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The problem of medication nonadherence
Medication nonadherence remains a substantial public health problem. Worldwide,
between 25% and 50% of patients do not take their medications as recommended.1,2
In the USA, suboptimal adherence has been associated with 125,000 deaths, 10%
of hospitalizations, and costs up to US$289 billion annually.3–5 While medication
adherence is a complex and multifaceted behavior,6 the negative public health effects
of nonadherence are entirely preventable. There are a number of research studies
that identify potential solutions to improve medication adherence incrementally.7–9
However, no universal or consistently high impact solutions have been identified.10,11
Additionally, in the overwhelmingly large academic literature on adherence interventions, relatively few studies simultaneously evaluate medication adherence and
associated clinical outcomes (eg, adherence to anti-hypertensives and lower blood
pressure). Moreover, when improvements are realized in both clinical and adherence
outcomes, they tend to be of modest magnitude.12
While a broad scale medication adherence improvement solution remains elusive,
many successful adherence interventions share common ingredients. According to our
prior work, these factors include improving patients’ understanding of their specific
treatments, providing patients counseling and accountability, providing strategies and
tools to help them self-monitor, and increase their access to medications.13 Despite
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Abstract: Despite the known health and economic benefits of medications, nonadherence
remains a significant, yet entirely preventable public health burden. Over decades, there have
been numerous research studies evaluating health interventions and policy efforts aimed at
improving adherence, yet no universal or consistently high impact solutions have been identified.
At present, new challenges and opportunities in policy and the movement toward value-based
care should foster an environment that appreciates adherence as a mechanism to improve health
outcomes and control costs (eg, fewer hospitalizations, reduced health care utilization). Our
objective was to provide a commentary on recent changes in the landscape of research and health
policy directed toward improving adherence and an actionable agenda to achieve system level
savings and improved health by harnessing the benefits of medications. Specifically, we address
the complementary perspectives of precision medicine and population health management;
integrating data sources to develop innovative measurement of adherence and target adherence
interventions; and behavioral economics to determine appropriate incentives.
Keywords: adherence, policy, precision medicine, population health
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having a relatively modest improvement in adherence for an
individual patient, when interventions are scaled up to a population level there may be potential for significant improvement in public health (eg, a small increase in prescription
refill rates could be associated with significant decreases in
health care use).14 Yet even for promising strategies, only a
small portion of research findings are translated to benefit
patient care, and the time lag for implementation can be
considerable.15

Research and health policy agenda
to improve medication adherence
In 2014, a research agenda to improve adherence was proposed by Seabury et al.16 In their commentary, Seabury et al
defined six key areas to forward the medication adherence
research agenda: 1) prediction of nonadherence, 2) behavioral factors affecting nonadherence, 3) measurement of
the impact of nonadherence on health and cost outcomes,
4) effectiveness of existing interventions, 5) misaligned
incentives between payers and providers, and 6) provider
training and coordination of care.16 Since this publication,
there has been increasing awareness in the topic of medication adherence, but little advancement in our understanding
of how to realize the benefits of adherence. Additionally,
there are new challenges and opportunities in the context of
the evolving US health care system that impact adherence
enhancing initiatives. As an example of the latter new challenges, Medicare Access and CHIP Reauthorization Act of
2015 (MACRA) and the movement toward value-based care
should foster an environment that appreciates adherence as
a mechanism to improve health outcomes.
Last year, the Pharmaceutical Research and Manufacturers of America (PhRMA) Foundation convened health policy
and research experts representing patients, physicians, pharmacies, and the biopharmaceutical and insurance industries
to gain consensus around priorities to address the adherence
problem.17 Now, we take the next step to suggest several
novel, targeted, and actionable research and policy agenda
items to advance the field of medication adherence: 1) using
a standardized taxonomy to describe adherence, adherencerelated study results, and quality reporting; 2) appreciating
the complementary perspectives of precision medicine and
population health management; 3) integrating data sources
to develop innovative measurement of adherence and target
recipients of adherence interventions (eg, targeting patients
at high risk for hospitalization or rehospitalization); and
4) considering behavioral economics and determining the
appropriate population and payer level incentives.
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Standardized taxonomy
To support a stronger role of adherence in the broader goals
of moving to a value-based health care system, there has
been movement in the scientific literature to classify medication adherence into phases. The Ascertaining Barriers for
Compliance (ABC) working group developed a taxonomy
comprised of three quantifiable phases of adherence.6 The
first is initiation. This phase is when a patient consumes a
new medication as prescribed by their health care provider.
The second phase of adherence is implementation. This
phase involves when a patient’s actual dose corresponds to
the dosing that was prescribed from initiation until the last
dose is taken. The third phase is discontinuation. This phase
involves when a patient ceases taking their medication either
independently or following their provider’s instructions.6
Using a standardized taxonomy is helpful for advancing
the field of medication adherence for a number of reasons.
First, the taxonomy aids in more explicitly defining the
nonadherence problem. Some data suggest that poor initiation, which is often not reported, may be a more concerning
public health threat than implementation. Existing scientific
literature generally reports information on adherence without
the specificity of articulating what aspect of adherence is
being studied. For example, many problems with patients not
beginning a new therapy (ie, initiation) differ from problems
with patients terminating therapy earlier than recommended
(ie, discontinuation). Studying certain phases of adherence
has historically been challenging because of data integration
issues. For example, measuring initiation requires the linkage of prescription orders and prescription fill information,
which are not commonly available in the same data set.
This lack of consideration of medication adherence phases
is problematic because there are nuances in the types of
policies and interventional strategies that might be helpful
to increase adherence at difference phases. For example,
tools to aid shared decision making between prescribers and
patients may be particularly relevant at the initiation phase.
To support implementation, smartphone applications (apps)
that provide medication dosing reminders may be useful.
Without knowing which phase(s) are most problematic, it
is challenging to know where to focus our efforts or apply
the right solutions.
Second, few existing interventions have defined which
phase(s) of adherence have been targeted. This makes it
challenging to compare across studies and identify gaps
in the scientific evidence. Most studies evaluate implementation (often using pharmacy-based measures such as
proportion of days covered or medication possession ratio),

Patient Preference and Adherence 2018:12

Patient Preference and Adherence downloaded from https://www.dovepress.com/ by 208.184.236.243 on 14-Jul-2018
For personal use only.

Dovepress

perhaps because it is easier to measure.18 Measuring initiation may require linking nontraditional data sources such as
e-prescribing information and pharmacy fill data.19,20 This
linking of data is not commonly done outside of a select number of integrated health care systems. Similarly, identifying
discontinuation in real time is challenging using electronic
health record (EHR) and pharmacy data. Also challenging
with EHR and pharmacy is determining where discontinuation is appropriate (ie, in accordance with a provider’s
instructions) or inappropriate (when a patient independently
decides to stop taking a medication, perhaps due to side
effects). Third, having a standard taxonomy facilitates the
development of quality metrics which could be used to create
incentive models related to improving medication adherence
and monitoring progress over time.
There has been a move in the field to standardize definitions associated with adherence6 and, more recently, to create
guidelines for reporting adherence-related interventions.21 As
new studies begin to consistently use the same language and
reporting standards, we will be better able to understand the
landscape of adherence, quantify the problem with increased
specificity, and identify adherence phase-relevant solutions
to improve it.

Complementary perspectives of
precision medicine and population
health
In addition to using standard taxonomy, improving medication adherence requires considering the complementary
perspectives of precision medicine and population health. In
other words, tailored solutions addressing a patient’s specific
adherence barriers (precision medicine), scaled to the population level (population health), may be a successful strategy
to facilitate improved medication adherence on a larger scale.
Precision medicine focuses on identifying patients with
tailored and targeted intervention(s) delivered to meet their
unique needs. The goal with precision medicine tends to
have an individual impact. Currently, most literature reviews
qualify “big impact” as an aggregate across many different
patients, leading to only intensive and very complex interventions as demonstrating any real effectiveness at improving
medication adherence.10,11 Furthermore, as indicated by a
recent Cochrane review analysis,12 research often does not
consider nonadherent individuals; in order to obtain clinical
benefits from effective adherence interventions, researchers need to focus on the inclusion of nonadherent patients.
Recent technological advancements in large national databases and data sharing, genomic sequencing, and predictive
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analytics have increased the feasibility and power of precision
medicine, pushing precision medicine into the national
spotlight as a presidentially driven research initiative.22 Similarly, increasing evidence demonstrates that incorporating
individualized factors in medication use (eg, patient beliefs,
goals, preferences, and specific patient barriers to medication
taking) leads to both improved medication adherence and
better clinical outcomes.23,24 Thus, combining the principles
of patient-centered care with “big-data” and predictive
analytic tools employed by precision medicine will allow
researchers to identify patients at greatest risk for adherence
problems, and allow clinicians to deliver adherence interventions to those who need it.
Population health, however, takes a broader approach to
addressing medication adherence than precision medicine.
Population health focuses on the health outcomes of a specified group of people, including the distribution of outcomes
within that group.25 Therefore, population health might focus
on delivering interventions to an entire patient group (ie,
patients prescribed an anti-hypertensive medication) with the
notion that small improvements across a broad population
will have a large downstream impact on adherence and health
outcomes among the patient population at large.
While precision medicine and population health take
different approaches, there is a need for both. Aspects of
precision medicine, such as tailoring therapies or intervention content to specific patients’ needs, can be scaled up and
applied in a population health model. For example, current
population health models allow for distributions of outcomes
to be conditioned among subpopulations, usually defined as
geographic regions, but also occasionally defined as other
groups, such as employees, insurance status, and disease
groups, among others. Precision medicine techniques would
allow for the development of other subgroups defined by a
range of additional factors or unique combinations of factors
(eg, unemployed individuals with co-occurring substance use
problems; heart failure patients with stages 1–4 according
to the New York Heart Association classification; forgetfulness), and the distribution of population-level factors such
as copayments and outcomes could be examined along these
subgroups as well. Enhancing the complementary perspectives of precision medicine and population health is critical;
however, we assert the largest yield is with interventions and
policies that are widely disseminated (Figure 1).

Data integration
In this climate of health care reorganization and uncertainly,
there is a critical need for data integration. In the USA,
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Figure 1 Complementary strengths of population health and precision medicine.

diagnosis and health care use information (eg, inpatient and
outpatient electronic health record data) are generally created and managed by health care systems. Pharmacy fill and
refill information (eg, retail and specialty pharmacy data)
are typically created and managed by retail pharmacies and
pharmacy benefit managers. Utilizing these large amounts
of administrative data can yield interesting insights into
broad medication nonadherence patterns,26 but triangulating information about adherence and linking it with clinical
information may be challenging. Even in the case of Medicare
and Medicaid, health care use and prescription medications
are reimbursed through separate channels. For example,
Medicare Parts A and B cover hospitalizations and medical
care, whereas Part D covers medication benefits.
Data integration is important for several reasons. Clinically, it facilities better interprofessional communication
among various health care providers, thus providing a more
robust picture of the care being provided to a given patient.
A robust picture of care can facilitate a precision medicine
perspective by identifying patients with critical health risks
who would benefit greatly from targeted adherence efforts.
There are a few excellent examples of well integrated data
from integrated health care systems such as Kaiser Permanente and Veterans Affairs. Because of data integration and
accessibility, these health care systems are uniquely able to
address research questions and inform the health care system
in near real time. Specifically, the potential to reduce medication errors, reduce duplication of medications, and address
seeking multiple providers with substance abuse disorders
are some of the immediate benefits of additional adherence
data integration.27
There is a need to follow this example with publically
available data sources, such as Medicare Parts A, B, and D,
in order to develop a robust understanding of adherence
behaviors (eg, describe in context of the phases of adherence). Federal legislation has been introduced that would get
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at these linkages and data sharing. To enable health policy
decisions to be informed by data, central to this effort is the
need to use data interoperability standards and reduce delays
in data reporting.
As technology advances, increasing incorporation of
patient-generated self-monitoring data will likely increase.
Furthermore, as many sources of innovative data become
available, the need to integrate data will become even more
important. For example, there is emerging digital chip technology that monitors when patients take their medication.
The digital chip is embedded in a pill, which is activated
upon contact with digestive enzymes in the stomach, and is
read through a dermal patch. Information can be delivered
to patients and providers in near real time. This is currently
being used for patients diagnosed with schizophrenia. Once
provided with objective information about a patient’s adherence, their provider can determine if oral medication or a
long-acting injectable is preferable.28

Behavioral science and incentivizing
medication adherence
Reinforcement interventions, programs that are based on
behavioral economic principles, are becoming more widely
used in clinical practice. Behavioral economic principles
have guided financial and social incentive structure programs
designed to address a patient’s propensity for nonadherence.
A recent review found that both randomized studies and
nonrandomized studies evaluated the efficacy of financial
reinforcement to improve medication adherence.29 Financial
reinforcement interventions apply behavioral economic
principles by which a patient received monetary compensation
for meeting health goals. Across the reviewed studies, financial incentives were applied for adherence to medications in
several disease states. Reinforcement interventions meaningfully improved adherence and did so with a medium to large
overall effect size. Compared to randomized studies, on average, the effect size was larger in nonrandomized studies. The
studies that demonstrated the largest effect sizes were longer,
provided hefty financial incentives ($US$50 weekly), and
interacted with patients often (at least weekly).29
In efforts to improve system financial incentives by linking payment to value rather than volume, some pharmaceutical manufacturers and private payers have shown an interest
in outcomes-based contracts. These contracting arrangements
tie the price paid for drugs to their effectiveness in treating
targeted patients, allowing manufacturers to share risk for
the medicine’s performance in the payer’s population. By
reducing the payer’s risk associated with the medicine not
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performing as expected, outcomes-based contracting could
help support appropriate access to medications, potentially
impact out-of-pocket prices for patients, and reduce payers’
concerns about wasting resources on medications that do not
perform as expected outside of clinical trials or for select
subpopulations.
Another behavioral economic program is value-based
insurance design (V-BID). V-BID relies on insurance costsharing. Patients pay a reduced price for medications that
have a higher clinical value. A review of 10 studies that used
V-BID medication adherence improved adherence between
2 and 5 percentage points across the included studies. While
medication adherence improved, it was uncertain whether
the associated clinical outcomes, health care use, and health
care spending also improved.30
Few studies have looked at long-term use of behavioral
economic principles. A key aspect of behavioral economics is
that people place a disproportionate emphasis on immediate
outcomes and do not fully consider possible, downstream,
or delayed events.31 In the context of medication adherence,
patients may consider short-term inconveniences associated
with taking a pill or managing unpleasant side effects and
may disregard or not value the longer-term outcomes of
potential for disability or even death. In other words, eliminating copayments will likely not completely resolve nonadherence in people who miss medications, for example, due
to beliefs about side effects. Helping patients focus on direct
and immediate positive outcomes of taking their medication
through the use of financial incentives has the potential to
improve both individual and population health.

Conclusion
Medication adherence remains at the forefront of public
health burdens facing the USA. Improving adherence
requires a multifaceted approach, engaging principles of
both precision medicine and population health. We assert
that innovative approaches are needed to advance the field
of medication adherence including embracing a standardized
taxonomy to describe adherence and report adherence-related
study results, integrating data sources to develop innovative measurement of adherence, and considering innovative mechanisms (ie, behavioral economics principles) to
incentivize both patients and payers to engage in improving
medication adherence.
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