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Abstract

Purpose of Review The purpose of this review was to synthe-
size research findings from recently published randomized
controlled trials (RCTs) targeting any phase of medication
adherence, from initiation to discontinuation, among patients
with coronary heart disease (CHD).

Recent Findings We identified successful strategies and
promising practices for improving medication adherence
among patients diagnosed with CHD. Consistent intervention
strategies included the following: (1) facilitating patient-
provider communication, (2) using mHealth technologies
with emphasis on two-way communication, (3) providing pa-
tient education in tandem with lifestyle and behavioral
counseling, and (4) providing psychosocial support.
Regarding medication adherence phases, all studies examined
implementation (i.e., taking medications as prescribed over
time) and one also addressed treatment initiation (i.e., begin-
ning a new medication). None identified addressed discontin-
uation. Studies varied by use of objective, self-report, and a
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combination of outcome measures with a greater number
reporting only subjective measures of adherence. Key find-
ings remained mixed in supporting specific intervention de-
signs or delivery formats.

Summary This review addresses available data of promising
practices for improving CHD medication adherence. Future
studies are needed to examine intervention effectiveness, scal-
ability, and durability of observed outcome effects.
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MI Myocardial infarction

MMAS  Morisky Medication Adherence Scale
PCI Percutaneous coronary intervention
RCT Randomized controlled trial

SMS short message service or text message
Introduction

Globally, coronary heart disease (CHD) is a leading cause of
death and economic burden [1]. Patients with CHD are at
increased risk for hospitalization, myocardial infarction, and
mortality [2]. To reduce the risk of CHD-related morbidity and
mortality, programs to support behavioral changes—including
changes in physical activity, dietary consumption, smoking
and alcohol use, and medication adherence—are urgently
needed. Behavioral support interventions have the potential
to significantly improve CHD prevention and treatment. The
World Health Organization estimates that 80% of premature
heart disease, stroke, and diabetes could be prevented through
improvements in modifiable, behavioral risk factors [3].

Medication adherence is a particularly important modifi-
able, behavioral risk factor and is a cornerstone of CHD man-
agement. Several studies have demonstrated an association
between suboptimal medication adherence and adverse clini-
cal outcomes among patients with CHD [1, 4-6]. However,
like other chronic diseases, many patients with CHD struggle
to achieve optimal medication adherence. Adherence to
chronic disease medications is approximately 50% worldwide
[1]. Similarly, among patients with a previous myocardial in-
farction, adherence rates range from 13 to 61% [7]. There is an
urgent need for evidence-based programs to improve medica-
tion adherence among patients with CHD.

Improving medication adherence requires acknowledging
that adherence is a complex series of behaviors composed of
three phases: [1] initiation, beginning a new medication; [2]
implementation, taking a medication as prescribed over time;
and [3] discontinuation, stopping a medication for any reason
(either when not recommended or at the end of a specific
course of treatment) [8]. While the barriers to adherence
may differ across phases, patients with CHD and its risk fac-
tors experience adherence problems throughout this continu-
um. For example, at the initiation phase, one-in-five Medicare
patients fail to fill their prescriptions within 7 days after a
percutaneous intervention with a drug-eluting stent [9].
Regarding implementation, fewer than 50% of patients are
persistent with their statins 1 year after initiation despite statins
being associated with a 45% reduction in risk of mortality [9,
10]. At the discontinuation phase for patients with diabetes,
hypertension, and dyslipidemia, up to 50% of patients stop
their medications in the first year of prescription [11-13].
Across the phases, common barriers for medication adherence
include the following: polypharmacy, low disease-related
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knowledge, low health literacy, barriers to obtaining medica-
tion, forgetfulness, and cost, among others [14, 15].

While there remains room for improvement in CHD-
related medication adherence, there are successful strategies
known to improve medication adherence [16, 17, 18ee, 19ee].
Many studies have been conducted with the goal of improving
medication adherence among patients with CHD. Our objec-
tive was to synthesize information from recent randomized
controlled trials (RCTs) to determine promising practices for
improving medication adherence, from initiation to discontin-
uation, among patients with CHD.

Systematic Search Strategy

While this is not a systematic review, we used a systematic
search strategy to identify recently published RCTs aiming to
improve medication adherence among patients with CHD. We
searched PubMed to identify recently published studies ad-
dressing medication adherence among patients with CHD.
We limited our search to articles published in English during
the previous 5 years (January 1, 2012 through May 1, 2017)
and identified 77 articles [20-96]. We reviewed articles’ titles
and abstracts to remove articles for which CHD was not a
primary focus (n = 16), those that were primarily clinical in
nature (n = 3), commentaries and editorials (n = 4), and articles
that described a relevant protocol but only presented baseline
data or did not report study results (n = 9). In a secondary
review process, we removed articles that were observational
or cross-sectional (n = 25), literature reviews (n = 6), and non-
randomized interventions (n = 3). After completing this search
and screening process, we identified 11 RCTs. We report on
the RCTs in detail below (Table 1) and reference the other
identified articles for supportive, contextual information.

Synthesis of Key Findings
Approaches to Measure Adherence

There are a variety of approaches to measure medication ad-
herence. In the absence of a gold standard measure, the best
approach to measure adherence depends on the context and
other factors [102+]. Among the studies identified in our re-
view, most studies relied exclusively on patient self-reported
medication adherence [30, 39, 49, 77, 86]. One study collect-
ed two methods of self-reported adherence [65]. Within these
studies, a variety of specific self-report measures were used
including the four- and eight-item Morisky Medication
Adherence Scales in multiple languages [97, 98] and the
Al4-scale [99]. Only one study did not collect self-reported
medication adherence, instead relying exclusively on pharma-
cy refill claims to measure adherence [59]. While patient self-
report and pharmacy-based measures can be valuable tools to
assess adherence, each measure has advantages and
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disadvantages. Patient self-report is convenient to collect and
may provide rich information about reasons for non-adher-
ence, but is prone to over-reporting adherence. Similarly,
pharmacy-based measures may be ideal for understanding ad-
herence on a population level, but cannot provide contextual
information about reasons for non-adherence and cannot as-
sess whether patients actually consume the medication that
they have filled or refilled. Thus, it is generally advised that
a combination of direct and indirect measures of adherence be
simultaneously collected in order to triangulate adherence be-
haviors [103].

There were two studies that collected adherence informa-
tion from multiple data sources [53, 74, 75]. Park and col-
leagues collected both self-reported medication adherence
and used electronic bottles (e.g., MEMS) to triangulate adher-
ence [74, 75]. Kripalani and colleagues used both self-
reported medication adherence and a pharmacy-based mea-
sure [53]. Collecting adherence information from multiple da-
ta sources may be the best practice to triangulate actual adher-
ence behaviors. When data are available from multiple, com-
plementary sources (e.g., self-report plus pharmacy refill), this
may provide the opportunity to overcome traditional limita-
tions of either method if used independently.

The duration of outcome measurement is also noteworthy.
Optimal medication adherence requires persistence with prop-
er medication taking over time [8]. Measuring longer-term
outcomes is important to determine whether intervention ef-
fects are sustained over time and to estimate improvements in
health outcomes over time. Most studies were relatively short
in duration and measured shorter-term outcomes ranging from
approximately 30 days [65, 74, 75], to 90 days [30], and to
6 months [39, 77, 95]. Several studies measured adherence
outcomes at 1 year [49, 53, 86]. However, these assessments
typically corresponded with the length of the intervention as
opposed to evaluating whether treatment effects were
sustained after the intervention had been withdrawn. Future
studies should ideally collect outcome information after a pe-
riod of time post-intervention to determine whether the inter-
vention has a meaningful impact on medication adherence and
clinical outcomes in the mid- to long-term.

Consistent Intervention Strategies

While the included studies used a variety of intervention strat-
egies, we identified four common themes. The intervention
strategy themes were as follows: (1) facilitating communica-
tion between patients and providers, (2) using mobile health
(mHealth) technologies with emphasis on two-way communi-
cation, (3) providing patient education in tandem with lifestyle
and behavioral management counseling, and (4) providing
psychosocial support. There were several commonly used
strategies that spanned across these themes. For example,
medication dosing reminders were a commonly used strategy.

The specific delivery of medication reminders, scripted inter-
vention materials, and frequency of follow-up contact or ap-
pointments varied by study. Few studies (n = 3) referenced a
theoretical framework or model (e.g., Social Cognitive Theory
(74, 75), Goal Setting Theory [86], Leventhal’s Common
Sense Model of Illness [77]) to guide intervention design.

Intervention Strategy 1: Facilitating Patient and Provider
Communication

Five studies addressed facilitating and/or improving
provider-patient communication [30, 49, 59, 86, 95].
Interventions focused on the delivery of personalized care,
use of evidence-based guidelines, and ongoing collaboration
around identified patient goals and counsel. Commonly used
communication strategies included the teach-back method (a
communication method used by health care providers to ask
patients to explain information back to them to confirm com-
prehension), goal setting activities, and individualized treat-
ment planning. The teach-back method [30] was used to en-
hance treatment comprehension and goal setting theory
among patient-provider dyads improved feedback and medi-
cation adherence [86]. Other communication improvement
approaches included guiding patients through an individual-
ized discharge plan alongside their caregiver, formally
assessing patient feedback about program acceptability [49],
treating patients as ‘key’ members of their health care man-
agement team (e.g., continued provider-patient input about
maintenance and relapse prevention plans) [59], and frequent
communication of heart health management [95].

The specific strategies used to improve communication
between patients and providers guided the selection of the
type of health care professional serving as an intervention-
ist (e.g., pharmacists, clinical providers, nurses, health
counselors). The specific strategies matched the interven-
tionists’ clinical scope of practice. Pharmacists provided
the most in-depth management of medications including
medication reconciliation and review, patient education
for medication regimens, and lifestyle management with
monthly telephone follow-up [95]. In tandem with patients,
clinical providers engaged in goal setting, for example, to
manage and reduce behavioral or physical risk factors at
the end of rehabilitation [86]. Nurses were effective at de-
livering ongoing monitoring and follow-up and developing
individualized care plans, but did not modify medications
[59]. Like nurses, health counselors (i.e., trained health
counselors who held degrees in nursing, social work, or
nutrition) offered ongoing counseling sessions, but were
able to do so in much less clinical detail. Content typically
addressed diet, exercise, smoking cessation, and medica-
tion [49, 104]. Included in these counseling interventions
were assessments of lifestyle habits and barriers to healthy
living. One study used a team-based approach (i.e., a car-
diologist + a hospital nurse) to facilitate transitional care
across four main phases of admission to post-discharge

@ Springer
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[30]. The team-based approach consisted of making med-
ication adjustment, providing a diagnosis and delivering
treatment.

Intervention Strategy 2: Using mHealth Technologies The
use of mHealth technologies is gaining attention as a poten-
tially lower cost, individualized health management system
that, potentially, can be an effective tool to prevent and man-
age disease [105]. In this review, use of short message service
(SMS) was the most commonly used mHealth tool, followed
by use of iPads and web-based technology. A key component
of successful SMS use was that the messages were personal-
ized; they also included specific medication reminders, sup-
port, and general education [74, 75, 77]. In the included stud-
ies, SMS messages were both one- (e.g., unidirectional) and
two-way (e.g., bidirectional). Unidirectional messaging was
used to enable health care professionals (e.g., nurse and phy-
sician) to send medication reminders [39] as a secondary re-
source for patient education about cardiovascular risk [39, 74,
75]. Bidirectional SMS messages were used to not only re-
mind patients to take their medication, but also to enable pa-
tients to report back to the research and teach and confirm their
medication intake [39, 65, 74, 75, 77].

Another mHealth approach was the use of iPad applica-
tions to provide medication reminders [65]. In their study,
Mertens and colleagues first conducted three home visits to
introduce assistive technology, followed by the introduction
of an iPad-delivered intervention, and then a use of compara-
tive paper diary. This study was effective in encouraging el-
derly patients to use the iPad-delivered intervention, and re-
sults demonstrated that the app was more effective than a
paper-based system for reporting blood pressure values and
medication intake; however, the intensity of the in-person in-
tervention (i.e., three home visits) may not be possible in all
“real world” clinical contexts.

Web-based interventions were also used to promote medi-
cation adherence among patients with CHD. Keyserling con-
ducted a study in five diverse family medicine practices in
North Carolina [49]. Participants were randomized to either
a counselor-delivered or web-based format of the intervention
which involved seven, lifestyle counseling sessions and
allowed patients to select their health goals with tailored con-
tent. While both delivery formats reduced CHD risk, the web-
based format was less expensive. Cost may be an important
consideration for scaling up successful intervention and
mHealth platforms have the potential to enable wide scale
delivery of interventions at a reduced cost. Another study used
telephone calls and e-mail to communicate treatment and dis-
charge planning information, provide structured calls for out-
patient appointment reminders, and reinforce patient’s self-
management behaviors to achieve health care goals [30].
This study demonstrated short-term (e.g., at 30 and 90 days
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post-discharge) improvements in both medication adherence
and chronic disease self-efficacy.

Across SMS interventions reported in Table 1, greater med-
ication improvements were reported (at post-intervention
through 3- and 12-month follow-up) with adherence rates
ranging from 45 to 85% [49, 74, 77]. Additionally, subjective
and objective measures of adherence showed significant dif-
ferences in mean scores between study versus control groups.
Specifically, results showed higher scores of medication ad-
herence, chronic disease self-efficacy, and stronger adherence
for mobile applications compared to paper-based versions [30,
65]. Use of mobile technology to improve medication self-
efficacy was not supported [75]. While we identified SMS-
driven interventions that impacted medication adherence, it
should be noted that the evidence-based for texting interven-
tions to improve medication adherence and promote chronic
disease self-management is in its infancy and there are knowl-
edge gaps regarding the long-term outcomes associated with
mHealth interventions [106, 107]. However, across multiple
modes of delivery, electronically delivered medication adher-
ence interventions show promise [108].

Intervention Strategy 3: Providing Patient Education and
Behavioral Counseling Most of the studies that we identified
provided health education around CHD and risk reduction, in
tandem with behavioral counseling to improve medication
adherence. The content of health education and behavioral
counseling addressed personalized care information about car-
diovascular risk factors, lifestyle changes, health care manage-
ment (e.g., refill reminders, medication schedules), medica-
tion adherence, and health care treatment goals [30, 39, 49,
53,74, 75, 77, 95]. Some studies also included counseling to
enhance self-care and self-efficacy to influence motivation
and health-maintenance behaviors [30, 74, 75]. Counseling
and education were tailored for patients based on their needs,
abilities, health care goals, and caregiver desires [30]. Timing
of education and health content were delivered at pre-selected
times by patient’s medication schedule and their personal pref-
erences; this content was used in combination with SMS re-
minders [74, 75]. Behavioral counseling was associated with
improvements in adherence in many of the studies that we
identified. It has been suggested that telephone-based motiva-
tional interviewing may be an effective tool to improve med-
ication adherence [109] and that behavioral interventions that
reduce dosing demands and involve monitoring and feedback
may be most effective [110].

Intervention Strategy 4: Providing Psychosocial Support
Four studies offered psychosocial support by either direct
means (e.g., therapeutic counseling by providers) or via sup-
portive content embedded within the delivered intervention
[30, 59, 77, 95]. Psychosocial support tools focused on infor-
mation about coping strategies, tools to reduce stress and
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improve mood. For example, pharmacists, home nurses, and
nurse care managers offered direct psychosocial support to
help patients manage anxiety, while also offering tools to im-
prove depression and sleep [30, 59, 95]. Problem solving,
morale boosting, and self-care strategies were also utilized,
followed by formal assessment and monthly monitoring of
depression [59, 111]. Alternatively, use of coping strategies
to modify illness perceptions and negative emotions was of-
fered via a supportive website [77].

Psychosocial support strategies yielded significant im-
provements in patient’s self-efficacy to manage chronic dis-
ease [30], a six-fold increase in treatment initiation and adjust-
ment related to antidepressant medication use by study partic-
ipants compared to usual care patients [59], and greater self-
care abilities and higher quality of life [95]. Only one study
reported a negative effect for anxiety and found no other im-
provements in psychological outcomes related to depressive
symptoms, self-efficacy, or illness perceptions about CHD
[77]. Medication adherence rates were mixed, and effect sizes
in improvements for self-efficacy and other psychological out-
comes were not reported for these studies.

Conclusion

Despite general progress in CHD interventions, findings re-
main mixed regarding how knowledge about CHD-related
health behaviors can be transformed into effective strategies
to improve medication adherence and enhance patients’ health
[112]. Findings in this review underscore that interventions
work best when they are tailored to address patients’ specific
barriers and engage the health care system at multiple levels
(e.g., patient level, provider level, health care system level,
policy level) [113]. Among the studies reviewed, most report-
ed improvements in adherence between the intervention and
control groups [30, 39, 65, 74, 75, 77, 95] or in both groups
[30, 39,49, 53,59, 65,74, 75,77, 95]. Only one did not report
patient-level improvements in medication adherence [86].
Findings were mixed for interventions at the health care sys-
tem level with two studies showing improvements in adher-
ence [30, 95] and two that did not [59, 86]. Notably, none of
these studies intervened on a policy level. Given efforts by US
Centers for Medicare and Medicaid Services (CMS) use of
star ratings to gauge patient experiences [114], these study
findings also underscore the importance about further clarify-
ing how patient experiences are linked with clinical outcomes.

Additionally, to fully determine the effects of CHD inter-
ventions to increase patient’s uptake of, and adherence to,
cardiac rehabilitation further clarity about the intended target
of adherence among CHD patients is needed. In this review,
the majority studies focused on the implementation phase of
medication adherence (e.g., taking a medication as prescribed
over time) [77, 86] with the exception of one that identified

‘initiation’ as the targeted phase of adherence [59]. The studies
that we identified did not address premature medication dis-
continuation. More work is needed across the spectrum of
adherence phases, particularly to address the effectiveness of
interventions aimed at improving patient engagement around
the time of initiating a new therapy.

Using technology to enhance behavioral strategies present
a unique, cost-effective opportunity to promote medication
adherence. Benefits include reducing environmental barriers
(particularly for rural populations), flexible communication
with medical providers and promotion of active patient en-
gagement in disease management. These benefits, however,
must be weighed against the current paucity of high-quality
evidence that would suggest mHealth as an effective medica-
tion adherence intervention [105]. Moreover, there are no cur-
rent standard effect sizes in mHealth interventions that are
widely accepted for medication adherence [74]. Two studies
in this review report small to medium effect sizes in improving
adherence [65, 74]. In the broader literature of mHealth inter-
ventions generally or SMS interventions specifically for
CHD, most studies are small in scope and conducted in
high-income countries making it difficult to determine inter-
vention effectiveness [103]. These preliminary findings stress
the need for sufficiently powered, high-quality RCTs that can
further address equity, scalability (in real-world clinical set-
tings), and end-user acceptability.

Personalizing care can improve patient motivation and ad-
herence. Tailored care may include developing interventions
that have modular treatment components or that use a stepped
care framework and adaptive ‘smart’ technology to match the
needs of CHD patients. Future interventions may also increase
treatment adherence by greater integration of psychologically
focused content that offer support and build upon mechanisms
of change via use of theoretically driven frameworks. In this
review, few included studies used a theory or conceptual mod-
el to address adherence. Synthesizing theory with practice will
advance what is known about health behavior change and
offer greater insights about the impact of CHD interventions.

Medication adherence for the management of chronic dis-
eases broadly, and for CHD in particular, is potentially one of
the largest current global public health challenges. While we
highlight a few relevant RCTs targeting the improvement of
CHD-related medication adherence and associated clinical
outcomes, there is more work to be done. More evidence is
needed about how to (1) best use multiple measurement ap-
proaches to triangulate medication adherence information, (2)
design multi-level approaches to improve medication adher-
ence, (3) determine the effectiveness of unidirectional and
bidirectional SMS interventions, and (4) best tailor behavioral
interventions. In summary, additional work is needed to in-
form evidence-based, cost-effective interventions that have
been demonstrated to improve adherence and have potential
for widespread implementation and scale-up.
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