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Poor adherence to cardiovascular disease medications carries significant psychological,
physical, and economic costs, including failure to achieve therapeutic goals, high rates of
hospitalization and health care costs, and incidence of death. Despite much effort to design
and evaluate adherence interventions, rates of adherence to cardiovascular-related medica-
tions have remained relatively stagnant. We identify two major reasons for this: First,
interventions have not addressed the time-varying reasons for nonadherence, and 2nd,
interventions have not explicitly targeted the self-regulatory processes involved in adherence
behavior. Inclusion of basic and applied psychological science in intervention development
may improve the efficacy and effectiveness of behavioral interventions to improve adherence.
In this article, we use a taxonomy of time-based phases of adherence—including initiation,
implementation, and discontinuation—as context within which to review illustrative studies
of barriers to adherence, interventions to improve adherence, and self-regulatory processes
involved in adherence. Finally, we suggest a framework to translate basic psychological
science regarding self-regulation into multicomponent interventions that can address multiple
and time-varying barriers to nonadherence across the three adherence phases. The field of
psychology is essential to improving medication adherence and associated health outcomes,
and concrete steps need to be taken to implement this knowledge in future interventions.
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The importance of adherence to medications (i.e., the
behavior of taking medication as prescribed) is acutely
observed among people with cardiovascular disease (CVD).
CVD is the leading cause of mortality in the United States
(Mozaffarian et al., 2015). Although Western countries
have seen a 50% reduction in mortality from coronary artery
disease over the past 20 years, half of these mortalities are
due to CVD (Task Force Members et al., 2013), and this
reduction in mortality is largely a result of the development
of effective CVD medications. Mortality risk can be re-
duced by up to 75% when people are adherent to all four
medication classes (statins, aspirin, beta-blockers, and
angiotensin-converting enzyme inhibitors; Hippisley-Cox &
Coupland, 2006). Conversely, lack of adherence to such
medications is linked with higher mortality rates (Rasmus-
sen, Chong, & Alter, 2007).

Most individuals with CVD have hypertension, which
requires at least one antihypertensive medication to achieve
effective blood pressure control (Chobanian et al., 2003).
Patients with CVD may have additional comorbidities, such
as hypercholesterolemia or diabetes, which necessitate the
use of additional medications (Balkrishnan et al., 2003;
Elliott, Maddy, Toto, & Bakris, 2000). Some comorbidities
associated with CVD, such as heart failure, are symptom-
atic, whereas others, such as elevated blood pressure and
cholesterol, are asymptomatic. Regardless, patients with
CVD and associated comorbidities typically must take life-
long medications to reduce the risk for cardiovascular
events and death. Patients with these CVD-related comor-
bidities might be prescribed antiplatelets, antihypertensives,
or antihyperglycemics, as well as antilipemics. Common
side effects for these medications might include, depending

on the medication class, dry cough, cold hands, fatigue,
dizziness, weakness, increased urination, nausea, increased
bleeding, muscle pain, hypoglycemia, and weight gain.

Perhaps due to the symptomatic versus asymptomatic
nature of cardiovascular comorbidities, as well as the vary-
ing side effects associated with the different medications,
adherence rates vary by type of medication. For example, in
one study, adherence was 71% for aspirin, 46% for beta-
blockers (hypertension medication), and 44% for statins for
hyperlipidemia (Newby et al., 2006). In another study,
self-reported adherence rates to common cardiovascular
medications were 83% for aspirin, 63% for lipid-lowering
agents, 61% for beta-blockers, and 39% for aspirin + beta-
blocker + lipid-lowering agent postmyocardial infarction
(Ho et al., 2006). In a meta-analysis of 376,162 patients
prescribed CVD medications as primary or secondary pre-
ventive therapy across 20 studies, approximately one third
of patients with a history of myocardial infarction and half
of patients without a history had an inadequate supply of
medications, as indicated by prescription refill data (Naderi,
Bestwick, & Wald, 2012).

It is unsurprising that efforts to understand the determi-
nants and facilitators of, and challenges to, adherence have
proliferated in medicine and the behavioral sciences. Yet,
interventions remain relatively ineffective. In the context of
a time-based taxonomy of medication adherence (Vrijens et
al., 2012), we review previous medication adherence inter-
ventions and discuss two limitations that reduce their effi-
cacy and effectiveness: lack of attention to the time-varying
reasons for nonadherence and the lack of focus on self-
regulatory processes involved in adherence. We conclude
with recommendations for how psychological science can
be utilized to benefit the understanding of, and intervention
on, medication nonadherence.

ABC Taxonomy as a Time-Varying Framework
for Medication Adherence

The ABC taxonomy proposes three time-based phases of
medication adherence: initiation, implementation, and dis-
continuation (Urquhart, 2001; Vrijens et al., 2012). The first
phase, initiation, refers to the time from prescription until
the patient takes the first dose of a prescribed medication
and is measured as a time-to-event variable. The second
phase, implementation, refers to the period from initiation
until the last dose is taken and is measured as a continuous
measure of the difference between prescribed and taken
medication. The third phase, discontinuation, refers to the
end of therapy, when the next dose to be taken is omitted
and no more doses are taken thereafter. Persistence, a
commonly used term, is a time-to-event variable represent-
ing the duration of time a patient is in the implementation
phase. A failure to identify barriers to adherence, adapt an
intervention, and identify the self-regulatory processes in-
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volved in these phrases is likely to result in poor long-term
adherence.

Most studies on medication adherence have focused on
the implementation phase, as evidenced by the fact that
intervention studies focus on patients who have a current
(rather than new) prescription for medication(s) and the fact
that the outcome typically is proportion of doses taken,
usually measured at several time points (rather than time
until taking the first dose). Significantly less attention has
been devoted to initiation or the reinitiation that would
occur when a patient discontinues a medication or a pro-
vider prescribes a new medication instead of, or in addition
to, an existing regimen. Depending on which phase of this
trajectory is of interest, different interventions might be
better suited than others (Iglay et al., 2015). In the next
sections, we review challenges of a general and a theoretical
examination of medication adherence interventions, fol-
lowed by a clearer picture of medication adherence inter-
ventions and self-regulatory processes in the context of the
three phases of medication adherence.

Examining Medication Adherence Barriers

To date, most interventions have been “one size fits all,”
meaning that all participants receive the same intervention,
which typically addresses a single barrier. This presumes
that patients miss doses of their medications for the same
reason and the same reasons are always salient. Several
evidence reviews have indicated that such interventions
have modest effects in promoting both overall and
condition-specific medication adherence (Buntin, Burke,
Hoaglin, & Blumenthal, 2011; Cebul, Love, Jain, & Hebert,

2011; Kripalani, Yao, & Haynes, 2007; Nieuwlaat et al.,
2014; Viswanathan et al., 2012; Zullig, Peterson, & Bos-
worth, 2013). In a recent meta-analysis of 182 randomized
clinical trials of interventions to improve adherence to pre-
scribed medications, effects were inconsistent, and only a
minority of randomized clinical trials improved both adher-
ence and clinical outcomes (Nieuwlaat et al., 2014). In one
review, among 37 eligible trials (including 12 informa-
tional, 10 behavioral, and 15 combined informational, be-
havioral, and/or social investigations), 20 studies reported a
significant improvement in at least one adherence measure
(Nieuwlaat et al., 2014). Adherence increased most consis-
tently with behavioral interventions that reduced dosing
demands (three of three studies, all with large effect sizes)
and involved monitoring and feedback (three of four stud-
ies, with small to medium effect sizes). Adherence also
improved in eight combined interventions (with medium to
large effect sizes). Eleven studies (four informational, three
behavioral, and four combined) demonstrated improvement
in at least one clinical outcome, but effects sizes were
variable and not consistently related to changes in adher-
ence (Kripalani, Yao, & Haynes, 2007). In the most recent
Cochrane review, only five of 109 studies demonstrated
improvements in adherence and a clinical outcome (Nieu-
wlaat et al., 2014). Further, only 17 of the 109 trials iden-
tified were low in risk of bias, which limits the conclusions
one can make. In general, multifactorial, tailored ap-
proaches were more effective than one-size-fits-all ap-
proaches that focus on only one component.

Poor adherence rates to CVD medications are likely at-
tributable to several factors. A significant body of literature
has focused on medication adherence as one construct, often
dichotomized as yes—no at 80%; however, this conceptu-
alization often fails to consider the specific behavior being
targeted and does not address the time-varying nature of
adherence (Gellad, Thorpe, Steiner, & Voils, 2017). Thus,
to improve medication adherence, one must know not only
whether an individual is adherent but the reason(s) why an
individual does not adhere. Table 1 presents a list of com-
mon reasons for nonadherence. These reasons can be pres-
ent during any phase of adherence and can vary across time,
populations, diseases, drug classes. For example, medica-
tion adherence may vary by the perceived acute phase of
CVD (e.g., postdischarge for myocardial infarction) versus
long-term self-management such as taking daily aspirin or
antihypertensives. Similarly, adherence may vary according
to whether the disease is symptomatic; thus, individuals
with CVD often need to consider tradeoffs with respect to
short-term side effects for long-term gain for asymptomatic
diseases, which affects adherence rates. Variation in adher-
ence rates across medications is likely due to many factors
that catalyze, inhibit, or otherwise influence medication
adherence.
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The tendency to focus on one medication adherence bar-
rier is exemplified in a recent trial of 53,000 individuals
with suboptimal adherence. The trial focused on forgetful-
ness, an important barrier to medication adherence, but one
of many. Patients were randomized to receive in the mail a
pill bottle strip with toggles, digital timer cap, or standard
pillbox. The control group received usual care, which in-
volved neither notification nor a device. There was no
statistically significant difference in the odds of optimal
adherence between the control and any of the devices (in-
cluding standard pillbox, digital timer cap, and pill bottle
strip with toggles; Choudhry et al., 2017). In another study,
however, eliminating medication copayments and providing
medication for free improved adherence rates modestly
(~5%) for patients for whom cost was a primary reason for
poor adherence (Choudhry, Avorn, et al., 2011). Eliminat-
ing medication copayments will likely not improve adher-
ence by people who miss medications due to, for example,
side effects or negative beliefs about medications (Voils et
al., 2012). The focus on one or a small number of barriers
to adherence partially explains the small effects typically
observed in prior studies.

Another limitation of medication adherence interventions,
particularly for CVD, is that interventions are typically
focused on short-term time intervals despite the likelihood
that individuals may use these medications for decades.
Medication adherence interventions are generally more suc-
cessful for short-term treatments than for long-term, chronic
illness management (Haynes, Ackloo, Sahota, McDonald,
& Yao, 2008). This tendency to detect shorter term effects
may be due to reasons for poor medication adherence that
become more or less salient over time as circumstances

change. This decrease in salience is a challenge for the
long-term treatment of CVD. Those few interventions that
have demonstrated effectiveness for long-term care have
generally been complex interventions including number of
delivery formats (e.g., telephone, digital delivery), behavior
change techniques (e.g., self-monitoring, reinforcement),
and therapeutic approach (e.g., individual counseling, fam-
ily therapy; Nieuwlaat et al., 2014).

In sum, the multifaceted and long-term nature of medi-
cation adherence can be difficult to assess and harder to
intervene upon without an organizing framework. In Table
2, the first two columns illustrate the typical process of one
intervention targeting primarily one barrier to medication
adherence, as described earlier. However, as seen in the
third column and further described later, a time-varying
taxonomy is helpful to organize interventions, including
their strengths and weaknesses.

Table 1
Barriers Associated With Medication Adherence

Patient-related barriers

* Forgetfulness

¢ Symptom self-management

¢ Schedule disruptions, vacations, holidays

 Inadequate or incomplete instructions

* Lack of knowledge or poor understanding about the condition and
medication used to treat it

e Cultural, health, and/or religious beliefs about the medication

¢ Denial or ambivalence regarding conditions

* Financial challenges

e Lack of health literacy

» Lack of social support

¢ Lack of transportation to appointments and/or pharmacy

 Confusion about prescription labels

¢ Difficulty swallowing medication (e.g., dysphagia)

 Depression and other mental health conditions

¢ Chaotic lifestyle

Medication-related barriers

¢ Number of pills

* Frequency of dosing

« Side effects or adverse effects from the medication

e Taking multiple medications at the same time

¢ Length of therapy

* Pharmacy wait time

e Size and taste of pill

* Dosing instructions (e.g., in relation to meals)

Clinician-related barriers

¢ Lack of trust in clinician

¢ Poor communication with clinician

* Providers’ being pressed for time during office visits

e Cultural, health, and/or religious beliefs—disparity between clinician
and patient

e Lack of time and skill to address complex behavior of poor adherence

Health system barriers

e Lack of or inadequate health insurance and drug coverage

« Difficulty making appointments, barriers to accessing initial
prescriptions or refills

» Lack of feedback and ongoing communication

e Lack of reliable, valid tools to provide information on adherence at
the point of care
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Examining the Medication Adherence Problem
Through the ABC Taxonomy Framework

Initiation: Evidence and Challenges

Despite the seminal influence of this phase, and maximal
possibilities for intervention as seen in Table 2, adherence to
medication initiation is rarely examined at all, let alone in
the context of an intervention. One reason may be that
measuring initiation often requires linking nontraditional
data sources such as e-prescribing information and phar-
macy fill data. To date, the most thorough examination of
medication nonadherence during the initiation phase came
with an examination of linked e-prescription and initial
pharmacy fill data among almost 200,000 prescriptions
across over 75,000 patients (Fischer et al., 2010). This data
illustrated that roughly 30% of patients with CVD failed to
fill their initial prescription. Moreover, filling a prescription
does not equate to taking the medication, and thus this
examination likely still provides an underestimate.

Interventions focused on patients initially discharged
from the hospital, who are often prescribed new medica-
tions, provide a common example of interventions targeting
the unique barriers related to initiation of medications (In-
stitute of Medicine, 2001). Yet these interventions rarely
focus on addressing medication adherence during the initi-
ation phase, in favor of early and sustained medication
adherence during the implementation phase. This focus on
early implementation instead of initiation may be the result
of a high degree of overlap in the phases within the common
recruitment and intervention methods currently in place. Of

the example interventions presented in Table 2, only two of
these would occur strictly in the initiation phase.

In a study of individuals discharged with heart failure, a
nurse implemented self-management training before dis-
charge that focused on identification of medication goals,
facilitation of medication—symptom associations, and use of
a symptom response plan. The comparison was an attention
control group. Patients in the intervention group were sev-
eral times more likely to be adherent to CVD-related med-
ications compared with patients in the attention control
group (Granger et al., 2015). One particular strength of this
intervention often not present in other studies is the incor-
poration of patient perspectives and shared decision-making
between the patient and health care provider from the outset
of initiating new medication. Although this collaboration
early on can help foster more patient-driven maintenance
based on the psychological principles discussed in the next
section, there is still no examination of patient-driven initi-
ation. Future studies should address the impact of an inter-
vention on the probability or lag time to an initial pharmacy
fill, and more ideally to the first dose taken.

Implementation and Discontinuation: Evidence
and Challenges

The bulk of interventions to improve CVD medication
adherence have focused on the implementation phase, the
extent to which a patient’s actual dosing corresponds to the
prescribed dosing regimen, from initiation until the last dose
is taken (Vrijens et al., 2012). Yet because both implemen-
tation and discontinuation involve the time period between
initiation of a medication and the last dose taken, the unit of
analysis focused on is often the largest distinction between
the two—interventions focusing on implementation focus
on mean percentage of medications taken, whereas inter-
ventions focusing on time until discontinuation (or simi-
larly, patients’ persistence during the regimen) focus on the
time-to-event, or potentially as seen in the example dis-
cussed next, mean percentage of patients who are adherent
to the regimen at a fixed time point. We provide two
examples to illustrate this difference, as well as the strengths
of each study that are lacking in other studies.

The first example is a multifaceted, pharmacist-led, ran-
domized controlled trial that focuses on the implementation
phase (Ho et al., 2014). The 1-year intervention encom-
passed medication reconciliation and tailoring, patient edu-
cation, collaborative care between pharmacist and patients’
physician, and voice messaging (Ho et al., 2014). There
were 253 patients discharged from the hospital with acute
coronary syndrome from four Veterans Affairs Medical
Centers. The primary outcome was pharmacy-based medi-
cation adherence (e.g., proportion of days covered). In the
intervention group, 89.3% of patients were adherent com-
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pared with a significantly lower 73.9% in the usual care
group (Ho et al., 2014).

The Ho et al. (2014) trial demonstrated improvements in
implementation of medication-taking behaviors over time,
thanks to a complex intervention involving multiple com-
ponents. Multifaceted interventions might be difficult to
translate into “real world” settings and to sustain over time;
there is a need for conceptual models to take an ecological
perspective and include patient factors (e.g., literacy, cog-
nitive function) including pharmacogenetics, provider fac-
tors (e.g., complex regimens), social-community factors
(e.g., access to providers and pharmacy), health care factors
(e.g., interaction with health care system, trust, prior autho-
rization, fragmentation), and policy (e.g., coverage of med-
ication; Bosworth & Voils, 2006; Gellad, Grenard, McG-
Iynn, 2009; Osterberg & Blaschke, 2005). Focusing on a
single barrier to medication nonadherence like forgetfulness
rarely results in aggregate improvements in a community.
For example, Volpp et al. (2017) recently reported no dif-
ference in adherence to CVD medications or clinical out-
comes in a trial examining the impact of medication remind-
ers among 1,500 individuals who recently experienced an
acute myocardial infarction. Thus, effective interventions to
improve appropriate medication use likely need to adopt
comprehensive approaches, routinely combining numerous
strategies.

The second example is a recent trial focused on reducing
discontinuation of guideline-recommended cardiac medica-
tions post-ST-elevation myocardial infarction (STEMI),
which is common and is associated with increased mortal-
ity. STEMI patients from one health region in Ontario,
Canada, who underwent an angiogram during their admis-

sion and survived to discharge were cluster-randomized (by
primary care provider) to intervention or usual care. The
intervention was an automated system of personalized, ed-
ucational reminders sent to patients and their family physi-
cian, urging long-term use of secondary-prevention CVD
medications. The primary outcome, defined as the self-
reported proportion of participants taking (persistence)
all four cardiovascular medication classes (acetylsalicylic
acid, angiotensin-blockers, statin, and beta-blocker) at 12
months, was roughly equivalent to around ~58% (Schwalm
et al., 2015).

The strength of Schwalm et al.’s (2015) study—not found
in many other studies—is twofold. First, by the very nature
of examining the discontinuation of a medication regimen,
this study represents an outcome and phase of adherence
rarely addressed by interventions. Second, this study fo-
cused on adherence to multiple medications and diseases,
acknowledging the challenges of addressing the complexity
of CVD. Most interventions have focused on a single med-
ication or disease, yet, in the context of CVD, the majority
of individuals take multiple medications and rarely have one
condition—disease (Choudhry, Fischer, et al., 2011). These
external factors regarding interventions abound; however, it
is important not to lose sight of the fact that individuals,
with their own psychology, are the focus of these interven-
tions.

Examining the Medication Adherence Problem
Through Psychological Science

A newly prescribed course of treatment for cardiovascular
disease requires the initiation and maintenance of new be-
haviors (e.g., taking medications). Irrespective of the roles
of health care providers, health systems, and social supports,
initiation of a new behavior requires goal formation and
self-regulation on the part of the patient, defined as “the
ongoing process of managing goal pursuit in the face of
personal, interpersonal, and environmental forces that
would derail it” (Hoyle & Gallagher, 2015, p. 189). Main-
tenance of the behavior during the implementation phase
can be accomplished via habit formation or automatic prim-
ing of goals. A substantial body of psychological research
on the mechanisms and processes involved in goal pursuit
offers promise for understanding failures of medication
adherence and opportunities for intervention. The last col-
umn in Table 2 provides an overview of how these psycho-
logical processes might parallel and complement the ABC
taxonomy phases, contextualized within the same examples
of current interventions and the primary barrier they focus
on. Similarly, Figure 1 walks through these psychological
processes in more detail, independent of any particular
intervention or barrier to medication adherence. The top half
of the General Process section presents a time-invariant
process for successful self-regulation in general, which is
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Barriers and Actions to Improve Medication Adherence as Related to Organizing Principles of Phase and
Psychological Underpinning

Psychological
ABC taxonomy science

Example barriers Common behavior-change strategy used in interventions phase underpinning

Forgetting Encourage patients to use medication reminders (e.g., promote pill boxes, Initiation Goal formation
alarms, vibrating watches, and smartphone applications). Implementation Self-regulation

Habit formation
Inadequate Provide all prescription instructions clearly in writing and verbally. Initiation Goal formation
instructions  Limit instruction to 3—4 major points. Self-regulation
¢ Use plain, culturally sensitive language. Habit formation
e Use written information or pamphlets and verbal education at all
encounters.

Health literacy Ensure patients understand their risks if they do not take medications as Initiation Goal formation
directed. Ask patients about these risks, and have patients restate the Implementation Self-regulation
positive benefits of taking their medications. Discontinuation

Side effects Discuss with patients potential side effects of any medications when Initiation Goal formation
initially prescribed and at every office visit thereafter. Provide Implementation Self-regulation
information on what to expect with potential side effects and what to
do if issues are experienced.

Financial Provide rewards for medication adherence. Initiation Goal formation

challenges * Praise adherence. Implementation Self-regulation
¢ Arrange incentives, such as coupons, certificates, and reduced Discontinuation
frequency of office visits.

Inadequate health Prescribe medications included in the patient’s insurance coverage Initiation Goal formation

coverage formulary when possible. Self-regulation

No. of pills Simplify regimen: Prescribe once-daily regimens or fixed-dose Initiation Goal formation
combination pills. Implementation Self-regulation

Habit formation
Automatic priming

Chaotic lifestyle Implement frequent follow-ups (e.g., e-mail, phone calls, text messages) Initiation Goal formation
to ensure patients adhere to their medication regimen. Implementation Self-regulation

¢ Set up an automated telephone system for patient monitoring and Discontinuation Habit formation

counseling.

Automatic priming

Note. Barriers and behavior change strategies listed are examples only and not exhaustive.

paralleled by a more specific process for successful medi-
cation adherence (a specific self-regulatory behavior),
shown in the bottom half. The Time-Varying Process sec-
tion presents this self-regulatory process within the time-
varying framework of the ABC taxonomy, where early
self-regulatory processes are eventually replaced by more
automatic cues and goals. Each of these terms, and their
progression over time, is described in the next sections.

Initiation: Underpinnings in Psychological
Science

Goal formation. In basic terms, a goal is a mental
representation of a desired future state that the individual is
motivated to pursue (Elliot & Fryer, 2008; Kruglanski,
Shah, Fishbach, et al., 2002). Without a goal, self-regulation
is not possible. As such, the first order of business for
patients facing a prescription for new medicines is to adopt
concrete goals toward which progress can be monitored and
rewarded (Latham & Locke, 1991).

A critical concern for the patient is that the more concrete
the goal and the nearer the time horizon, the higher the
number of goals required to bring about the desired changes

in behavior. Imagine, for instance, that the patient is given
a new prescription (perhaps more than one) and recommen-
dations to avoid certain foods and take daily walks. The
behavior-change battle must now be waged on multiple
fronts, with strategies likely to support one behavior change
not likely to support the others. For example, adopting the
behaviors of taking pills as instructed and taking daily walks
are approach goals that require self-control by initiation.
Reducing or eliminating certain foods is an avoidance goal
that requires self-control by inhibition (Rothman, 2000).
Moreover, these goals are inserted into a potentially large
and complex network of goals the individual is already
pursuing (Kruglanski, Shah, Fishbach, et al., 2002), some of
them consistent with and others in opposition to the new
goals.

Self-regulation. Self-regulation theories suggest that
patients’ adherence is influenced by illness experiences
(e.g., symptoms, medication side effects), social interac-
tions, sources of information, and cognitive—affective pro-
cesses (Kalichman, Kalichman, Cherry, & Grebler, 2016).
The self-regulatory challenge associated with managing
multiple new behavior change goals while continuing with
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Figure 1.

The psychological process of medication adherence during initiation and implementation. This figure

illustrates the process of self-regulation generally (flowing from left to right), paralleled below by the self-
regulatory process of medication adherence specifically. In the first frame, the process is general and time-
invariant. The second frame illustrates the time-varying process, where early self-regulatory processes are
eventually replaced by more automatic cues and goals (denoted by strike-throughs of the original self-regulatory
processes). As these cues generalize, the habit formation also generalizes into automatic priming.

ongoing goal pursuits is twofold and generally concerns the
limits associated with the psychological resources that sup-
port self-regulation (Baumeister, Bratslavsky, Muraven, &
Tice, 1998). A first concern is the management of atten-
tion—specifically, the challenge of maintaining attention to
the new goal when other goals and temptations demand
attention. A second, not unrelated, concern is the manage-
ment of motivation. As attention shifts to alternative goals,
motivation often follows (Inzlicht & Schmeichel, 2012).
Moreover, the ability to muster motivation repeatedly or
sustain it over time is limited (Baumeister et al., 1998).
Thus, this latter issue of changing alternative goals and
shifting motivation is likely one of the larger factors in-
volved in the onset of the discontinuation phase of medica-
tion adherence.

By its nature, self-regulation involves effortful cognitive
activity that is not sustainable for long periods at a time
(Kruglanski, Shah, Pierro, & Mannetti, 2002). As such,
other mechanisms and strategies are required to support

self-regulation, especially when it is not at full capacity. As
an example, perceived self-efficacy, especially positive be-
liefs concerning one’s capability of initiating new behaviors
such as initiating the use of a new CVD medication
(Schwarzer & Renner, 2000), in addition to contributing to
self-regulation when the cognitive resources it requires are
at full capacity, may serve to sustain motivation even when
those resources are taxed.

Returning to the concern about the goals on which self-
regulation are focused, self-efficacy beliefs about initiating
new medication adherence behaviors is likely to be higher
for more concrete and proximal goals (e.g., go a week
without failing to take a pill as directed) than for more
abstract and distal goals (e.g., be symptom-free in the fu-
ture). Pursuing health goals with support from, or together
with, close others (e.g., family member, pharmacist) can
provide additional motivational resources and help with
attention (Fitzsimons & Finkel, 2011; vanDellen, Shah,
Leander, Delose, & Bornstein, 2015). Developing strategies
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for conserving (Muraven, Shmueli, & Burkley, 2006) and
replenishing (Tice, Baumeister, Shmueli, & Muraven, 2007)
cognitive and motivational resources required for effective
self-regulation can decrease the likelihood of self-regulatory
failures, especially during periods when multiple goals are
demanding attention and motivation. Developing strategies
is particularly important in the context of CVD medication
adherence, given that individuals are typically on multiple
medications.

Despite the challenges associated with self-regulation
with reference to multiple new goals that compete for
time, attention, and motivation with extant goals, self-
regulation is essential during the period when new be-
haviors are initiated (as illustrated in the Initiation Phase
section of Figure 1). Through strategic use of specific
strategies such as planning, self-monitoring, and reward-
ing goal-consistent behavior, initiation can be accom-
plished through self-regulation. Planning might include
such specific concerns as when to begin (e.g., when to
take the first dose of a newly prescribed medication; Dai,
Milkman, & Riis, 2014) and how to respond when op-
portunities and challenges arise (e.g., traveling or other-
wise being out of routine; Gollwitzer, Oettingen, 2011).
Self-monitoring, whether by traditional paper-and-pencil
methods or smartphone apps, is critical for moving be-
yond initiation to regular engagement in the desired
behaviors (e.g., Wharton, Johnston, Cunningham, &
Sterner, 2014). And some strategy for evaluating prog-
ress toward the goal and acknowledging success is vital
if the behavior is to gain sufficient traction to potentially
become routinized with time (Gollwitzer, 1990; Voils,
Gierisch, et al., 2014). Interventions that foster and sup-
port the development of strategies such as these and
target more basic processes such as attention and moti-
vation have the potential to increase the uptake of treat-
ment and risk-reduction regimens by patients with CVD.

Implementation and Discontinuation:
Underpinnings in Psychological Science

The attention and motivation required for self-regulation
in pursuit of goals cannot be sustained indefinitely. The
inevitable reduction in motivation that occurs as progress
toward short-term behavioral goals is realized (Carver,
2003) might stem from declining attention and support from
close others, an internal sense that the short-term goals have
been or soon will be attained, a decrease in symptoms, or an
increase in medication side effects. Thus, alternative strat-
egies and mechanisms are required to move the behaviors
from self-regulated to enacted without attention or explicit
motivation (as seen in the shift in time-varying phases in
Figure 1).

Habit Formation

A promising strategy for maintaining medication adher-
ence after the use of CVD medications has been success-
fully initiated is habit formation. Although habitual behav-
ior may begin as self-regulated goal pursuit, it is
fundamentally different from goal-based behavior in that it
requires neither motivation nor attention (Ouellette &
Wood, 1998; Wood & Neal, 2007). Behaviors may become
habitual when they are repeated frequently in the same
context (Wood & Neal, 2007). The relevant context may be
a physical location, a particular time of day, the presence of
a specific person, or the enactment of another habitual
behavior. In a previous study, we found that taking medi-
cations in the same context was highly associated with
self-reported antihypertensive medication adherence (Voils
et al., 2012). Although it is not clear how many times a
behavior must be repeated in a given context before it
becomes a habit, it is clear that, with repeated behavior-
—context pairing, habits form, and once they have formed,
they persist (Neal, Wood, Wu, & Kurlander, 2011). It is
important to note that when the cognitive resources that
support effortful self-regulation are drained, as often they
are for individuals tasked with continuing new health be-
haviors, habitual behavior is more likely (Neal, Wood, &
Drolet, 2013).

A critical concern is how patients who successfully ini-
tiate adherence transition from self-regulation to habit as a
basis for those behaviors. One strategy is to incorporate
habit formation into the goal once the new behavior has
been successfully initiated (Memmi, 2014). For example,
the goal might shift from taking one’s medicine every day
next week to taking one’s medicine after brushing one’s
teeth in the morning. The potential drawback to this strategy
is that, unlike goals, for which multiple means might be
used to attain the goal, habits are rigid in their reliance on a
single means reflected in the specific context to which the
behavior is linked. People often miss medications when out
of their routine. Thus, it is critical that the context that
supports habitual adherence and other health behaviors be
one that is highly reliable and unlikely to change, such as
taking medication after brushing one’s teeth in the morning
(Wood, Quinn, & Kashy, 2002).

Automatic Priming

Rather than rendering self-regulation unnecessary be-
cause the desired behaviors have become habitual, an alter-
native, more flexible strategy to address medication adher-
ence involves moving self-regulation from a conscious
process to an automatic one (Sheeran, Gollwitzer, & Bargh,
2013). This strategy capitalizes on the flexibility of activat-
ing goals from a range of environmental cues (“priming”),
rather than activating behavioral reminders from more re-
stricted cues in habit formation (Aarts & Dijksterhuis,
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2000). Although priming can be explicit and conscious, it
may also be nonconscious. As such, the attention compo-
nent of explicit self-regulation is not required. Moreover,
when goals are primed nonconsciously, they give rise to
motivation and goal striving without conscious intent
(Bargh & Barndollar, 1996). Thus, patients so primed need
not muster the attention and motivation required to con-
sciously focus on and pursue an adherence goal. The flex-
ibility in this strategy stems from the fact that the goal may
be nonconsciously primed by multiple stimuli, such as the
visible presence of a pill bottle or thoughts of a friend or
family member who encourages adherence (Shah, 2003) or
through association with another primed mental representa-
tion such as a toothbrush in the preceding example (Ratcliff
& Mckoon, 1981).

Improving the Medication Adherence Problem:
Translating Basic Science to Interventions

As noted earlier, complex interventions show the most
promise for improving medication adherence, and these
interventions will likely work best when guided by theory
and informed by relevant psychological science. The OR-
BIT framework for intervention design, refinement, and
evaluation represents a useful method for translating the
findings from psychological science that identifies and de-
scribes adherence-related psychological processes, such as
self-regulation, habit formation, and automatic priming, into
interventions to improve adherence (Czajkowski et al.,
2015). This framework for intervention design and testing,
which emphasizes a systematic, progressive, yet flexible,
approach to the development and evaluation of adherence
interventions, can accelerate the pathway through which
novel ideas based on basic psychological and other social
science research are developed into potentially more effec-
tive adherence interventions. This framework proposes that,
across two preefficacy phases, the intervention would be (1)
designed based on theory and findings from basic psycho-
logical science and optimized, possibly using factorial or
fractional factorial designs or adaptive study designs, and
(2) tested in preliminary studies using small-n, single-case
designs and in larger feasibility and pilot studies. These
phases are iterative and bidirectional, leading to refinement
and potentially improved efficacy for the interventions be-
ing developed, which are then evaluated for efficacy and
effectiveness (most often in randomized controlled trials)
and ultimately implemented within clinical and community
contexts.

To begin, the researcher would identify relevant basic
psychological science findings—or conduct such studies if
they are lacking—related to adherence behavior. As men-
tioned previously, people may miss medications due to a
variety of factors, and these factors may change over time.
Repeated-measures studies such as daily diaries or event

sampling might be conducted to identify how frequently
nonadherence episodes occur and factors contributing to
those episodes, including whether those factors tend to be
stable or vary between and within individuals (Voils, King,
et al., 2014). For example, prescribing a different medica-
tion may help a patient avoid side effects, but if the new
medication is costlier, then cost-related nonadherence may
result. This notion of changes over time becomes easier to
grasp when one examines the behavior of medication ad-
herence as a process that ideally begins with goal-setting
and effortful self-regulatory actions during the initiation
phase, transitions into conscious but less effortful habit, and
eventually becomes effortless, automatic behavior during
the implementation phase. Findings from such studies could
efficiently inform intervention content and dose and in-
crease the chances of constructing an effective intervention
by knowing why medication adherence is improved. As
mentioned previously, Table 2 represents an initial attempt
to integrate current interventions into multiple theories
across medical and psychological science.

In addition to a focus on early phase translation and
intervention development, consideration for later phase
translation (i.e., implementation of efficacious programs)
is necessary. The transfer of research findings into clin-
ical practice is often a slow and haphazard process
(Agency for Healthcare Research and Quality, 2001;
Graham et al., 2006). This minimal translation of many
interventions into practice may be attributed to lack of
planning for future scalability. Scaling-up a successful
program and broadly implementing it (or translating
knowledge into action), perhaps in the context of a health
care system, could maximize potential impacts on indi-
vidual and population health. Regardless of whether an
organization is developing or identifying and/or adapting
an existing program, the sustainability of the program
must be established. Sustainability can be thought of in
two dimensions: program sustainability over time or
maintaining the improvement in outcome. Because inter-
ventions occur in complex societal systems, sustaining an
intervention may require action at many levels, ranging
from knowledge to individual change, community en-
gagement, and institutional change (Graham et al., 2006;
Swerissen & Crisp, 2004). Several elements, including
planning, gathering relevant evidence, seeking commit-
ment and support, developing partnerships, identifying
program champions, building capacity, embedding into
core policy, evaluating effectiveness and outcomes,
evolving and adapting, and securing funding, may predict
program sustainability (Whelan et al., 2014). There is an
increased emphasis on bringing such elements into the
early design phases of intervention development to en-
sure successful implementation at later phases (Whelan et
al., 2014).
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Conclusion

Factors affecting medication adherence occur at multiple
levels: patient; provider; the health care system; and broader
sociocultural, community, and societal levels. Research on
the phenomenon of medication adherence and interventions
to improve it has been informative and shown some bene-
fits, but perhaps in an inefficient manner. To further im-
prove the understanding of and intervention upon medica-
tion adherence, broader frameworks are necessary to
organize that understanding. Acknowledging and capturing
the time-varying nature of medication adherence is a first
crucial step to improve adherence, not only in the short-term
but to create flexible points of intervention that yield lasting
behavioral changes.

New research in the behavioral sciences is also elucidat-
ing the basic psychological, cognitive, social, and behav-
ioral processes underlying behavior and behavior change
related to medication adherence. These processes are prom-
ising targets for the development of new, more effective
behavioral interventions. Findings in this area could be
developed into new strategies targeting adherence behav-
iors, but a mechanism for developing and testing novel ideas
is needed. Bringing together collaborative, interdisciplinary
teams of basic behavioral scientists and clinically oriented
behavioral researchers could spur development and testing
of innovative new approaches to medication adherence-
related behavioral problems.
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