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Abstract

Background: Current interventionsto support medication adherence in people with type 2 diabetes are generally resource-intensive
and ineffective. Brief messages, such asthose delivered viashort message service (SMS) systems, areincreasingly used in digital
health interventions to support adherence because they can be delivered on awide scale and at low cost. The content of SMStext
messages is acrucia intervention feature for promoting behavior change, but it is often unclear what the rationale is for chosen
wording or any underlying mechanisms targeted for behavioral change. There is little guidance for developing and optimizing
brief message content for use in mobile device-delivered interventions.

Objective: Thisreview aimed to (1) identify theoretical constructs (ie, the targetsthat interventions aim to change) and behavioral
strategies (ie, features of intervention content) found to be associated with medication adherence in patients with type 2 diabetes
and (2) map these onto a standard taxonomy for behavior change techniques (BCTs, that is, active ingredients of interventions
used to promote behavioral change, to produce an evidence-based set of approaches that have shown promise of improving
adherence in previous studies and which could be further tested in digital health interventions.

Methods: A rapid systematic review of existing relevant systematic reviewswas conducted. MEDLINE and PsycINFO databases
were searched from inception to April 10, 2017. Inclusion criteriawere (1) systematic reviews of quantitative dataif the studies
reviewed identified predictors of or correl ates with medi cation adherence or eval uated medicati on adherence-enhancing interventions
and included adult participants taking medication to manage a chronic physical health condition, and (2) systematic reviews of
gualitative studies of experiences of medication adherence for adult participants with type 2 diabetes. Data were extracted on
review characteristics and BCTSs, theoretical constructs, or behavioral strategies associated with improved adherence. Constructs
and strategies were mapped onto the BCT version 1 taxonomy.

Results: A total of 1701 references were identified; 25 systematic reviews (19 quantitative reviews, 3 qualitative reviews, and
3 mixed-method reviews) were included. Moreover, 20 theoretical constructs (eg, self-efficacy) and 19 behavioral strategies (eg,
habit analysis) wereidentified in theincluded reviews. In total, 46 BCTswereidentified as being related to medication adherence
in type 2 diabetes (eg, habit formation, prompts or cues, and information about health consequences).

Conclusions. We identified 46 promising BCTSs related to medication adherence in type 2 diabetes on which the content of
brief messages delivered through mobile devices to improve adherence could be based. By using explicit systematic review
methods and linking our findings to a standardized taxonomy of BCTs, we have described a novel approach for the development
of digital message content. Future brief message interventions that aim to support medication adherence could incorporate the
identified BCTs.
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Introduction

Background

Diabetes mellitus affects an estimated 422 million people
globally [1]. Approximately 90% of these cases are of type 2
diabetes [2,3]. Type 2 diabetes is typically managed through
diet, physical activity, and oral medication. However, poor
adherence to ora glucose-lowering medications in this
population is common. The incidence of nonadherence is
estimated to be between 38% and 93% [4-6], depending on the
method used to define and measure adherence, and up to 37%
of patientsstop using oral glucose-lowering medicationswithin
1 year of starting treatment [7]. This is a problem because
medication nonadherenceis associated with poorer clinical and
health outcomes in patients with diabetes [8,9] and results in
substantial financial burdens on Western health care systems
because of higher rates of morbidity and mortality associated
with the condition [10,11].

Effective interventions to increase medication adherence are
needed to optimize health outcomes, quality of life, and
cost-effective health care [12]. Despite the need, thereisalack
of convincing evidence for interventions to improve patient
adherence to prescribed medicationsfor common chronic health
problems. A Cochrane systematic review of 182
adherence-enhancing trials reported inconsistent effects on
adherence, from highly heterogeneous interventions, and the
majority of the lowest risk of biastrials (12 of 17) reported no
improvements in adherence and clinical outcomes [13]. The
interventions were generally multicomponent and complex,
delivered by health care professionals and involving one-on-one
education and counseling. Such interventions are time- and
resource-intensive and, therefore, difficult to deliver to alarge
number of people or implement in usual practice settings.
Similarly, complex interventions aimed at supporting medication
adherence in patients with diabetes aso report few
improvements in adherence or clinical outcomes [14-18].

As of May 2014, 7 billion mobile phone subscriptions werein
use worldwide [19]. In the United Kingdom, 65% to 92% of
retired households own amobile phone[20], and in 2017, 73%
of adults accessed the internet through a smartphone or mobile
device, which is double the rate recorded in 2011 [21]. The
United States displayssimilar trendsin increased mobile phone
ownership; 77% and 95% of adults own asmartphone or mobile
phone, respectively [22]. The increased use of mobile phone
and modern technol ogies has created a new medium for digital
health interventions delivered by mobile devices to support
self-management of long-term conditionsand potential solutions
to problems such as medication nonadherence. Currently, the
short message service (SMS) text message function of mobile
phones offers a possible low-cost and wide-reaching means to
deliver behavior changeinterventions. Brief messages delivered
by SMS text message can be used in several ways. to send
motivational and socia support messages [23], to challenge
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maladaptive beliefs [24], or provide a cue to action [25]. This
is important, as the impact on behaviors, such as medication
adherence, islikely to differ depending on the message content.

A recent systematic review of brief messaging interventionsfor
patientswith type 2 diabetes concluded that these interventions
may have the potential for supporting medication adherence
[26]. However, the authors noted a widespread lack of explicit
theoretical frameworks underpinning the included trials and
caled for greater use of theory in designing interventions to
address the behavioral mechanisms through which changes to
adherence may occur [26].

Behavior change theory can inform interventions by providing
insight into factors that influence behavior, which can be
targeted for behavioral change. This includes theoretical
constructs (ie, those variables or constructs from theories that
aretargeted by interventions, eg, self-efficacy) and mechanisms
underlying specific behavioral strategies (ie, techniques not
necessarily linked to a single theory but incorporated in
interventions because they predict behavior, eg, modeling). To
trandate these strategies into a standardized language, a
comprehensive taxonomy of 93 behavior change techniques
(BCTs) has been developed for use in behavior change
interventions [27]. BCTs are discrete intervention components
used to facilitate behavior change, such as problem solving and
goal setting, and can be thought of as the active ingredientsin
interventions [27]. With this BCT taxonomy (BCTT),
researchers can identify and eval uate specific techniqueslinked
to intervention success, which facilitates the replication and
optimization of existing or new interventions [27]. There is
evidence that interventions that incorporate a greater number
of BCTs tend to have larger effects on behavior than those
incorporating a smaller number [28].

Grounding research in theory is crucia to progress
understanding of which constructs need to change to, in turn,
effectively change behavior. However, it is often unclear how
message content has been developed, including what, if any,
theory the messages are rooted in or how different types of
messages may affect behavior. Without this, it is difficult to
establish whether messages targeting constructs are effective
or how to replicate these interventions. Toolkits for designing
SMS-based interventions exist, but guidelines for developing
the core message content are lacking (eg, The Center for
Research in Implementation Science and Prevention [29]). An
established process for devel oping brief message content, such
asthose delivered via SM S text message, is needed to optimize
intervention effectiveness and facilitate evaluation of the most
successful message types for changing behavior.

This review represents the first stage of a larger program of
research to identify effective brief message content for use in
interventions to support medication adherence in people with
type 2 diabetes. We propose a novel approach to develop
theory-based brief message content for use in interventions
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supporting medication adherence for people with type 2 diabetes.
Given the lack of effectiveness of existing interventions [13],
thereisaneed to determine promising novel intervention content
for the future. For this reason, this rapid systematic review
considered the factors related to adherence in 2 stages. First,
we considered the factors found to affect adherence across a
broad range of physical health conditionsin previous systematic
reviews of quantitative research. Second, we considered
systematic reviews of qualitative research of adherence,
specifically in people with diabetes to better understand the
psychosocial context of and influences on adherence in our
target population.

Aims

The aims of thisrapid review wereto (1) systematically search
for systematic reviews of quantitative studies that focused on
medication adherence in physical health conditions and
systematic reviews of qualitative studies that focused on
adherence in type 2 diabetes, (2) extract data on theoretical
constructs and behavioral strategies associated with medication
adherence, and (3) map these constructs and strategiesto BCTs
to generate alist of BCTsthat may show promisein improving
medi cation adherence. We propose using these BCTs, to inform
intervention targets and content of brief messages in future
digitally based adherence-enhancing interventions.

Methods

Design

We conducted arapid systematic review of systematic reviews.
Rapid systematic reviews use methods to accelerate and
streamline traditional systematic review processes while
preserving the quality and rigor of review methods[30]. A rapid
review is an appropriate method, given our aim to identify new
potential intervention targets, rather than to conduct a
comprehensive appraisal of the evidence base.

Search Strategy

A systematic search of 2 electronic databases (MEDLINE and
PsycINFO) was conducted from databaseinception to April 10,
2017. Search terms for medication adherence were chosen by
adapting Medical Subject Headings (MeSH) and keywords
previously used [13]. Search strategies were reviewed by the
team. The search terms used in MEDLINE were “medication
adherence [MeSH]” OR “medication compliance” OR “ patient
compliance[MeSH]” AND “review literature astopic [MeSH]”
OR ‘“systematic review” OR “meta-anaysis’ OR
“meta-synthesis.” The search terms used in PsycINFO were
“treatment compliance [MeSH]” OR “compliance [MeSH]”
AND “literaturereview [MeSH]” OR “meta-analysis[MeSH]"
OR “systematic review” OR “meta-synthesis” EndNote
reference software (Clarivate Analytics) was used to organize
references.

Inclusion and Exclusion Criteria

Scope of Included Reviews

Systematic reviews of quantitative data, qualitative data, or
mixed-method data (reporting quantitative and qualitative data)
were included. Only papers written in English were included.

https://www.jmir.org/2019/1/e10421/

Longet d

Systematic reviews of adult (aged older than 18 years) samples
taking medication to self-manage a diagnosed physical health
condition were included. Review samples with children and
adolescents (aged less than 18 years) were excluded, as were
samples from exclusively nondevel oped countries.

Systematic reviews of quantitative studies had to report on (1)
interventions to improve patients' medication adherence or (2)
predictorsof or correlates with medication adherencein physical
health conditions. Systematic reviews had to report subanalyses
of medication adherence if adherence was not the primary
outcome measure. Reviews had to include abehavioral measure
of medication adherence or a combination of behavioral and
clinical measures. Reviewsthat reported only clinical measures
of adherence were excluded, asthese measures may be affected
by behaviors besides medication adherence. Reviews had to
report data on patient adherence in chronic physical health
conditions. We excluded reviews of patient sampleswith severe
mental health or psychiatric conditions, substance abuse,
acute-only conditions, contraceptive or sexual function
medication, herbal remedies, vitamins, vaccinations,
homeopathy, or conditions that could be chronic (eg, cancer)
but for which the treatment medication is short-term (eg, oral
chemotherapy). Reviews of acute physical health conditions
and nonsevere mental health conditions (eg, diabetes with
comorbid depression or depressive symptoms) were eligible if
they also reviewed chronic conditions.

Systematic reviews of qualitative studies of adult samples in
which diabetes was the main health condition were included.
Participants with other physical health conditionswere eligible
if diabetes was the majority health condition in the sample. To
be eligible, mixed-method systematic reviews had to report
findingsin linewith the above criteriafor either the quantitative
reviews or the qualitative reviews.

Theoretical Constructs and Behavioral Strategies

To identify individual theoretical constructs or behavioral
strategies that were associated with medication adherence,
reviews of quantitative studies had to report distinct constructs
or strategies and their relationship with medication adherence
through pooling data across studies. Reviews of quantitative
studies were excluded if they did not breakdown interventions
and studies into the separate components and examine the
effects. However, reviews of quantitative studies that analyzed
similar behavioral strategies under an umbrella term were
included and assessed as a single strategy (eg, self-monitoring
of medication adherence using different methods of
salf-monitoring). Reviews of quantitative studieswere excluded
if they examined only the effects of (1) the form of the
interventions or studies (eg, intervention duration and
interventionist), (2) sociodemographic variables (eg, ethnicity
and gender), or (3) different lifestyle behaviors (eg, dietary
intake and alcohol consumption) on medication adherence.

Systematic reviews of qualitative studies had to report patients
experiences of, or barriers and facilitators to, taking and adhering
to medication for type 2 diabetes.
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Data Extraction

Separate data extraction sheets were developed, piloted, and
refined for quantitative and qualitative data. First, we extracted
data from the systematic reviews of quantitative studies on a
number of indicators (Multimedia Appendix 1) and the
relationship between constructs and strategies with medication
adherence.

Second, we extracted qualitative datain the form of the authors
narrative results sections. Results pertaining only to patients
experiences of adherence were extracted. The mixed-method
reviews, and the data reported in these, were combined with
either the pool of quantitative or qualitative reviews depending
on whether the findings were more quantitative or qualitative
in nature.

Identifying and Mapping Theoretical Constructs and
Behavioral Strategiesto Applicable Behavior Change
Techniques

There were 2 stages involved in the process of identifying and
mapping theoretical constructs and behavioral strategies to
BCTs. First, we used the reviews of quantitative research to
identify foundational constructs and strategies that were
positively related to adherence in a range of physical health
conditions. For each of the constructs and strategies identified
in the reviews of quantitative studies, a judgment was made
about which BCTsinthe BCTT may be an applicabletechnique
to changethat particular construct or strategy. This processwas
completed iteratively, reviewing and refining judgments to
ensure that all constructs and strategies had been paired with at
least one BCT, and any relevant BCTs were captured. The
process of mapping involved a degree of brainstorming [31]
and idea generation, a recognized early step in intervention
mapping, with the aim of generating as many explanations as
possible in response to a question [32]. We have adapted this
approach, generating answers, in the form of BCTS, to the
constructs and strategies (the questions) extracted from the
reviews.

Second, we took a diabetes-specific approach and used the
reviews of qualitative research to consider the specific context
of our target population and to ensure that we did not overlook
constructs or strategies that were particularly relevant to
adherence in patients with diabetes. In this stage, a different
method was used to identify constructs and strategies in the
qualitative data and link these to BCTs. The reviews of
guantitative studies, by nature, were generally explicit in the
reporting of constructs or strategies, but these were implicit in
the qualitative review data. Given this, to identify which
constructs or strategies may be related to patient adherence, a
reviewer first familiarized herself by reading and rereading the
extracted data. Inductive line-by-line coding was conducted,
taking into consideration the meaning and context of different
barriers and facilitators to adherence. The codes applied were
the constructs and strategies identified from the quantitative
findings or concepts from relevant psychological theory. The
reviewer then followed the same process of mapping to BCTs
asthat used for the quantitative review data.

https://www.jmir.org/2019/1/e10421/

Longet d

The initial findings and mapped BCTs from the quantitative
and qualitative data were discussed within the research team to
provide a sense check and to draw from additional expertise.
In light of this, the first author further refined the associations
between constructs and strategies and BCTSs.

Results

Search Results

The electronic database searches identified 1701 references.
After duplicates were removed, 1507 references remained. A
reviewer screened all title or abstracts, and a second reviewer
screened 29.86% (450/1507) of these (84% agreement).
Moreover, 1296 references were excluded at the title-abstract
stage. A reviewer read the full texts of the remaining 211
references, and the second reviewer read 29.9% (63/211) of
these (71% agreement). Consensus on eligibility at both the
title-abstract and full-text stage was reached through discussion.
Any disagreements were resolved by discussing proposed
reasonsfor inclusion and exclusion against the éigibility criteria.
A tota of 25 eligible systematic reviews (19 gquantitative
reviews, 3 qualitative reviews, and 3 mixed-methods reviews)
published between 1995 and 2017 were included in this
review—23 systematic reviews from database searches and 2
additional systematic reviewsknown to the researchers (Figure
1 illustrates the study inclusion process). From this point, 2
mixed-method reviews [33,34] have been integrated with the
reviews of quantitative studies and the third mixed-method
review [35] has been integrated with the reviews of quaitative
studies.

Systematic Review Characteristics

Systematic Review Aims

The reviews of quantitative studies examined interventions to
promote medication adherence (k=16), predictive studies, or
correlates of medication adherence (k=4) or both (k=1). The
reviews of quantitative studiesidentified atotal number of 1930
studies. The reviews of qualitative studies examined patients
understanding of barriers and facilitators to adherence in type
2 diabetes (k=2), medication adherence—related beliefs and
decision-making processes regarding taking medication in
diabetes and cardiovascular disease patients (k=1), and patients
perceptions and experiences of taking oral medication for type
2 diabetes (k=1). The reviews of qualitative studies identified
atotal number of 140 studies.

Patient Populations

Of the reviews of quantitative studies, 5 examined medication
adherence in multiple chronic conditions and 4 reviews were
of multiple chronic and acute conditions. Theremaining reviews
examined adherence in single conditions. hypertension (k=3),
HIV and AIDS (k=2), type 2 diabetes (k=2), cardiovascular
disease (k=1), chronic pain (k=1), heart failure (k=1), psoriasis
(k=1), and organ transplantation (k=1). Overal, 2 reviews
examined interventions targeted at health care providers to
promote patient medication adherence. In addition, 3 reviews
of qualitative studiesincluded samples of diabetes patients, and
thefourth review included acombination of samples of diabetes
and cardiovascular disease patients.
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Figure 1. Flow diagram of study inclusion and exclusion process.

1701 records identified from 2
databases (MEDLINE: 1399,
PsycINFO: 302)
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1507 records screened (title or
abstract)
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‘ 211 full-text papers retrieved

| >
!

23 eligible reviews identified (18
quantitative, 2 qualitative, 3 mixed-
method)

N=2 reviews already known (1
quantitative, 1 qualitative)

25 reviews included in review (19
quantitative, 3 qualitative, 3 mixed-
method)

Characteristics of Primary Studies

The primary studiesin the reviews of quantitative studies were
of various study designs; 14 reviews assessed multiple primary
study designs. The study designs (when reported by review
authors) included randomized controlled trials (RCTs; k=17),
nonrandomized (k=8), pre- and posttest (k=4), prospective
correlational (k=6), and cross-sectional correlational (k=5)
designs (see Multimedia Appendix 1 for a summary table of
review characteristics).

Quantitative Systematic Review Findings

In total, 14 theoretical constructs and 13 behaviora strategies
were extracted from 18 of 21 systematic reviews of quantitative

https://www.jmir.org/2019/1/e10421/
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Duplicates removed
N=194

Articles excluded based on title or
abstract.
N=1296

188 articles excluded based on primary reason:
N=83 no/inadequate analysis or examination of
individual intervention/study constructs or
strategies
N=33 included participants aged <18 years
N=26 samples entirely or partially made up from
one or more of: psychiatric disorders, healthy
populations, gestational diabetes, substance
abuse, cancer (oral chemo), vitamin supplements,
or healthy participants.

N=14 not a systematic review
N=9 not a review of interventions to improve
medication adherence or a study to identify
factors predictive or associated with medication
adherence.

N=7 clinical measure(s) of medication adherence
only.

N=7 no full text available.

N=4 no sub-analysis of medication adherence
data; only used a combined measure of adherence
that included multiple different adherence
behaviours (ie. diet, physical activity, medication
adherence)

N=2 nondeveloped countries only
N=2 qualitative synthesis of studies of
nondiabetes samples or where diabetes samples
are not the focus
N=1 assessed sociodemographic predictors only

studies because they were related to medication adherence
(Table 1). There was variation in the methods used by review
authors to analyze the relationship of a construct or strategy to
medication adherence. The different approaches to analysis
included moderation analysis, correlation analysis, calculating
a taly of the number of primary studies that had found a
statistically significant effect when a particular construct or
strategy was present and, where possible, associ ated effect sizes,
and qualitative comparative analysis to determine the necessity
or sufficiency of anindividual construct or strategy to influence
medication adherence.

The 14 theoretical constructs and 13 behavioral strategies were
mapped to 34 BCTs (Table 2). Each construct or strategy was
linked with between 1 and 13 associated BCTSs.
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Table 1. Theoretical constructs and behavioral strategies associated with improved medication adherence extracted from the quantitative reviews.

Authors (year)

TC?and BS?

Evidence summary

Broekmans et a (2009) [33]

Conn et al (2009) [36]

Conn et al (2015a) [37]

Conn et al (2015b) [38]

Conn et a (2016) [39]

Conn et a (2017) [40]

Cutronaet al (2010) [41]

Devine et al (1995) [42]

Dew et a (2007) [43]

Farmer et al (2015) [26]

Fogarty et a (2002) [34]

Medication-related concerns (TC)
Poor patient-physician communication
and satisfaction (TC)

Coping with side effects (BS)
Stimulus to take medication (BS)
Self-monitoring of symptoms related
to medications (BS)

Providing succinct written instructions
(B9

No TC or BS associated with MA

No TC or BS associated with MA

Habit analysis (BS)
Prompts or cues (BS)

Habit andlysis (BS)

Reinforcement and reminding (BS)

Self-monitoring of medications (BS)
Self-monitoring of symptoms related
to medications (BS)

Increasing health-related knowledge
through education (BS)

Social support (BS)

Self-monitoring of medications (BS)

Social support (BS)
Scheduling demands (TC)
Regimen complexity (TC)

Concerns about side effects were a significant® correlate of lower

MAYin k=1. Fewer concerns about withdrawal were asi gnificant®
correlate of lower MA (k=1).
Poor patient-physician communication and satisfaction were asig-

nificant® correlate of lower MA (k=1).

Adding side-effect management as a moderator to a multiple-mod-

erator model significantly® improved the model (beta=.60).
Interventions, including a stimulus to take medication were more

effective at improving MA (ESf 1.06) than interventions without
these cues (ES 0.30).

Interventions that directed participants to self-monitor symptoms
related to medications (including symptom improvement from taking
medications and medication side effects) were more effective (ES
1.18) at improving MA than interventionsthat lacked this component
(ES 0.30).

Interventions with succinct written instructions achieved better ef-
fectson MA (ES 0.61) than studieswithout succinct written instruc-
tions (ES 0.29).

N/A9
N/A

Habit-focused interventionsin which participants’ daily habitswere
linked to taking medications were more effective at increasing MA
relative to interventions that lacked this component (0.57 vs 0.22°).
Studiesthat used prompts or cues for taking medications had larger

ES than studies that did not (0.50 vs 0.23%).

Moderation analysis showed that interventions that included habit
analysis were more effective (d=0.37) at improving MA than inter-
ventions that did not (d=0.28).

The majority of k=16 showed small effects of reinforcement and
reminding on MA, whereas k=3 yielded large effects.

Effect size values on MA by type of treatment were monitoring
medications (d=0.43), monitoring blood pressure (d=0.37), and
education (d=0.81).

Poorer socia support was significantly associated with greater
nonadherence (ES 0.10, CI 0.03-0.26°) from k=11.

Overall, 3 of 6 self-monitoring trials observed significant® improve-
mentsin MA.

Socia support was statistically significantly associated with MA
in 1 of 4 papersand 1 of 8 abstracts.

A total of 2 of 15 abstracts and 2 of 5 papers reported a significant®
association between scheduling demands and MA.

Overall, 2 of 17 abstracts and 3 of 4 studies reported a significant
association between regimen complexity and MA. Intotal, 2 of 4
of these found the direction of the association to be as expected;
more complex regimens were associated with decreased MA.
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Authors (year)

TC

aand BSP

Evidence summary

Holmes et al (2014) [44]

Kahwati et a (2016) [45]

Ruppar et a (2015) [46]

Schedlbauer et a (2010) [47]

Simoni et a (2006) [48]

Takiyaet a (2004) [49)]

Teeter et a (2014) [50]

Thorneloe et a (2013) [51]

Xu et al (2014) [52]

Self-efficacy (TC)

Perceived barriers (TC)

Perceived adverse effects (TC)
Perceived benefits (TC)
Perceived severity (TC)

Perceived susceptibility (TC)
Attitude (TC)

Intention (TC)

Perceived behavioral control (TC)
Necessity beliefs (TC)
Medication-related concerns (TC)

Self-efficacy (TC)

Attitude (TC)

Increasing health-related knowledge
through education (BS)

Motivationa interviewing (BS)

No TC or BS associated with MA

Reinforcement and reminding (BS)

Interactive discussion of cognitions,
motivations, and expectations about
adherence (BS)

Prompts or cues (BS)
Increasing health-related knowledge
through education (BS)

Motivationa interviewing (BS)

Patient satisfaction with their treatment
(TC)

Tailoring care plan (BS)

Self-efficacy was asignificant® predictor of MA in 7 of 7 studies
of sociocognitive theory, 6 of 6 studies of self-regulation theory,
and 4 of 6 studies of social support theory.

Perceived barriers were significantly® associated with MA in 11 of
17 studies.

Perceived adverse effects were significantly® associated with MA
in4 of 5 studies.

Perceived benefits were significantly® associated with MA in 5 of
11 studies.

Perceived severity was significantly® associated with MA in 3 of 7
studies.

Perceived susceptibility was significantly® associated with MA in
3 of 6 studies.

Attitude was significantly® associated with MA in 2 of 5 studies.
Intention was significantly® associated with MA in 2 of 5 studies.

Perceived behavioral control was significantly® associated with MA
in 2 of 4 studies.

Necessity beliefs were significantly® associated with MA in 7 of 8
studies.

Medication-related concerns were significantly® associated with
MA in 7 of 8 studies.

Enhancing self-efficacy wasidentified asindividually sufficient for
improving MA (consistency 90%).

Improving attitude was identified as individually sufficient for im-
proving MA (consistency 90%).

Increasing knowledge was anecessary individual BCT for improved
MA,; it was present in 31 of 34 studies (consistency 91%).
Motivational interviewing wasidentified as closeto the consistency
threshold for anindividually sufficient techniquefor improving MA
(consistency 78%).

N/A

Intotal, 4 of 6 studies reported statistically® improved MA following
remindersin the form of written postal material (k=1), regular
telephone calls (k=2), and asimple calendar reminder of medication
taking (k=1).

Interactive discussion of cognitions, motivations, and expectations
about MA, ES 1.62 (ClI 1.21-2.03; k=14) versus no discussion ES
0.99 (CI 0.55-1.79; k=4).

Beeper: 1 of 1 study reported significant improvement in MA, ES
0.09 (Cl -0.15t0 0.31°).

Phone reminder: 1 of 1 study reported significant improvement in
MA, ES0.03 (CI -0.09 to 0.15%).

Increasing health-related knowledge through education: 2 of 3
studiesreported significant improvementin MA, ES0.18 (Cl -0.11

t0 0.44%), 0.03 (CI -0.26 to 0.309).

Overall, 6 of 9 studies reported statistically significant® differences
between intervention and control groups for changein MA.

k=1 reported patients being too busy or fed up was associated with
reduced MA.

Tailoring was the most common persuasive attribute; 76% of inter-
ventions that successfully improved MA included tailoring versus
33% of interventionsin which MA did not improve® (the number
of included studies that incorporated tailoring was not reported).
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Authors (year) TC?and BS? Evidence summary

Zomahoun et a (2015) [53] «  Coping with side effects (BS) « Interventionsin which cope with side effects was applied had a
pooled SM D" of 0.64 (95% CI 0.31-0.96) versus 0.02 (95% Cl
-0.25t0 0.28) for those who did not (the subgroup differences®).

8TC: theoretical construct.

bBS: behavioral strategy.

P<.05.

9MA: medication adherence.
fP<.01.

'ES: effect size.

IN/A: not applicable.

NSMD: standard mean difference.
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Table 2. Theoretical constructs and behavioral strategies identified by the reviews of quantitative studies and behavior change techniques mapped to
these by the research team.

Theoretical constructs and behavioral
strategies

Behavior change techniques

Theoretical constructs

Attitude

Intention

Medication-related concerns

Necessity beliefs

Patient satisfaction with their treatment
Perceived adverse effects

Perceived barriers

Perceived behavioral control

Perceived benefits

Perceived severity

Perceived susceptibility

Regimen complexity
Scheduling demands
Self-efficacy

Behavioral strategies

Coping with side effects
Habit analysis

Increasing health-related knowledge
through education

Interactive discussion of cognitionsand
motivations and expectations about
adherence

Motivational interviewing

Prompts and cues

Providing succinct written instructions
Reinforcement and reminding
Self-monitoring of medications

Self-monitoring of symptoms related
to medications

Social support

Framing or reframing, pros and cons, information about emotional consequences, information about
health consequences, information about social and environmental consequences, and salience of conse-
quences.

Anticipated regret, comparative imagining of future outcomes, pros and cons, and verbal persuasion
about capability.

Comparative imagining of future outcomes, framing or reframing, information about emotional conse-
quences, information about health consequences, information about social and environmental conse-
guences, problem solving, prompts or cues, pros and cons, reduce negative emotions, salience of conse-
quences, social support - emotional, socia support - practical, and socia support - unspecified.

Anticipated regret, comparative imagining of future outcomes, framing or reframing, information about
emotional consequences, information about health consegquences, information about social and environ-
mental consequences, pros and cons, and salience of consequences.

Framing or reframing, pros and cons, and reduce negative emotions.
Comparative imagining of future outcomes, framing or reframing, and incompatible beliefs.

Framing or reframing, pros and cons, restructuring the physical environment, restructuring the socia
environment, social support - emotional, social support - practical, and socia support - unspecified.

Focus on past success, mental rehearsal of successful performance, self-talk, and verbal persuasion about
capability.

Anticipated regret, comparative imagining of future outcomes, information about emotional consequences,
information about health conseguences, information about social and environmental consequences, pros
and cons, and salience of consequences.

Anticipated regret, comparative imagining of future outcomes, feedback on outcomes of behavior,
framing or reframing, incompatible beliefs, information about emotiona consequences, information
about health consequences, and information about social and environmental consequences.

Comparativeimagining of future outcomes, framing or reframing, information about health consequences,
and pros and cons.

Habit formation, problem solving, and prompts or cues.
Action planning and problem solving.

Focus on past success, identification of self asrole model, mental rehearsal of successful performance,
self-talk, social reward, valued self-identity, and verbal persuasion about capability.

Problem solving, social support - emotional, social support - practical, and social support - unspecified.
Behavioral practice or rehearsal, habit formation, habit reversal, and graded tasks.

Information about antecedents, information about emotional consequences, information about health
conseguences, information about social and environmental consequences, and instruction on how to
perform a behavior.

Anticipated regret, comparative imagining of future outcomes, framing or reframing, and pros or cons.

Comparative imagining of future outcomes, framing or reframing, pros or cons, and social support
(emotional).

Prompts or cues.

Instruction on how to perform a behavior.

Behavioral practice or rehearsal, habit formation, and prompts or cues.
Self-monitoring of behavior.

Self-monitoring of outcome(s) of behavior.

Social support - emotional, socia support - practical, and socia support - unspecified.
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Theoretical constructs and behavioral
strategies

Behavior change techniques

Stimulus to take medication Prompts and cues.

Tailoring care plan

Information about health consequences and social support (emotional).

Qualitative Systematic Review Findings

In total, 17 theoretical constructs and 12 behaviora strategies
were coded in the qualitative data [35,54-56] (Multimedia
Appendix 2). Of these, 11 were not identified by the reviews
of quantitative data, including 6 constructs: identity, motivation,
negative emotions, response efficacy, social comparison, and
socia context and 6 strategies: credible source, demonstration
of the behavior, problem solving, self-adjustment and
experimentation with medication dose and frequency,
self-management strategies, and self-monitoring of outcome(s)

https://www.jmir.org/2019/1/e10421/

RenderX

of behavior). The 17 constructs and 12 strategies were mapped
t0 46 BCTs, 12 BCTswereidentified in additiontothe 34 BCTs
mapped from the quantitative review findings. Each construct
or strategy had between 1 and 25 associated BCTs (Table 3).

Selection of Candidate Behavior Change Techniques

In total, a pool of 46 BCTs were mapped from the theoretical
constructs and behavioral strategies identified in the included
reviews (Textbox 1, see Multimedia Appendix 3 for BCT
definitions from the study by Michie et a [27]).
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Table 3. Theoretical constructs and behavioral strategies identified in the reviews of qualitative studies and the mapped behavior change techniques
from the behavior change technique taxonomy.

Theoretical constructs and behavioral
strategies

Behavior change techniques

Theoretical construct
Attitude
| dentity

Medication-related concerns

Motivation

Necessity beliefs

Negative emotions

Patient-physician relationship and
communication

Perceived barriers

Perceived behavioral control

Perceived benefits

Perceived seriousness

Perceived susceptibility

Regimen complexity

Response efficacy

Self-efficacy

Social comparison

Anticipated regret, framing or reframing, information about health consequences, and pros and cons.

Identity associated with changed behavior, identification of self asarole model, incompatible beliefs,
and valued self-identity.

Adding objects to the environment, anticipated regret, behavioral experiments, comparative imagining
of future outcomes, conserving mental resources, credible source, demonstration of behavior, feedback
on outcome(s) of behavior, framing or reframing, habit formation, information about emotional conse-
quences, information about health consequences, information about social and environmental conse-
guences, instruction on how to perform the behavior, monitoring of emotional consequences, problem
solving, prompts or cues, prosand cons, reduce negative emotions, restructuring the physical environment,
salience of consequences, self-monitoring of outcome(s) of behavior, social support - emational, social
support - practical, and social support - unspecified.

Anticipated regret, framing or reframing, salience of conseguences, and self-talk.

Anticipated regret, behavioral practice or rehearsal, comparative imagining of future outcomes, feedback
on outcome(s) of behavior, framing or reframing, information about emotional consequences, information
about health consequences, information about social and environmental consequences, habit formation,
prosand cons, salience of consequences, self-monitoring of behavior, and self-monitoring of outcome(s)
of behavior.

Framing or reframing, information about emotional consequences, monitoring of emotional consequences,
reattribution, reducing negative emotions, socia support - emotional, and verbal persuasion about capa-
bility.

Credible source, framing or reframing, information about health consequences, socia support - emotional,
and social support - practical.

Avoidance or reducing exposure to cues for the behavior, conserving mental resources, credible source,
demonstration of the behavior, framing or reframing, habit formation, identification of self asarole
model, information about antecedents, information about emotional consequences, information about
health consequences, information about others” approval, information about social and environmental
conseguences, instruction on how to perform the behavior, problem solving, prompts or cues, reducing
negative emotions, restructuring the social environment, salience of consequences, social support -
practical, social support - unspecified, and valued self-identity.

Anticipated regret, behavioral practice or rehearsal, focus on past success, framing or reframing, infor-
mation about antecedents, mental rehearsal of successful performance, reattribution, social support -
unspecified, and verbal persuasion about capability.

Anticipated regret, comparative imagining of future outcomes, feedback on outcomes of behavior,
framing or reframing, incompatible beliefs, information about emotional consequences, information
about health consequences, information about others’ approval, information about social and environ-
mental consequences, and pros and cons.

Anticipated regret, comparative imagining of future outcomes, feedback on outcome(s) of behavior,
framing or reframing, information about emotional consequences, information about health consequences,
information about others' approval, information about social and environmental conseguences, and pros
and cons.

Anticipated regret, comparative imagining of future outcomes, information about health consequences,
pros and cons, and reattribution.

Conserving mental resources, habit formation, problem solving, and prompts or cues.

Anticipated regret, credible source, feedback on outcome(s) of behavior, information about health con-
sequences, pros and cons, and self-monitoring of outcome(s) of behavior.

Behavioral practice or rehearsal, feedback on outcome(s) of behavior, focus on past success, graded
tasks, identification of self asarole model, information about others' approval, mental rehearsal of
successful performance, monitoring of emotional consequences, reduce negative emotions, self-talk,
social reward, socia support - emotional, and verbal persuasion about capability.

Anticipated regret, comparative imagining of future outcomes, information about others’ approval, socia
comparison, social support - emotional, social support - practical, and social support -unspecified.
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Theoretical constructs and behavioral
strategies

Behavior change techniques

Social context (support, influence, and
stigma)

Behavioral strategy

Coping with side effects

Credible source
Demonstration of the behavior

Habits

Health-related information and knowl-
edge

Problem solving
Prompts and reminders

Self-adjustment and experimentation
with medication dose and frequency

Self-management strategies

Self-monitoring of outcome(s) of behav-
ior

Self-monitoring of symptoms

Tailoring care plan

Avoidance or reducing exposure to cuesfor the behavior, credible source, demonstration of the behavior,
generalization of atarget behavior, identification of self asrole model, incompatible beliefs, information
about antecedents, information about health consequences, information about others' approval, restruc-
turing the social environment, social comparison, social support - emotional, social support - practical,
social support - unspecified, and valued self-identity.

Anticipated regret, information about health consequences, problem solving, social support - emotional,
social support - practical, and reattribution.

Credible source.
Demonstration of the behavior.

Action planning, behavioral practice or rehearsal, generalization of target behavior, graded tasks, habit
formation, and habit reversal.

Action planning, credible source, information about emotional consequences, information about health
consequences, information about social and environmental conseguences, instruction on how to perform
the behavior, reattribution, salience of conseguences, and social support - practical.

Action planning and problem solving.
Adding objects to the environment, prompts or cues, and restructuring the physical environment.

Anticipated regret, behavioral experiments, comparative imagining of future outcomes, framing or re-
framing, generalization of atarget behavior, information about health consegquences, reattribution,
problem solving, pros and cons, self-monitoring of behavior, and self-monitoring of outcome(s) of be-
havior.

Behavioral practice or rehearsal, generalization of atarget behavior, graded tasks, and habit formation.

Behavioral experiments, feedback on outcome(s) of behavior, self-monitoring of behavior, and self-
monitoring of outcome(s) of behavior.

Information about health consequences, self-monitoring of behavior, and self-monitoring of outcome(s)
of behavior.

Action planning, information about health consequences, graded tasks, and problem solving.
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Textbox 1. The 46 behavior change techniques (grouped according to the behavior change technique taxonomy version 1) identified from systematic
reviews of quantitative and qualitative studies as being promising candidates for future brief message interventions.

1. Goals and planning

1.2. Problem solving

1.4. Action planning

2. Feedback and monitoring

2.3. Self-monitoring of behavior

2.4. Self-monitoring of outcome(s) of behavior
2.7. Feedback on outcome(s) of behavior

3. Social support

3.1. Social support (unspecified)

3.2. Socia support (practical)

3.3. Social support (emotional)

4. Shaping knowledge

4.1. Instruction on ow to perform the behavior
4.2. Information about antecedents

4.3. Reattribution

4.4. Behaviora experiments

5. Natural consequences

5.1. Information about health consequences
5.3. Information about social and environmental consegquences
5.2. Sdlience of consequences

5.4. Monitoring of emotional conseguences
5.5. Anticipated regret

5.6. Information about emotional consequences
6. Comparison of behavior

6.1. Demonstration of behavior

6.2. Social comparison

6.3. Information about others’ approval

7. Associations

7.1. Prompts or cues

8. Repetition and substitution

8.1. Behavioral practice or rehearsal

8.3. Habit formation

8.6. Generalization of target behavior

8.4. Habit reversal

8.7. Graded tasks

9. Comparison of outcomes

9.1. Credible source

9.2. Pros and cons

9.3. Comparative imagining of future outcomes
10. Reward and threat

10.4. Social reward

11. Regulation

https://www.jmir.org/2019/1/e10421/ JMed Internet Res 2019 | vol. 21 |iss. 1| €10421 | p. 13
(page number not for citation purposes)

RenderX


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

JOURNAL OF MEDICAL INTERNET RESEARCH

Longet d

11.2. Reduce negative emotions

11.3. Conserving mental resources

12. Antecedents

12.1. Restructuring the physical environment
12.2. Restructuring the socia environment

12.3. Avoidance or reducing exposure to cues for the behavior
12.5. Adding objects to the environment

13. Identity

13.1. Identification of self as role model

13.2. Framing or reframing

13.3. Incompatible beliefs

13.4. Valued self-identity

13.5. Identity associated with changed behavior
14. Self-belief

14.1. Verba persuasion about capability

14.2. Mental rehearsal of successful performance
14.3. Focus on past success

14.4. Self-talk

Discussion

Principal Findings

This rapid review identified 25 published systematic reviews
of medication adherence in patients with physical health
conditions and extracted atotal of 20 theoretical constructsand
19 behavioral strategies associated with medication adherence.
These constructs and strategies were mapped to 46 applicable
BCTs from the BCTT version 1 [27], which can be used in
future medication adherence interventions. In the first stage,
thereviews of quantitative research gaveriseto 34 BCTsrelated
to adherence in a broad range of chronic physical health
conditions. To ensure the specific context of adherence in type
2 diabetes was accounted for, 12 additiona BCTs were
identified following review of the diabetes-specific qualitative
data

Strengths

This review has several strengths. It isthe first rapid review of
systematic reviewsthat aimed to identify theoretical constructs
and behavioral strategies related to medication adherence in
patientswith type 2 diabetes. We have followed established and
explicit systematic review methodology for this rapid review;
thus, minimizing bias in literature searching, retrieval, and
appraisal [57]. Furthermore, taking arapid systematic approach
to synthesize an evidence base and using systematic review
methodsto consider existing systematic reviewsare 2 rel atively
new approaches to evidence synthesis. In addition, this review
proposes a novel approach to develop message content, which
could be used to inform future brief message-based or other
electronic health and maobile health (mHealth) interventions.
Use of the methodology of this review may lead to the
identification of promising BCTs for promoting alternative

https://www.jmir.org/2019/1/e10421/

health behaviors, as it is likely that different BCTs will be
relevant to different contexts. This has produced findings in
line with the validated BCTT [27], a leading classification
system by behavior change researchers. Finally, the use of theory
is often missing or inadequately reported in interventions for
enhancing adherence in patients with type 2 diabetes, which
makes it difficult to interpret why, how, and where theory may
have impacted intervention success[26]. Thisrapid review starts
to address these issues, proposing why, how, and where to
incorporate BCTs in brief message intervention design.

Limitations

This review has several limitations. We used a simple search
strategy to facilitate a rapid review. Although this was
appropriate for our aims, forward and backward citation
searching may have improved the comprehensiveness of the
literature identified. A number of systematic reviews were
excluded because the independent relationship between
theoretical constructs and behavioral strategies and medication
adherence were not reported, and instead, the focus was on
establishing the overall effectiveness of generally complex
interventions. The quality of the included reviews was not
assessed and, therefore, the possiblerisk of biasin theincluded
systemic reviews is unknown. However, eligible reviews had
to have been conducted systematically to maintain a minimum
requirement of methodological rigor. Furthermore, consensus
on the definition, and essential methodological processes, of
rapid reviews has not been reached [58-60] and the necessity
of the quality assessment stage has been debated [30]. We
adhered to a set of defining characteristics proposed for rapid
reviews by recent research [30]. In amodified Delphi consensus
study, and based on the opinion of 66 literature experts, Kelly
and colleagues [30] concluded that rapid reviews (1) are
conducted in a shorter time frame than systematic reviews
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(completed in up to 3 months, compared with an average 15
months for a full systematic review) [61-63], (2) use the most
systematic and rigorous methods to synthesize evidence and
answer the research question(s) as the time limit permits, (3)
tailor methods typical of a systematic review to accelerate the
review process, and (4) aretransparent in reporting all methods
and findings. By following these guidelines, we have produced
amethodologically strong rapid review.

Our method of mapping was adapted from the intervention
mapping approach and incorporated the subjective views of the
authors. In future, primary research may benefit from using
more rigorous and reproducible methods of mapping. Thismay
be achieved through the use of established coding frames and
mapping techniques derived more heavily from theintervention
mapping literature. Valuable research in the area of mapping
theoretical constructsto BCTsisunderway and this should serve
to progress and inform future endeavors of asimilar nature[64].
However, thereis currently no consensus on how to do this[64]
and, as such, our approach was appropriate for our aim to
identify a selection of BCTsthat can be used asabasisfor future
research.

Implications and Future Research

The primary practical contribution of this review is the
identification of promising intervention content in the form of
a set of 46 BCTs. These could be used by researchers to form
the basis for developing brief messages in interventions to
promote medication adherence in people with type 2 diabetes.
Such interventions are a promising avenue for improving
adherence [26]. Given the aims of our wider program of
research, we advocate this particular application of our findings,
but our findingsare not limited to brief messages or populations
with type 2 diabetes. The comprehensive list of BCTs could be
incorporated into other modes of intervention delivery, with a
variety of interactive capabilities, for example, mobile phone
apps. In addition, the 34 BCTs mapped solely from the
guantitative review findings may be applied more broadly to
medication adherence in chronic physical health conditions,
provided unique socia and contextual influences on adherence
were taken into account.

The primary research implication of this review is that it
facilitates the devel opment of a body of brief messages based
ontheidentified BCTs. Each message could incorporateaBCT
and use it to frame and support different aspects of adherence
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behavior in people with type 2 diabetes. It will be important to
ensure that messages accurately reflect the BCTs with which
they are associated. The process of content development may
be improved by seeking expert input. Thisis the next planned
step in our program of research; health care professionals and
behavioral scientists will be asked to generate brief messages
based on thetarget BCTs. These messages and associated BCTs
will be further tested in people with type 2 diabetes to assess
credibility and acceptability, and subsequently in behavioral
scientiststo assessfidelity. Following this, afeasibility trial and
a full RCT will assess the effectiveness of the brief message
intervention to support medication adherence in people with
type 2 diabetes. The approach of thisreview may be particularly
suited to the area of adherence, given that the need for new
approaches has been identified by leading systematic reviews
[13]. More broadly, other researchers may wish to adapt our
approach to develop novel interventions for other behaviors or
populations where there is a need.

This review is a starting point; we have cast a wide net to
suggest new intervention content, given that existing
interventions have been found to have little effect on medication
adherence. Further research is needed to establish more precisely
which BCTs might be most effective at supporting medication
adherence in particular contexts as well as the factors that may
influence effectiveness. In the context of diabetes, these factors
could include health literacy, diabetes health competency, and
numeracy. Thisiscomplex to establish, and such questionswere
beyond the scope of this review. When selecting BCTS,
researchers should be guided by what they understand of the
context and mode of intervention delivery and nominate BCTs
that suit their particular setting, population, and research aims
while considering any rel evant disease-specific research. It will
be important to achieve a balance between learning from
previous evidence in the field and testing novel approaches to
support adherence.

Conclusions

Thisreview hasidentified arange of theoretical constructs and
behavioral strategies related to medication adherence and
mapped these to 46 BCTsthat may show promisein supporting
adherence in people with type 2 diabetes. We propose
devel oping and testing the effectiveness of brief message content
in SMS text messages based on the 46 BCTs and have, thus,
described a novel approach to designing the content of brief
messages to optimize mHealth interventions.

This review presents independent research funded by the National Institute for Health Research (NIHR) under its Programme
Grants for Applied Research program (RP-PG-1214-20003). The views expressed are those of the authors and not necessarily
those of the National Health Service, the NIHR, or the Department of Health and Social Care. The SUMMIT-D research team
acknowledges the support of the NIHR through the Clinical Research Network.

Conflictsof I nterest
None declared.

Multimedia Appendix 1
Main characteristics of the included systematic reviews.

https://www.jmir.org/2019/1/e10421/

JMed Internet Res 2019 | vol. 21 |iss. 1 | €10421 | p. 15
(page number not for citation purposes)


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

JOURNAL OF MEDICAL INTERNET RESEARCH Long et a

[PDE File (Adobe PDF File), 51KB-Multimedia Appendix 1]

Multimedia Appendix 2
The coded qualitative data.

[PDE File (Adobe PDF File), 116K B-Multimedia Appendix 2]

Multimedia Appendix 3
Behavior change technique definitions from Michie et a (2013) behavior change technique taxonomy version 1.

[PDE File (Adobe PDF File), 56K B-Multimedia Appendix 3]

References

10.

11.

12.

13.

14.

15.

16.

17.

World Health Organization. 2016. Global report on diabetes URL : http://apps.who.int/iris/bitstream/10665/204871/1/
9789241565257 _eng.pdf [accessed 2018-03-08] [WebCite Cache ID 6xImM 10w7]

IDF Diabetes Atlas, 8th ed. Brussels, Belgium: International Diabetes Federation; 2017.

National DlabetesAudlt NHS Dlgltal National diabetesaudit 2012- 2013 URL httQS.//fI|eSdIglta| nhsuk/gubllcanonlm;:_)ort/

[accessed 2018-03-08] [WebCite Cache ID 74|QbHGmR )

Cramer JA, Benedict A, Muszbek N, Keskinaslan A, Khan ZM. The significance of compliance and persistence in the
treatment of diabetes, hypertension and dyslipidaemia: areview. Int J Clin Pract 2008 Jan;62(1):76-87 [FREE Full text]
[doi: 10.1111/j.1742-1241.2007.01630.X] [Medline: 17983433]

Farr AM, Sheehan JJ, Curkendall SM, Smith DM, Johnston SS, Kalsekar |. Retrospective analysis of long-term adherence
to and persistence with DPP-4 inhibitorsin US adults with type 2 diabetes mellitus. Adv Ther 2014 Dec;31(12):1287-1305
[FREE Full text] [doi: 10.1007/s12325-014-0171-3] [Medline: 25504156]

Krass |, Schieback P, Dhippayom T. Adherence to diabetes medication: a systematic review. Diabet Med 2015
Jun;32(6):725-737. [doi: 10.1111/dme.12651] [Medline: 25440507]

Hertz RP, Unger AN, Lustik MB. Adherence with pharmacotherapy for type 2 diabetes: a retrospective cohort study of
adultswith employer-sponsored health insurance. Clin Ther 2005 Jul;27(7):1064-1073. [doi: 10.1016/j.clinthera.2005.07.009]
[Medline: 16154485]

Farmer AJ, Rodgers LR, Lonergan M, Shields B, Weedon MN, Donnelly L, et al. Adherence to oral glucose-lowering
therapies and associations with 1-year HbA 1c: aretrospective cohort analysisin alarge primary care database. Diabetes
Care 2016 Feb;39(2):258-263 [FREE Full text] [doi: 10.2337/dc15-1194] [Medline: 26681714]

Pladevall M, WilliamsLK, PottsLA, Divine G, Xi H, LafataJE. Clinical outcomes and adherence to medications measured
by claims datain patients with diabetes. Diabetes Care 2004 Dec;27(12):2800-2805 [FREE Full text] [Medline: 15562188]
Egede LE, Gebregziabher M, Dismuke CE, Lynch CP, Axon RN, Zhao Y, et al. Medication nonadherence in diabetes:
longitudinal effects on costs and potential cost savings from improvement. Diabetes Care 2012 Dec;35(12):2533-2539
[FREE Full text] [doi: 10.2337/dc12-0572] [Medline: 22912429]

Kanavos P, van den Aardweg S, Schurer W. L SE Health. London: London School of Economics; 2012 Jan. Diabetes
expenditure, burden of disease and management in 5 EU countries URL : http://www.lse.ac.uk/busi ness-and-consultancy/
consulting/assets/documents/di abetes-expendi ture-burden-of -di sease-and-management-in-5-eu-countries.pdf [accessed

2018-11-16] [WebCite Cache ID 73xvYayyp]
Viswanathan M, Golin CE, Jones CD, Ashok M, Blalock SJ, Wines RC, et al. Interventions to improve adherence to

self-administered medications for chronic diseases in the United States: a systematic review. Ann Intern Med 2012 Dec
4;157(11):785-795. [doi: 10.7326/0003-4819-157-11-201212040-00538] [Medline: 22964778]

Nieuwlaat R, Wilczynski N, Navarro T, Hobson N, Jeffery R, Keepanasseril A, et al. Interventionsfor enhancing medication
adherence. Cochrane Database Syst Rev 2014;11:CD000011. [doi: 10.1002/14651858.CD000011.pub4] [Medline: 25412402]
Doggrell SA. Doesintervention by an allied health professional discussing adherence to medicinesimprove this adherence
in Type 2 diabetes? Diabet Med 2010 Dec;27(12):1341-1349. [doi: 10.1111/j.1464-5491.2010.03137.x] [Medline: 21059085]
Lindenmeyer A, Hearnshaw H, Vermeire E, Van Royen P, Wens J, Biot Y. Interventions to improve adherence to medication
in people with type 2 diabetes mellitus: areview of the literature on the role of pharmacists. J Clin Pharm Ther 2006
Oct;31(5):409-419. [doi: 10.1111/j.1365-2710.2006.00759.X] [Medline: 16958818]

Omran D, GuirguisLM, Simpson SH. Systematic review of pharmacist interventionsto improve adherenceto oral antidiabetic
medications in people with type 2 diabetes. Can J Diabetes 2012 Oct;36(5):292-299. [doi: 10.1016/j.jcjd.2012.07.002]
Sapkota S, Brien J, Greenfield J, Aslani P. A systematic review of interventions addressing adherence to anti-diabetic
medications in patients with type 2 diabetes--impact on adherence. PLoS One 2015 Feb 24;10(2):e0118296 [FREE Full
text] [doi: 10.1371/journal.pone.0118296] [Medline: 25710465]

https://www.jmir.org/2019/1/e10421/ JMed Internet Res 2019 | vol. 21 | iss. 1 | 10421 | p. 16

RenderX

(page number not for citation purposes)


https://jmir.org/api/download?alt_name=jmir_v21i1e10421_app1.pdf
https://jmir.org/api/download?alt_name=jmir_v21i1e10421_app1.pdf
https://jmir.org/api/download?alt_name=jmir_v21i1e10421_app2.pdf
https://jmir.org/api/download?alt_name=jmir_v21i1e10421_app2.pdf
https://jmir.org/api/download?alt_name=jmir_v21i1e10421_app3.pdf
https://jmir.org/api/download?alt_name=jmir_v21i1e10421_app3.pdf
http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf
http://apps.who.int/iris/bitstream/10665/204871/1/9789241565257_eng.pdf
http://www.webcitation.org/

                                            6xlmM1Ow7
https://files.digital.nhs.uk/publicationimport/pub14xxx/pub14970/nati-diab-audi-12-13-care-proc-rep.pdf and the archived link is http://www.webcitation.org/74pbHGmRe
https://files.digital.nhs.uk/publicationimport/pub14xxx/pub14970/nati-diab-audi-12-13-care-proc-rep.pdf and the archived link is http://www.webcitation.org/74pbHGmRe
http://www.webcitation.org/

                                            74pbHGmRe
http://dx.doi.org/10.1111/j.1742-1241.2007.01630.x
http://dx.doi.org/10.1111/j.1742-1241.2007.01630.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17983433&dopt=Abstract
http://europepmc.org/abstract/MED/25504156
http://dx.doi.org/10.1007/s12325-014-0171-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25504156&dopt=Abstract
http://dx.doi.org/10.1111/dme.12651
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25440507&dopt=Abstract
http://dx.doi.org/10.1016/j.clinthera.2005.07.009
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16154485&dopt=Abstract
http://europepmc.org/abstract/MED/26681714
http://dx.doi.org/10.2337/dc15-1194
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26681714&dopt=Abstract
http://europepmc.org/abstract/MED/15562188
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15562188&dopt=Abstract
http://europepmc.org/abstract/MED/22912429
http://dx.doi.org/10.2337/dc12-0572
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22912429&dopt=Abstract
http://www.lse.ac.uk/business-and-consultancy/consulting/assets/documents/diabetes-expenditure-burden-of-disease-and-management-in-5-eu-countries.pdf
http://www.lse.ac.uk/business-and-consultancy/consulting/assets/documents/diabetes-expenditure-burden-of-disease-and-management-in-5-eu-countries.pdf
http://www.webcitation.org/

                                            73xvYayyp
http://dx.doi.org/10.7326/0003-4819-157-11-201212040-00538
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22964778&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD000011.pub4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25412402&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-5491.2010.03137.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=21059085&dopt=Abstract
http://dx.doi.org/10.1111/j.1365-2710.2006.00759.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16958818&dopt=Abstract
http://dx.doi.org/10.1016/j.jcjd.2012.07.002
http://dx.plos.org/10.1371/journal.pone.0118296
http://dx.plos.org/10.1371/journal.pone.0118296
http://dx.doi.org/10.1371/journal.pone.0118296
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25710465&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Long et a

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

35.

36.

37.

38.

Wens J, Vermeire E, Hearnshaw H, Lindenmeyer A, Biot Y, Van Royen P. Educational interventions aiming at improving
adherence to treatment recommendationsin type 2 diabetes: a sub-analysis of asystematic review of randomised controlled
trials. Diabetes Res Clin Pract 2008 Mar;79(3):377-388. [doi: 10.1016/j.diabres.2007.06.006] [Medline: 17643546]
International Telecommunications Union. 2014. ICT facts and figures URL : https.//www.itu.int/en/| TU-D/Statistics/
Documents/facts/| CT FactsFigures2014-e.pdf [accessed 2018-11-13] [WebCite Cache ID 73tfHRpY ]

Office of National Statistics. 2014. List of tables: Appendix A URL : https.//www.ons.gov.uk/peopl epopul ationandcommunity/
personal andhousehol dfinances/incomeandweal th/compendi um/familyspending/2015/listoftabl esappendixa [accessed
2018-03-08] [WebCite Cache ID 6xImru9l O]

Office of National Statistics. 2017. Internet access - households and individuals URL : https.//www.ons.gov.uk/

peopl epopul ationandcommunity/househol dcharacteristi cs’/homei nternetandsoci al medi ausage/bul [ eting/
internetaccesshousehol dsandindividual /2017 [accessed 2018-03-08] [WebCite Cache ID 6xImvP7GP]

Pew Research Centre. 2017. Mobilefact sheet URL : http://www.pewinternet.org/fact-sheet/mobile/ [accessed 2018-03-08]
[WebCite Cache ID 6xIn63MWDb]

Hurling R, Fairley BW, Dias M B. Internet-based exercise intervention systems: are more interactive designs better? Psychol
Health 2006 Dec;21(6):757-772. [doi: 10.1080/14768320600603257]

Hurling R, Catt M, Boni MD, Fairley BW, Hurst T, Murray P, et al. Using internet and maobile phone technology to deliver
an automated physical activity program: randomized controlled trial. JMed Internet Res 2007 Apr;9(2):e7 [FREE Full text]
[doi: 10.2196/jmir.9.2.e7] [Medline: 17478409]

Moore MJ, Soderquist J, Werch C. Feasibility and efficacy of a binge drinking prevention intervention for college students
delivered viathe Internet versus postal mail. JAm Coll Health 2005;54(1):38-44. [doi: 10.3200/JACH.54.1.38-44] [Medline:
16050327]

Farmer AJ, McSharry J, Rowbotham S, McGowan L, Ricci-Cabello |, French DP. Effects of interventions promoting
monitoring of medication use and brief messaging on medication adherence for people with Type 2 diabetes: a systematic
review of randomized trials. Diabet Med 2015 Oct 15;33(5):565-579. [doi: 10.1111/dme.12987] [Medline: 26470750]
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]

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 Jan;12(1):e4 [EREE Full text] [doi: 10.2196/jmir.1376] [Medline: 20164043]

The Center for Research in Implementation Science and Prevention. 2013. Text messaging in healthcare research toolkit
URL: http://www.ucdenver.edu/academi cs/colleges/medi cal school/programs/crisp/training/tool kits/textingtool kit/Documents/
Text%20M essaging%620in%20Heal thcare%20Research%20Tool kit%202.pdf [accessed 2018-03-08] [WebCite Cache ID
6xIniD5AX]

Kelly SE, Moher D, Clifford TJ. Defining rapid reviews: a modified Delphi consensus approach. Int J Technol Assess
Health Care 2016 Jan;32(4):265-275. [doi: 10.1017/S0266462316000489] [Medline: 27724987]

Michie S, Johnston M, Francis J, Hardeman W, Eccles M. From theory to intervention: mapping theoretically derived
behavioural determinants to behaviour change techniques. Appl Psychology 2008 Oct 1;57(4):660-680. [doi:
10.1111/j.1464-0597.2008.00341.X]

Bartholomew L, Markham C, Ruiter R, Kok G, Parcel G. Chapter 1. Overview of intervention mapping. In: Planning health
promotions: an intervention mapping approach. Hoboken, NJ: John Wiley & Sons; 2016:21-22.

Broekmans S, Dobbels F, Milisen K, Morlion B, Vanderschueren S. Medication adherence in patients with chronic
non-malignant pain: isthere aproblem? Eur J Pain 2009 Feb;13(2):115-123. [doi: 10.1016/j.€jpain.2008.02.010] [Medline:
18467138]

Fogarty L, Roter D, Larson S, Burke J, Gillespie J, Levy R. Patient adherence to HIV medication regimens: areview of
published and abstract reports. Patient Educ Couns 2002 Feb;46(2):93-108. [Medline: 11867239

Ng CJ, Lai PS, Lee YK, Azmi SA, Teo CH. Barriers and facilitators to starting insulin in patients with type 2 diabetes: a
systematic review. Int J Clin Pract 2015 Oct;69(10):1050-1070. [doi: 10.1111/ijcp.12691] [Medline: 26147376]

Conn VS, Hafdahl AR, Cooper PS, Ruppar TM, Mehr DR, Russell CL. Interventions to improve medication adherence
among older adults: meta-analysis of adherence outcomes among randomized controlled trials. Gerontol ogist 2009
Aug;49(4):447-462. [doi: 10.1093/geront/gnp037] [Medline: 19460887]

ConnVS, Ruppar TM, Enriquez M, Cooper PS, Chan KC. Healthcare provider targeted interventionsto improve medication
adherence: systematic review and meta-analysis. Int J Clin Pract 2015 Aug;69(8):889-899 [FREE Full text] [doi:
10.1111/ijcp.12632] [Medline: 25728214]

Conn V'S, Ruppar TM, Chase JD, Enriquez M, Cooper PS. Interventions to improve medication adherence in hypertensive
patients: systematic review and meta-analysis. Curr Hypertens Rep 2015 Dec;17(12):94 [EREE Full text] [doi:
10.1007/s11906-015-0606-5] [Medline: 26560139]

https://www.jmir.org/2019/1/e10421/ JMed Internet Res 2019 | vol. 21 | iss. 1 | 10421 | p. 17

(page number not for citation purposes)


http://dx.doi.org/10.1016/j.diabres.2007.06.006
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17643546&dopt=Abstract
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2014-e.pdf
https://www.itu.int/en/ITU-D/Statistics/Documents/facts/ICTFactsFigures2014-e.pdf
http://www.webcitation.org/

                                            73tfHRpYt
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/compendium/familyspending/2015/listoftablesappendixa
https://www.ons.gov.uk/peoplepopulationandcommunity/personalandhouseholdfinances/incomeandwealth/compendium/familyspending/2015/listoftablesappendixa
http://www.webcitation.org/

                                            6xlmru9IO
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/internetaccesshouseholdsandindividuals/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/internetaccesshouseholdsandindividuals/2017
https://www.ons.gov.uk/peoplepopulationandcommunity/householdcharacteristics/homeinternetandsocialmediausage/bulletins/internetaccesshouseholdsandindividuals/2017
http://www.webcitation.org/

                                            6xlmvP7GP
http://www.pewinternet.org/fact-sheet/mobile/
http://www.webcitation.org/

                                            6xln63MWb
http://dx.doi.org/10.1080/14768320600603257
http://www.jmir.org/2007/2/e7/
http://dx.doi.org/10.2196/jmir.9.2.e7
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17478409&dopt=Abstract
http://dx.doi.org/10.3200/JACH.54.1.38-44
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=16050327&dopt=Abstract
http://dx.doi.org/10.1111/dme.12987
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26470750&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://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://www.ucdenver.edu/academics/colleges/medicalschool/programs/crisp/training/toolkits/textingtoolkit/Documents/Text%20Messaging%20in%20Healthcare%20Research%20Toolkit%202.pdf
http://www.ucdenver.edu/academics/colleges/medicalschool/programs/crisp/training/toolkits/textingtoolkit/Documents/Text%20Messaging%20in%20Healthcare%20Research%20Toolkit%202.pdf
http://www.webcitation.org/

                                            6xlniD5Ax
http://www.webcitation.org/

                                            6xlniD5Ax
http://dx.doi.org/10.1017/S0266462316000489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27724987&dopt=Abstract
http://dx.doi.org/10.1111/j.1464-0597.2008.00341.x
http://dx.doi.org/10.1016/j.ejpain.2008.02.010
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=18467138&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=11867239&dopt=Abstract
http://dx.doi.org/10.1111/ijcp.12691
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26147376&dopt=Abstract
http://dx.doi.org/10.1093/geront/gnp037
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=19460887&dopt=Abstract
http://europepmc.org/abstract/MED/25728214
http://dx.doi.org/10.1111/ijcp.12632
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25728214&dopt=Abstract
http://europepmc.org/abstract/MED/26560139
http://dx.doi.org/10.1007/s11906-015-0606-5
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26560139&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH Long et a

39.

40.

41.

42.

43.

45,

46.

47.

48.

49,

50.

51.

52.

53.

55.

56.

57.

58.

59.

60.

Conn VS, Ruppar TM, Enriquez M, Cooper P. Medication adherence interventions that target subjects with adherence
problems: systematic review and meta-analysis. Res Social Adm Pharm 2016 Mar;12(2):218-246 [FREE Full text] [doi:
10.1016/j.sapharm.2015.06.001] [Medline: 26164400]

Conn VS, Ruppar TM. Medication adherence outcomes of 771 intervention trials: systematic review and meta-analysis.
Prev Med 2017 Jun;99:269-276. [doi: 10.1016/j.ypmed.2017.03.008] [Medline: 28315760]

Cutrona SL, Choudhry NK, Stedman M, Servi A, Liberman JN, Brennan T, et a. Physician effectiveness in interventions
toimprove cardiovascular medication adherence: asystematic review. JGen Intern Med 2010 Oct;25(10):1090-1096 [ FREE
Full text] [doi: 10.1007/s11606-010-1387-9] [Medline: 20464522]

Devine EC, Reifschneider E. A meta-analysis of the effects of psychoeducational care in adults with hypertension. Nurs
Res 1995 Aug;44(4):237-245. [Medline: 7624235]

Dew MA, DiMartini AF, De Vito Dabbs A, Myaskovsky L, Steel J, Unruh M, et a. Rates and risk factors for nonadherence
to the medical regimen after adult solid organ transplantation. Transplantation 2007 Apr 15;83(7):858-873. [doi:
10.1097/01.tp.0000258599.65257.a6] [Medline: 17460556]

HolmesEA, Hughes DA, Morrison VL. Predicting adherence to medi cations using health psychology theories: asystematic
review of 20 years of empirical research. Value Health 2014 Dec;17(8):863-876 [FREE Full text] [doi:
10.1016/j.jval.2014.08.2671] [Medline: 25498782]

Kahwati L, Viswanathan M, Golin CE, KaneH, LewisM, Jacobs S. Identifying configurations of behavior change techniques
in effective medication adherence interventions: a qualitative comparative analysis. Syst Rev 2016 May 04;5(1):83 [FREE
Full text] [doi: 10.1186/s13643-016-0255-z] [Medline: 27209092]

Ruppar TM, Delgado JM, Temple J. Medication adherence interventions for heart failure patients: a meta-analysis. Eur J
Cardiovasc Nurs 2015 Oct;14(5):395-404. [doi: 10.1177/1474515115571213] [Medline: 25669661]

Schedlbauer A, Davies P, Fahey T. Interventions to improve adherence to lipid lowering medication. Cochrane Database
Syst Rev 2010 Mar 17(3):CD004371. [doi: 10.1002/14651858.CD004371.pub3] [Medline: 20238331]

Simoni JM, Pearson CR, Pantalone DW, Marks G, Crepaz N. Efficacy of interventionsin improving highly active
antiretroviral therapy adherence and HIV-1 RNA viral load. A meta-analytic review of randomized controlled trials. J
Acquir Immune Defic Syndr 2006 Dec 1;43(Suppl 1):S23-S35[FREE Full text] [doi: 10.1097/01.gai.0000248342.05438.52]
[Medline: 17133201]

Takiya LN, Peterson AM, Finley RS. Meta-analysis of interventions for medication adherence to antihypertensives. Ann
Pharmacother 2004 Oct;38(10):1617-1624. [doi: 10.1345/aph.1D268] [Medline: 15304624]

Teeter BS, Kavookjian J. Telephone-based motivational interviewing for medication adherence: asystematic review. Trand
Behav Med 2014 Dec;4(4):372-381 [FREE Full text] [doi: 10.1007/s13142-014-0270-3] [Medline: 25584086]

Thorneloe RJ, Bundy C, Griffiths CE, Ashcroft DM, Cordingley L. Adherence to medication in patients with psoriasis: a
systematic literature review. Br J Dermatol 2013 Jan 01;168(1):20-31. [doi: 10.1111/bjd.12039] [Medline: 22963128]

Xu A, Chomutare T, lyengar S. Persuasive attributes of medication adherence interventions for older adults: a systematic
review. Technol Health Care 2014 Jan 01;22(2):189-198. [doi: 10.3233/THC-140812] [Medline: 24837055]

Vignon Zomahoun HT, de Bruin M, Guillaumie L, Moisan J, Grégoire J, Pérez N, et al. Effectiveness and content analysis
of interventions to enhance oral antidiabetic drug adherence in adults with type 2 diabetes: systematic review and
meta-analysis. Value Health 2015 Jun 01;18(4):530-540 [FREE Full text] [doi: 10.1016/j.jval.2015.02.017] [Medline:
26091607]

Brundisini F, Vanstone M, Hulan D, DeJean D, Giacomini M. Type 2 diabetes patients and providers differing perspectives
on medication nonadherence: a qualitative meta-synthesis. BMC Health Serv Res 2015 Nov 23;15:516 [FREE Full text]
[doi: 10.1186/s12913-015-1174-8] [Medline: 26596271]

Kumar K, Greenfield S, Raza K, Gill P, Stack R. Understanding adherence-related beliefs about medicine amongst patients
of South Asian origin with diabetes and cardiovascular disease patients: a qualitative synthesis. BMC Endocr Disord 2016
May 26;16(1):24 [FREE Full text] [doi: 10.1186/s12902-016-0103-0] [Medline: 27230479]

McSharry J, McGowan L, Farmer AJ, French DP. Perceptions and experiences of taking oral medications for the treatment
of Type 2 diabetes mellitus: a systematic review and meta-synthesis of qualitative studies. Diabet Med 2016
Dec;33(10):1330-1338. [doi: 10.1111/dme.13152] [Medline: 27150899]

Centre for Reviews and Dissemination. Systematic reviews: CRD's guidance for undertaking reviews in health care. York:
University of York; Jan 2009.

Ganann R, Ciliska D, Thomas H. Expediting systematic reviews: methods and implications of rapid reviews. Implement
Sci 2010 Jul 19;5:56 [FREE Full text] [doi: 10.1186/1748-5908-5-56] [Medline: 20642853]

Harker J, Kleijnen J. What is arapid review? A methodological exploration of rapid reviewsin Health Technology
Assessments. Int J Evid Based Healthc 2012 Dec 01;10(4):397-410. [doi: 10.1111/j.1744-1609.2012.00290.x] [Medline:
23173665]

Khangura S, Polisena J, Clifford TJ, Farrah K, Kamel C. Rapid review: an emerging approach to evidence synthesisin
health technology assessment. Int J Technol AssessHealth Care 2014 Jan;30(1):20-27. [doi: 10.1017/S0266462313000664]
[Medline: 24451157]

https://www.jmir.org/2019/1/e10421/ JMed Internet Res 2019 | vol. 21 | iss. 1| €10421 | p. 18

(page number not for citation purposes)


http://europepmc.org/abstract/MED/26164400
http://dx.doi.org/10.1016/j.sapharm.2015.06.001
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26164400&dopt=Abstract
http://dx.doi.org/10.1016/j.ypmed.2017.03.008
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=28315760&dopt=Abstract
http://europepmc.org/abstract/MED/20464522
http://europepmc.org/abstract/MED/20464522
http://dx.doi.org/10.1007/s11606-010-1387-9
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20464522&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=7624235&dopt=Abstract
http://dx.doi.org/10.1097/01.tp.0000258599.65257.a6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17460556&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1098-3015(14)04621-X
http://dx.doi.org/10.1016/j.jval.2014.08.2671
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25498782&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0255-z
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/s13643-016-0255-z
http://dx.doi.org/10.1186/s13643-016-0255-z
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27209092&dopt=Abstract
http://dx.doi.org/10.1177/1474515115571213
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25669661&dopt=Abstract
http://dx.doi.org/10.1002/14651858.CD004371.pub3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20238331&dopt=Abstract
http://europepmc.org/abstract/MED/17133201
http://dx.doi.org/10.1097/01.qai.0000248342.05438.52
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=17133201&dopt=Abstract
http://dx.doi.org/10.1345/aph.1D268
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15304624&dopt=Abstract
http://europepmc.org/abstract/MED/25584086
http://dx.doi.org/10.1007/s13142-014-0270-3
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25584086&dopt=Abstract
http://dx.doi.org/10.1111/bjd.12039
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=22963128&dopt=Abstract
http://dx.doi.org/10.3233/THC-140812
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24837055&dopt=Abstract
http://linkinghub.elsevier.com/retrieve/pii/S1098-3015(15)01911-7
http://dx.doi.org/10.1016/j.jval.2015.02.017
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26091607&dopt=Abstract
https://bmchealthservres.biomedcentral.com/articles/10.1186/s12913-015-1174-8
http://dx.doi.org/10.1186/s12913-015-1174-8
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=26596271&dopt=Abstract
https://bmcendocrdisord.biomedcentral.com/articles/10.1186/s12902-016-0103-0
http://dx.doi.org/10.1186/s12902-016-0103-0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27230479&dopt=Abstract
http://dx.doi.org/10.1111/dme.13152
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27150899&dopt=Abstract
https://implementationscience.biomedcentral.com/articles/10.1186/1748-5908-5-56
http://dx.doi.org/10.1186/1748-5908-5-56
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=20642853&dopt=Abstract
http://dx.doi.org/10.1111/j.1744-1609.2012.00290.x
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23173665&dopt=Abstract
http://dx.doi.org/10.1017/S0266462313000664
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=24451157&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

JOURNAL OF MEDICAL INTERNET RESEARCH

61.

62.

63.

Bero L, Busuttil G, Farquhar C, Koehimoos TP, Moher D, Nylenna M, et al. Measuring the performance of the Cochrane
library. Cochrane Database Syst Rev 2012 Nov 14;12:ED000048. [doi: 10.1002/14651858.ED000048] [Medline: 23235688]
Schiinemann HJ, Moja L. Reviews: Rapid! Rapid! Rapid! ...and systematic. Syst Rev 2015 Jan 14;4:4 [FREE Full text]

[doi: 10.1186/2046-4053-4-4] [Medline: 25589399]

Pai M, McCulloch M, Gorman JD, Pai N, Enanoria W, Kennedy G, et al. Systematic reviews and meta-analyses: an
illustrated, step-by-step guide. Natl Med JIndia 2004;17(2):86-95. [Medline: 15141602]

Michie S, Carey RN, Johnston M, Rothman AJ, de Bruin M, Kelly MP, et al. From theory-inspired to theory-based

interventions: a protocol for developing and testing a methodology for linking behaviour change techniques to theoretical
mechanismsof action. Ann Behav Med 2016 Jul 11;18(4):530-540. [doi: 10.1007/s12160-016-9816-6] [Medline: 27401001]

Abbreviations

©Hannah Long, Yvonne K Bartlett, Andrew J Farmer, David P French. Originally published in the Journal of Medical Internet
Research (http://www.jmir.org), 09.01.2019. 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
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

BCT: behavior change technique

BCTT: behavior change technigque taxonomy
BS: behavioral strategy

ES. effect size

MA: medication adherence

MeSH: Medical Subject Heading

mHealth: mobile health

NIHR: National Institute for Health Research
RCT: randomized controlled trial

SMD: standard mean difference

SMS: short message service

TC: theoretical construct

Edited by G Eysenbach; submitted 16.03.18; peer-reviewed by L Avery, C Osborn, S Skoviund; comments to author 31.07.18; revised
version received 25.09.18; accepted 03.10.18; published 09.01.19

Please cite as:

Long H, Bartlett YK, Farmer AJ, French DP

Identifying Brief Message Content for Interventions Delivered via Mobile Devices to Improve Medication Adherence in People With
Type 2 Diabetes Méllitus: A Rapid Systematic Review

J Med Internet Res 2019;21(1):€10421

URL: https://mww.jmir.org/2019/1/e10421/

doi: 10.2196/10421

PMID: 30626562

information must be included.

https://www.jmir.org/2019/1/e10421/

RenderX

Longet d

JMed Internet Res 2019 | vol. 21 | iss. 1 | 10421 | p. 19
(page number not for citation purposes)


http://dx.doi.org/10.1002/14651858.ED000048
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=23235688&dopt=Abstract
https://systematicreviewsjournal.biomedcentral.com/articles/10.1186/2046-4053-4-4
http://dx.doi.org/10.1186/2046-4053-4-4
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=25589399&dopt=Abstract
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=15141602&dopt=Abstract
http://dx.doi.org/10.1007/s12160-016-9816-6
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=27401001&dopt=Abstract
https://www.jmir.org/2019/1/e10421/
http://dx.doi.org/10.2196/10421
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&list_uids=30626562&dopt=Abstract
http://www.w3.org/Style/XSL
http://www.renderx.com/

