportunity
(both physical and social) and automatic motivation through
environmental restructuring and enablement: the delivery of an
externd trigger, aswell as socia support, to facilitate adherence
behavior; and (2) influence one’s capability (both physical and
psychological), opportunity (both physical and socia), and
motivation (both automatic and reflective) through education,
persuasion, training, and enablement: the ddivery of
health-related information and social support to facilitate
adherence behavior.

Discussion

Contribution to Behavioral Science Research

In the light of the current literature, this is the first paper to
demonstrate how acomprehensive and evidence-based behavior
change framework can be applied to an existing two-way
mHealth intervention. Wel Tel hasrobust evidence for improving
ART adherence [19]; therefore, it serves as an optimal means
for evaluation using the BCW, an all-encompassing theory that
can be appropriately applied worldwide [18]. Our evaluation
has systematically revealed its potential mechanisms of action
in addressing all influences on behavior regarding ART
adherence. This has been specified by the COM-B model of
behavior that encourages the critical multilayer examination of
the behavior at theindividual, interpersonal, and system levels,
whereas other established behavioral theories may potentially
missimportant driversasnot all of these levels of influence are
considered.

One-Way Versus Two-Way mHealth I ntervention
Strategies: Distinguishing Between Them With Regard
to Targeting Nonintentional Nonadherence and
Intentional Nonadherence

The application of COM-B highlightstheimportant differences
between unintentional and i ntentional medi cation nonadherence
with regard to their influences on behavior [20,21]. In the
context of taking ART daily, unintentiona medication
nonadherence is often considered simply forgetting to perform
the behavior. This factor is related to one’'s automatic
motivation, described as “processes involving emotional
responses, desires (wants and needs), impulses and reflex
responses’ [18]. In contrast, intentional nonadherenceisrelated
to purposeful deviation of the behavior that is associated with
reflective motivation, defined as “involving self-conscious
planning and evaluations (beliefs about what is good or bad)”
[18]. Although they stem from different sources of motivation,
both forms of nonadherence are not mutually exclusive from
each other, and thus often exist in any oneindividual prescribed
chronic disease treatment (such as ART) over the course of

http://mhealth.jmir.org/2018/4/e87/

Chiang et d

treatment [22,23]. This reality emphasizes the need for
adherence-promoting strategiesthat are multifaceted and target
different COM-B influences of behavior.

The distinction between nonintentional and intentional
medication adherence behavior is important to consider
designing and evaluating interventions. It can provide an
explanation as to why interventions solely focused on
self-prompting and one-way medication reminders often have
failed to show significant impact in clinical trials. Thislack of
effect has been shown in a randomized control trial using an
alarm device for promoting ART adherence[24], in addition to
a systematic review evaluating technology-based self-care
strategies for improving ART adherence [25]. Moreover, in a
systematic review of various mobile technology-based
interventions across chronic disease states beyond HIV (ie,
diabetes and hypertension), it has been implied that simple text
message reminders on their own have modest benefits for
influencing adherence [26]. The application of the BCTTv1 for
the purpose of eval uating such interventionswould likely reveal
that the primary BCT being delivered by them is a prompt/cue
linked appropriately with the intervention function
environmental restructuring. Connecting this specification with
COM-B would indicate that this particular function likely has
the potential to only influence one’'s physical opportunity
(providing a trigger to perform the behavior) and automatic
motivation (habit formation through reflex response). Limited
effects on other influences on behavior relating to adherence
would be expected, including the intervention’s ability to impact
one'sreflective motivation, psychological capability, and social
opportunity. Therefore, one-way reminder-based interventions
may bring upon behavior change with regard to nonintentional
nonadherence, but they are unlikely to influence intentional
nonadherence. This has been echoed in a meta-analysis
comparing one-way versustwo-way text message interventions
for medication adherence across disease states [9].

Furthermore, it isuseful to distinguish between simple two-way
text messaging and more complex interactive two-way
communication that provides open-ended, enhanced follow-up
support tailored to patients’ needs[27]. The former is only one
component of the WelTel intervention; however, a recent
network meta-analysis that evaluated al types of interventions
for HIV adherence globally has classified WelTel as a short
messaging service (text message) intervention only [6]. An
in-depth analysis of Wel Tel has reveal ed acomprehensive blend
of mechanisms behind its digital health outreach platform for
promoting ART adherence, thus differentiating itself from other
mHealth applications considered one-way in nature and other
forms of two-way communication that provide arelatively low
degree of social support and personalized care. Through
consistent weekly automated text messaging and subsequent
provider follow-up by phoneif patients report aproblem or are
nonresponsive, Wel Tel is postulated to deliver avariety of BCTs
that comprehensively induces ART adherence. The automated
text message component of the intervention is hypothesized to
primarily influence on€’s physical opportunity and automatic
motivation. More importantly, the personalized, interactive
patient-provider communication component may have the
potential to impact all influences on behavior (physical and
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psychological capability, social and physical opportunity, and
reflective and automatic motivation). Through application of
the science of behavior change, we have been ableto strengthen
the qualitative evidence base for how interactive two-way
mHealth interventions may impact both nonintentional and
intentional nonadherence.

Limitations of Our Evaluation Using the Behavior
Change Whee

There were several limitations in using the BCW to evaluate
the mHealth intervention. First, coding of an intervention is
limited by its documented description (ie, an intervention
protocol or manual). Although this method promotes
transparency and data validation by external reviewers,
information about what the intervention delivers in terms of
BCTs may not be captured to its entirety. For example,
encouraging self-monitoring and goal setting could potentially
be BCTsdelivered independently by the provider upon patient
follow-up using the WelTel platform. Evaluating a detailed
provider-patient communication log could help determine the
presence of such BCTs, and thus contribute to further specifying
WEelTel’s behavior change mechanisms.

Second, using the BCTTv1 to characterize the mHealth
intervention resulted in some ambiguity because of its varied
interpretation. In our evaluation, we were uncertain whether or
not to code its automated text message component (“Mambo?”’
or “How are you?') as a prompt/cue and unspecified social
support, or solely the former. Given WelTel’s personalized
communication component for delivering tailored individual
care, we decided whatever social support that may be conveyed
in the automated text message component would be relatively
insignificant. Authors of an mHealth intervention evaluation
for smoking cessation have expressed similar sentiments, given
the brevity of its text message content and consequently less
meaning to draw upon [28]. To address limitations of the
taxonomy, one suggestion has been to modify the BCTTv1 for
mobile technology—based interventions as opposed to using a
generalized classification system for all types of behavioral
interventions [26].

Third, behavior change outcomes depend heavily on the
patient-provider relationship, which the BCW is unable to
account for. Interventions (for medication adherence and
retention in care) that prioritize patient confidentiaity of HIV
status and promote the development of trusting relationships
would reduce barriers to their implementation [29,30]. The
benefits of personalized care have been echoed in [31] and
highlighted in ameta-analysis examining one-way and two-way
mHealth interventions for promoting ART adherence [11].
Regular two-way interaction allows for more opportunity to
build rapport; therefore, the presence of relatively strong social
support (greater enablement) through patient-provider
communication by phone would be postulated to enhance the
delivery of the BCTs specified in our evaluation.

Overdll, the BCW can help to specify what the intervention
deliversin terms of content; however, more research is needed
to gain a better understanding of other intervention dimensions
that play arole in influencing medication adherence (ie, who
deliversit, messaging frequency), and how respective processes
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of change may occur. Another consideration is the behavioral
facilitators and barriers that may exist with regard to using the
intervention itself. Identifying influences on user engagement
with Wel Tel may elucidate facilitators and barriers at the patient
and provider levels, such as comfort level with using the
technology and the provider's style of communication, in
addition to knowledge base. It would be wise to identify
significant user facilitators and barriers before scaling up the
intervention to further optimize its integration into the health
care system. The importance of describing user feedback has
been emphasized in the mHealth evidence reporting and
assessment (MERA) checklist: recent guidelinesthat have been
created to improve the quality of evidence for mHealth through
providing acomprehensive and standardized way to report these
interventions [32].

Generalizability of Our Findings

Although WelTd’s digital outreach strategy is thought to
address ART adherence more comprehensively than one-way
text message engagement platforms, it cannot be assumed that
its proposed mechanisms of action would translate across all
HIV-positive populations worldwide. A systematic review
examining various ART adherenceinterventions have concluded
that behavioral interventions producing a positiveimpact in one
setting may not trandlate to other populations because of
differences in economic, social, and behaviora barriers to
adherence [33]. Such barriers including poverty and mental
health comorbidities commonly co-exist in various contexts,
and addressing these issues through respective integrative
servicesaongside public health HIV interventions may increase
implementation success of the latter [34].

Furthermore, it is uncertain if WelTel’s proposed mechanisms
of action are generalizable across other chronic disease states.
Beyond aiming to promote ART adherence globally and within
different populations [13,14,35], WelTel is currently being
tested and evaluated for impact on HIV retentionin care[36-38],
in addition to medication adherence behaviors across other
health conditions such as tuberculosis and asthma [39-41].
Arguably, interventions based on a thorough understanding of
its target behavior in context will have greater potential for
impact. Upon specifying the underlying mechanisms of
medication adherence and nonadherencein agiven environment,
it may be possible to map out the potential value of a Wel Tel
approach. In addition, the mechanisms of action of the
intervention may vary by context, and thus the expansion of
WEel Tel to other chronic conditions (as well as target behaviors
beyond medication adherence) will require future validation
work.

Implicationsfor Future Research: Our Call to Action

It has been emphasized that replication, implementation, and
evidence synthesis are required to gain a more in-depth
understanding of behavior change mechanismsand to establish
a growing qualitative knowledge base for informing the
development of interventionsthat have greater impact [17]. We
hope that our evaluation of the WelTel mHealth service using
the BCW is repeated in a similar manner by other researchers
involved with mHealth interventions for promoting medication
adherence across various disease states and populations. Given
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the BCW's established common language of behavior change
across interventions, such widespread application of the
framework would serve to identify the commonalities and
differences between their postulated effects, or lack of. Repeated
application would eventually serve to synthesize the current
evidence in a systematic manner, and help build a stronger
foundation asit rel ates to specifying how and which combination
of BCTs likely have a positive impact, and which ones have
minimal influence on medication adherence. With this collective
insight, the design of mHealth interventions could be modified
accordingly to improve population health outcomes.

Conclusions

Imposing the BCW onto WelTel has systematically revealed
its potential mechanisms of action for improving ART
adherence, while deepening our understanding that it may

Acknowledgments

Chiang et d

address all influences of this behavior: capability (physical and
psychological), opportunity (physical and socid), and motivation
(reflective and automatic). Our evaluation has revealed that
interactive, two-way mHealth interventions may deliver a
combination of BCTsthat are more likely to capture thisto its
entirety compared with one-way mHealth interventions, which
may only affect automatic motivation and physical opportunity.
This has strengthened the evidence base for how and why a
two-way design may be more effective than a one-way design
at addressing both nonintentional and intentional forms of
nonadherence. The application of the BCW for evidence
synthesis across mHealth interventionstargeting various chronic
diseases would contribute to strengthening the knowledge base
regarding how they may work to impact medication adherence
behavior.

The authors would like to thank Kirsten Smillie for participating in the semistructured discussions geared toward specifying
WEelTel’s BCTs. This publication has been funded with support from the Michael Smith Foundation for Health Research Scholar
Award (RTL) and Canadian Institutes for Health Research Foundation Award.

Conflictsof I nterest

RTL has founded Wel Tel International mHealth Society (a nonprofit organization) and Wel Tel Inc (a company) to help develop
and scale the technologies to deliver the research-based services and has an interest in both organizations.

Multimedia Appendix 1
Intervention functions: linkages with BCTs and COM-B.

[PDFE File (Adobe PDF File), 30KB-Multimedia Appendix 1]

Multimedia Appendix 2
Behavioral diagnosis of ART nonadherence.

[PDE File (Adobe PDF File), 97K B-Multimedia Appendix 2]

Multimedia Appendix 3

Evaluating Wel Tel: characterizing its delivered BCTs, linking them to their intervention functions and COM-B.

[PDE File (Adobe PDF File), 108KB-Multimedia Appendix 3]

References

1.  World Health Organization. Consolidated guidelines on the use of antiretroviral drugs for treating and preventing HIV
infection: recommendations for a public health approach. Geneva, Switzerland: WHO; 2013.

2. MillsEJ, Nachega JB, Bangsberg DR, Singh S, Rachlis B, Wu P, et al. Adherence to HAART: a systematic review of
developed and devel oping nation patient-reported barriers and facilitators. PLoS Med 2006 Nov;3(11):e438 [FREE Full
text] [doi: 10.1371/journal.pmed.0030438] [Medline: 17121449]

3. Bérnighausen T, Chaiyachati K, Chimbindi N, Peoples A, Haberer J, Newell ML. Interventions to increase antiretroviral
adherence in sub-Saharan Africa: a systematic review of evaluation studies. Lancet Infect Dis 2011 Dec;11(12):942-951
[FREE Full text] [doi: 10.1016/S1473-3099(11)70181-5] [Medline: 22030332]

4.  Mannheimer S, Hirsch-Moverman Y. What we know and what we do not know about factors associated with and interventions
to promote antiretroviral adherence. Curr Infect DisRep 2015 Apr;17(4):466. [doi: 10.1007/s11908-015-0466-9] [Medline:

25860778]

5. Joint United Nations Programme on HIV/AIDS (UNAIDS). 90-90-90 - An ambitioustreatment target to help end the AIDS
epidemic. Switzerland: Joint United Nations Programme on HIV/AIDS (UNAIDS); 2014. URL : http://www.unaids.org/
sites/default/files'media_asset/90-90-90_en 0.pdf[WebCite Cache ID 60 QNCmNp]

http://mhealth.jmir.org/2018/4/e87/

JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4| €87 | p. 8
(page number not for citation purposes)


https://jmir.org/api/download?alt_name=mhealth_v6i4e87_app1.pdf&filename=03abcd9043db52b3ae74eb4bc3edb6ca.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i4e87_app1.pdf&filename=03abcd9043db52b3ae74eb4bc3edb6ca.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i4e87_app2.pdf&filename=39dbe8a9f06df75955ddd1fd979b2417.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i4e87_app2.pdf&filename=39dbe8a9f06df75955ddd1fd979b2417.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i4e87_app3.pdf&filename=fff56a0eb0eb7f269900ba64a05a5b87.pdf
https://jmir.org/api/download?alt_name=mhealth_v6i4e87_app3.pdf&filename=fff56a0eb0eb7f269900ba64a05a5b87.pdf
http://dx.plos.org/10.1371/journal.pmed.0030438
http://dx.plos.org/10.1371/journal.pmed.0030438
http://dx.doi.org/10.1371/journal.pmed.0030438
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17121449&dopt=Abstract
http://europepmc.org/abstract/MED/22030332
http://dx.doi.org/10.1016/S1473-3099(11)70181-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22030332&dopt=Abstract
http://dx.doi.org/10.1007/s11908-015-0466-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25860778&dopt=Abstract
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf
http://www.unaids.org/sites/default/files/media_asset/90-90-90_en_0.pdf
http://www.webcitation.org/

                                            6qjQNCmNp
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Chiang et d

6.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

Kanters S, Park JJ, Chan K, Socias ME, Ford N, Forrest JI, et a. Interventions to improve adherence to antiretroviral
therapy: a systematic review and network meta-analysis. Lancet HIV 2017 Jan;4(1):e31-e40. [doi:
10.1016/S2352-3018(16)30206-5] [Medline: 27863996]

Haberer JE, Sabin L, Amico KR, Orrell C, Galarraga O, Tsai AC, et a. Improving antiretroviral therapy adherencein
resource-limited settings at scale: a discussion of interventions and recommendations. J Int AIDS Soc 2017 Mar
22;20(1):21371 [FREE Full text] [doi: 10.7448/1AS.20.1.21371] [Medline: 28630651]

Anglada-Martinez H, Martin-Conde M, Rovira-lllamolaM, Sotoca-Momblona JM, SequeiraE, Aragunde V, et a. An
Interactive M obile Phone-Website Platform to Facilitate Real-Time Management of Medication in Chronically ill Patients.
JMed Syst 2017 Aug;41(8):122. [doi: 10.1007/s10916-017-0767-7] [Medline: 28689310]

Wald DS, Buitt S, Bestwick JP. One-way versustwo-way text messaging on improving medication adherence: meta-analysis
of randomized trials. Am J Med 2015 Oct;128(10):1139.e1-1139.€5. [doi: 10.1016/j.amjmed.2015.05.035] [Medline:
26087045]

Clinical Guidelines: Antiretroviral Therapy. In: Consolidated guidelines on the use of antiretroviral drugs for treating and
preventing HIV infection. Geneva, Switzerland: WHO; 2016:71-190.

Finitsis DJ, Pellowski JA, Johnson BT. Text message intervention designs to promote adherence to antiretroviral therapy
(ART): ameta-analysis of randomized controlled trials. PLoS One 2014 Feb 05;9(2):e88166 [FREE Full text] [doi:
10.1371/journal .pone.0088166] [Medline: 24505411]

Patel AR, Kesdler J, Braithwaite RS, Nucifora KA, Thirumurthy H, Zhou Q, et a. Economic evaluation of mobile phone
text message interventions to improve adherence to HIV therapy in Kenya. Medicine (Baltimore) 2017 Feb;96(7):e6078
[FREE Full text] [doi: 10.1097/M D.0000000000006078] [Medline: 28207516]

Mukumbang FC, Van Belle S, Marchal B, van Wyk B. An exploration of group-based HIV/AIDS treatment and care models
in Sub-Saharan Africa using arealist evaluation (Intervention-Context-A ctor-Mechanism-Outcome) heuristic tool: a
systematic review. Implement Sci 2017 Aug 25;12(1):107 [EREE Full text] [doi: 10.1186/s13012-017-0638-0] [Medline:
28841894]

Lester RT, Ritvo P, MillsEJ, Kariri A, Karanja S, Chung MH, et al. Effects of a mobile phone short message service on
antiretroviral treatment adherencein Kenya (Wel Tel Kenyal): arandomised trial. Lancet 2010 Nov 27;376(9755):1838-1845.
[doi: 10.1016/S0140-6736(10)61997-6] [Medline: 21071074]

Murray MC, O'Shaughnessy S, Smillie K, Van Borek N, Graham R, Maan EJ, Wel Tel BC1 Study Team. Health care
providers perspectives on aweekly text-messaging intervention to engage HIV-positive personsin care (Wel Tel BC1).
AIDS Behav 2015 Oct;19(10):1875-1887. [doi: 10.1007/s10461-015-1151-6] [Medline: 26297567]

Michie S, van Stralen MM, West R. The behaviour change wheel: anew method for characterising and designing behaviour
changeinterventions. Implement Sci 2011 Apr 23;6:42 [FREE Full text] [doi: 10.1186/1748-5908-6-42] [Medline: 21513547]
Michie S, Richardson M, Johnston M, Abraham C, Francis J, Hardeman W, et al. The behavior change technique taxonomy
(v1) of 93 hierarchically clustered techniques: building an international consensus for the reporting of behavior change
interventions. Ann Behav Med 2013 Aug;46(1):81-95. [doi: 10.1007/s12160-013-9486-6] [Medline: 23512568]

Michie S, AtkinsL, West R. The Behaviour Change Wheel - A Guide To Designing Interventions. UK: Silverback Publishing;
2014.

Horvath T, Azman H, Kennedy GE, Rutherford GW. Mobile phone text messaging for promoting adherence to antiretroviral
therapy in patients with HIV infection. Cochrane Database Syst Rev 2012 Mar 14(3):CD009756. [doi:
10.1002/14651858.CD009756] [Medline: 22419345]

Molloy GJ. Behavioral science and reasons for nonadherence to medication. Med Care 2013 May;51(5):468. [doi:
10.1097/ML R.0b013e318286€3e9] [Medline: 23579355]

Jackson C, Eliasson L, Barber N, Weinman J. Applying COM-B to medication adherence. The European Health Psychol ogist
2014 Feb;16:7-17.

LabaTL, Bleasel J, Brien JA, Cass A, Howard K, Peiris D, et a. Strategies to improve adherence to medications for
cardiovascular diseases in socioeconomically disadvantaged populations: a systematic review. Int J Cardiol 2013 Sep
10;167(6):2430-2440. [doi: 10.1016/).ijcard.2013.01.049] [Medline: 23415168]

Easthall C, Song F, Bhattacharya D. A meta-analysis of cognitive-based behaviour change techniques as interventions to
improve medication adherence. BMJ Open 2013 Aug 09;3(8):pii-e002749 [FREE Full text] [doi:
10.1136/bmjopen-2013-002749] [Medline: 23935093]

Chung MH, Richardson BA, TapiaK, Benki-Nugent S, Kiarie JN, Simoni JM, et al. A randomized controlled trial comparing
the effects of counseling and alarm device on HAART adherence and virologic outcomes. PLoS Med 2011 Mar;8(3):€1000422
[FREE Full text] [doi: 10.1371/journal.pmed.1000422] [Medline: 21390262]

Saberi P, Johnson MO. Technol ogy-based self-care methods of improving antiretroviral adherence: a systematic review.
PL0OS One 2011;6(11):e27533. [doi: 10.1371/journal.pone.0027533] [Medline: 22140446]

Free C, Phillips G, Galli L, Watson L, Felix L, Edwards P, et al. The effectiveness of mobile-health technol ogy-based health
behaviour change or disease management interventions for health care consumers: a systematic review. PLoS Med
2013;10(1):e1001362 [FREE Full text] [doi: 10.1371/journal.pmed.1001362] [Medline: 23349621]

http://mhealth.jmir.org/2018/4/e87/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 | €87 | p. 9

(page number not for citation purposes)


http://dx.doi.org/10.1016/S2352-3018(16)30206-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27863996&dopt=Abstract
http://europepmc.org/abstract/MED/28630651
http://dx.doi.org/10.7448/IAS.20.1.21371
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28630651&dopt=Abstract
http://dx.doi.org/10.1007/s10916-017-0767-7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28689310&dopt=Abstract
http://dx.doi.org/10.1016/j.amjmed.2015.05.035
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26087045&dopt=Abstract
http://dx.plos.org/10.1371/journal.pone.0088166
http://dx.doi.org/10.1371/journal.pone.0088166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24505411&dopt=Abstract
http://Insights.ovid.com/pubmed?pmid=28207516
http://dx.doi.org/10.1097/MD.0000000000006078
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28207516&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/s13012-017-0638-0
http://dx.doi.org/10.1186/s13012-017-0638-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28841894&dopt=Abstract
http://dx.doi.org/10.1016/S0140-6736(10)61997-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21071074&dopt=Abstract
http://dx.doi.org/10.1007/s10461-015-1151-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26297567&dopt=Abstract
http://www.implementationscience.com/content/6//42
http://dx.doi.org/10.1186/1748-5908-6-42
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21513547&dopt=Abstract
http://dx.doi.org/10.1007/s12160-013-9486-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23512568&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD009756
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22419345&dopt=Abstract
http://dx.doi.org/10.1097/MLR.0b013e318286e3e9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23579355&dopt=Abstract
http://dx.doi.org/10.1016/j.ijcard.2013.01.049
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23415168&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=23935093
http://dx.doi.org/10.1136/bmjopen-2013-002749
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23935093&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1000422
http://dx.doi.org/10.1371/journal.pmed.1000422
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21390262&dopt=Abstract
http://dx.doi.org/10.1371/journal.pone.0027533
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22140446&dopt=Abstract
http://dx.plos.org/10.1371/journal.pmed.1001362
http://dx.doi.org/10.1371/journal.pmed.1001362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23349621&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Chiang et d

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

39.

40.

41.

Lester RT. Ask, don't tell - mobile phonesto improve HIV care. N Engl JMed 2013 Nov 07;369(19):1867-1868. [doi:
10.1056/NEJM ¢1310509] [Medline: 24195570]

Michie S, Free C, West R. Characterising the * Txt2Stop’ Smoking Cessation Text Messaging Intervention in Terms of
Behaviour Change Techniques. Journal of Smoking Cessation 2012 Jun 01;7(1):55-60.

MaQ, TsoLS, Rich ZC, Hall BJ, Beanland R, Li H, et al. Barriersand facilitators of interventionsfor improving antiretroviral
therapy adherence: a systematic review of global qualitative evidence. JInt AIDS Soc 2016 Oct 17;19(1):21166 [FREE
Full text] [Medline: 27756450]

Hall BJ, SouKL, Beanland R, Lacky M, Tso LS, MaQ, et al. Barriersand Facilitatorsto I nterventions I mproving Retention
in HIV Care: A Qualitative Evidence Meta-Synthesis. AIDS Behav 2017 Jun;21(6):1755-1767. [doi:
10.1007/s10461-016-1537-0] [Medline: 27582088]

Car J, Tan WS, Huang Z, Sloot P, Franklin BD. eHealth in the future of medications management: personalisation, monitoring
and adherence. BMC Med 2017 Apr 05;15(1):73 [FREE Full text] [doi: 10.1186/s12916-017-0838-0] [Medline: 28376771]
Agarwal S, LeFevre AE, LeeJ, L'EngleK, Mehl G, Sinha C, WHO mHealth Technical Evidence Review Group. Guidelines
for reporting of health interventions using mobile phones: mobile health (mHealth) evidence reporting and assessment
(mERA) checklist. BMJ 2016 Mar 17;352:11174. [Medline: 26988021]

Chaiyachati KH, Ogbuoji O, Price M, Suthar AB, Negussie EK, Béarnighausen T. Interventions to improve adherence to
antiretroviral therapy: arapid systematic review. AIDS 2014 Mar;28(Suppl! 2):S187-S204. [doi:

10.1097/QA D.0000000000000252] [Medline: 24849479]

Tucker JD, Tso LS, Hall B, Ma Q, Beanland R, Best J, et al. Enhancing Public Health HIV Interventions: A Qualitative
Meta-Synthesis and Systematic Review of Studiesto Improve Linkage to Care, Adherence, and Retention. EBioMedicine
2017 Mar;17:163-171 [FREE Full text] [doi: 10.1016/j.ebiom.2017.01.036] [Medline: 28161401]

Nachega JB, Skinner D, Jennings L, Magidson JF, Altice FL, Burke JG, et a. Acceptability and feasibility of mHealth and
community-based directly observed antiretroviral therapy to prevent mother-to-child HIV transmission in South African
pregnant women under Option B+: an exploratory study. Patient Prefer Adherence 2016 Apr 28;10:683-690 [FREE Full
text] [doi: 10.2147/PPA.S100002] [Medline: 27175068]

Smillie K, Van Borek N, van der Kop ML, Lukhwaro A, Li N, Karanja S, et a. Mobile health for early retention in HIV
care: aqualitative study in Kenya (WelTel Retain). Afr JAIDS Res 2014;13(4):331-338 [FREE Full text] [doi:
10.2989/16085906.2014.961939] [Medline: 25555099]

van der Kop ML, Ojakaa DI, Patel A, Thabane L, Kinagwi K, Ekstrom AM, et al. The effect of weekly short message
service communication on patient retention in care in the first year after HIV diagnosis: study protocol for arandomised
controlled trial (WelTel Retain). BMJ Open 2013 Jun 20;3(6):pii-e003155 [FREE Full text] [doi:
10.1136/bmjopen-2013-003155] [Medline: 23794578]

Smillie K, Van Borek N, Abaki J, Pick N, Maan EJ, Friesen K, et a. A qualitative study investigating the use of amobile
phone short message service designed to improve HIV adherence and retention in care in Canada (Wel Tel BC1). J Assoc
Nurses AIDS Care 2014;25(6):614-625 [FREE Full text] [doi: 10.1016/j.jana.2014.01.008] [Medline: 24768442]

van der Kop ML, Memetovic J, Patel A, MarraF, Sadatsafavi M, Hajek J, et al. The effect of weekly text-message
communication on treatment compl etion among patients with latent tubercul osisinfection: study protocol for arandomised
controlled trial (WelTel LTBI). BMJOpen 2014 Apr 09;4(4):e004362 [ FREE Full text] [doi: 10.1136/bmjopen-2013-004362]
[Medline: 24719431]

van der Kop ML, Memetovic J, Smillie K, Coleman J, Hajek J, Van Borek N, et a. Use of the Wel Tel mobile health
intervention at atuberculosis clinic in British Columbia: a pilot study. IMTM 2013 Nov;2(3):7-14. [doi:
10.1136/bmjopen-2013-004362]

De VeraMA, Sadatsafavi M, Tsao NW, Lynd LD, Lester R, Gastonguay L, et al. Empowering pharmacists in asthma
management through interactive SM'S (EmPhASIS): study protocol for arandomized controlled trial. Trials 2014 Dec
13;15:488 [FREE Full text] [doi: 10.1186/1745-6215-15-488] [Medline: 25494702]

Abbreviations

ART: antiretroviral therapy

BCW: Behavior Change Wheel

BCT: behavior change technique

BCTTv1l: behavior change technique taxonomy (version 1)
COM-B: Capahility Opportunity Motivation-Behavior

http://mhealth.jmir.org/2018/4/e87/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 | €87 | p. 10

(page number not for citation purposes)


http://dx.doi.org/10.1056/NEJMc1310509
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24195570&dopt=Abstract
http://www.jiasociety.org/index.php/jias/article/view/21166
http://www.jiasociety.org/index.php/jias/article/view/21166
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27756450&dopt=Abstract
http://dx.doi.org/10.1007/s10461-016-1537-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27582088&dopt=Abstract
https://bmcmedicine.biomedcentral.com/articles/10.1186/s12916-017-0838-0
http://dx.doi.org/10.1186/s12916-017-0838-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28376771&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26988021&dopt=Abstract
http://dx.doi.org/10.1097/QAD.0000000000000252
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24849479&dopt=Abstract
https://linkinghub.elsevier.com/retrieve/pii/S2352-3964(17)30040-3
http://dx.doi.org/10.1016/j.ebiom.2017.01.036
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28161401&dopt=Abstract
https://dx.doi.org/10.2147/PPA.S100002
https://dx.doi.org/10.2147/PPA.S100002
http://dx.doi.org/10.2147/PPA.S100002
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27175068&dopt=Abstract
http://europepmc.org/abstract/MED/25555099
http://dx.doi.org/10.2989/16085906.2014.961939
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25555099&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=23794578
http://dx.doi.org/10.1136/bmjopen-2013-003155
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23794578&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1055-3290(14)00040-5
http://dx.doi.org/10.1016/j.jana.2014.01.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24768442&dopt=Abstract
http://bmjopen.bmj.com/cgi/pmidlookup?view=long&pmid=24719431
http://dx.doi.org/10.1136/bmjopen-2013-004362
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24719431&dopt=Abstract
http://dx.doi.org/10.1136/bmjopen-2013-004362
https://trialsjournal.biomedcentral.com/articles/10.1186/1745-6215-15-488
http://dx.doi.org/10.1186/1745-6215-15-488
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25494702&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JMIR MHEALTH AND UHEALTH Chiang et d

Edited by G Eysenbach; submitted 17.10.17; peer-reviewed by O Uthman, Z Huang; comments to author 30.11.17; revised version
received 19.01.18; accepted 21.01.18; published 12.04.18

Please cite as:

Chiang N, Guo M, Amico KR, AtkinsL, Lester RT

Interactive Two-Way mHealth I nterventionsfor Improving Medication Adherence: An Evaluation Using The Behaviour Change Wheel
Framework

JMIR Mhealth Uhealth 2018;6(4): €87

URL: http://mhealth.jmir.org/2018/4/e87/

doi: 10.2196/mhealth.9187

PMID: 29650504

©Nicole Chiang, Michael Guo, K Rivet Amico, Lou Atkins, Richard T Lester. Originally published in IMIR Mhealth and Uhealth
(http://mhealth.jmir.org), 12.04.2018. Thisisan open-access article distributed under the terms of the Creative Commons Attribution
License (https.//creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and reproduction in any
medium, provided the original work, first published in IMIR mhealth and uhealth, is properly cited. The complete bibliographic
information, alink to the original publication on http://mhealth.jmir.org/, as well as this copyright and license information must
be included.

http://mhealth.jmir.org/2018/4/e87/ JMIR Mhealth Uhealth 2018 | vol. 6 | iss. 4 | €87 | p. 11
(page number not for citation purposes)

RenderX


http://mhealth.jmir.org/2018/4/e87/
http://dx.doi.org/10.2196/mhealth.9187
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=29650504&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

