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Abstract: Medication nonadherence is an important public health consideration, affecting
health outcomes and overall health care costs. This review considers the most recent developments in adherence research with a focus on the impact of medication adherence on health care
costs in the US health system. We describe the magnitude of the nonadherence problem and
related costs, with an extensive discussion of the mechanisms underlying the impact of nonadherence on costs. Specifically, we summarize the impact of nonadherence on health care costs
in several chronic diseases, such as diabetes and asthma. A brief analysis of existing research
study designs, along with suggestions for future research focus, is provided. Finally, given the
ongoing changes in the US health care system, we also address some of the most relevant and
current trends in health care, including pharmacist-led medication therapy management and
electronic (e)-prescribing.
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Introduction
In 2010 the costs of health care in the US exceeded $2.7 trillion and accounted for
17.9% of the gross domestic product. Projections indicate health care will account
for 20% of the US gross domestic product by 2020.1–4 Twenty percent to 30% of dollars spent in the US health care system have been identified as wasteful.1,2,5 Providers
and administrators have been challenged to contain costs by reducing waste and by
improving the effectiveness of care delivered. Patient nonadherence to prescribed
medications is associated with poor therapeutic outcomes, progression of disease, and
an estimated burden of billions per year in avoidable direct health care costs.6–8 This
review provides a general overview of nonadherence, its cost in specific illnesses, and
approaches to improving medication adherence.

Definition and measurement
of medication adherence
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Patients are considered adherent to medications when they take prescribed agents at
doses and times recommended by a health care provider and agreed to by the patient.9
As the health care community adopts the concepts of patient centeredness and activation, it is moving away from the term “compliance”, which implies patient passivity
in following the prescriber’s recommendations.10 Medication persistence is the length
of time from initiation to discontinuation of therapy.11,12
Adherence may be measured indirectly or directly as shown in Table 1. Two indirect adherence metrics used in research and administrative work are the medication
35
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possession ratio (MPR) and the proportion of days covered
(PDC). MPR is calculated as the total number of days supplied, divided by the number of days between the first and
last refills; while PDC is calculated as the total number of
days supplied during an interval, divided by the total number
of days during that interval.13 An MPR of 80% is often used
as the cut off between adherence and nonadherence based
on its ability to predict hospitalizations across selected
high prevalence chronic diseases.14 These measures rely on
pharmacy claims data, which does not account for the use
of free drug samples, can miss coverage through a different
insurance plans, and is insensitive to therapy changes.15,16
Insurance claims data also do not assess whether patients time
doses, or use delivery devices, correctly. These protocols are
important in conditions like COPD and asthma, where the
way a patient uses inhaled therapy can also affect outcomes
significantly.17
In clinical settings, adherence may be indirectly assessed
using patient recall. Because patients may significantly
overestimate adherence during self-reports,18 patient recall
is more effectively interpreted when combined with a validated questionnaire to assess adherence barriers.19–21 Other
methods such as pill counting and reviewing pill bottles
against medication lists may provide important clinician
Table 1 Methods of measuring adherence
Methods

Data
source

Definition

Indirect measurements used in research and administrative settings
MPR*
Pharmacy
= (total days supplied)/(number of
claims
days between the first and last refills)
PDC*
Pharmacy
= (total days supplied)/(number of
claims
days in refill interval)
Indirect measurements used in patient care settings
Self-report
Patient
Patient recalls medications taken
in response to care team query
Questionnaire Provider
Use of validated tool for adherence
markers
Pill counting
Provider
Staff member reviews patient supply
for doses remaining
 Dose counting Device
Device includes electronic or manual
device
counter that tracks doses released
 ElectronicPBM
Reports transmitted from a
prescribing
interface
pharmacy benefit manager to
provider usually via EMR link
Direct measurement
 Direct
Provider
Patient receives and takes medication
observation
at health care facility
 Drug levels
Laboratory
Patient blood or urine sample tested
and markers
Note: *Generally not used in direct patient care.
Abbreviations: MPR, medication possession ratio; PDC, proportion of days
covered; PBM, pharmacy benefit manager; EMR, electronic medical records.
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insights and an opportunity for patient education.22 Bidirectional electronic (e)-prescribing interfaces which provide
clinicians data on medication refill intervals at the time
of care, are available in settings with electronic medical
records.23 Electronic and mechanical dose counters provide
estimates of adherence that can be reviewed during clinician visits; these may also improve adherence by providing
patient reminders.24 Finally, clinicians may assume patients
are adherent with medications when therapeutic goals are
achieved. Like claims data, clinical setting measures lack
the ability to verify doses are taken but require less time
and expense to implement, compared to directly measured
adherence.
Direct methods, including observed therapy, and blood or
urine drug and metabolite concentrations are most commonly
used in research when therapy involves high risk medications,
or when public health needs merit the additional costs, invasiveness, and resources required to implement them.9,25

Optimizing expenditures
and outcomes
In 2010 spending for prescription drugs in the US was
US$259 billion.26 Considering the prevalent rates of nonadherence, drug-related expenses could increase substantially if
adherence improved. Medication nonadherence is widespread
and varied by disease, patient characteristics, and insurance
coverage, with nonadherence rates ranging from 25% to
50%.6,27 In the US, nearly half of all adults have at least one
chronic disease28 and the percentage of Americans taking at
least one prescription drug increased from 38% in the period
1988–1994 to 49% in the period 2007–2010; during the same
time the number of adults taking three or more prescription
drugs doubled.26 Prescription medication use will increase
as the population ages. Based on these statistics, increasing
adherence from current levels could increase medication
expenses by billions of dollars.
Strategies to enhance adherence should consider the
impact on overall health care costs, weighing increased drug
expenditures against savings from improved outcomes. The
majority of the costs attributed to medication nonadherence
result from avoidable hospitalization.7 Additional direct costs
are incurred by progression of controllable disease with:
1) increased service utilization at physician offices, emergency rooms, and urgent care and treatment facilities such
as nursing homes, hospice, or dialysis centers; 2) avoidable
pharmacy costs related to therapy intensification as comorbid
conditions develop; and 3) diagnostic testing that could be
avoided by controlling the primary illness.
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Because the adverse consequences of most chronic illnesses may not present for years, it is argued that additional
expenditure to increase medication adherence might not be
economically attractive to payers. Even in illnesses where
total health care costs are lower in adherent patients, savings
might reflect the impact of patient characteristics, other than
adherence, that make them healthier overall than nonadherers.29 If this were true, investing resources in activating
“unhealthy nonadherers” might not be cost effective. However, as discussed in our review, there is substantial evidence
that the long term costs of poor outcomes exceed costs of
medications in many chronic illnesses.7
In contrast, increasing adherence in mild illness may not
save costs. If the cost of the medication is relatively high,
while the baseline rate of hospitalizations and emergency
department visits is low (eg, mild asthma or early human
immunodeficiency infection), total health care costs may
increase with better adherence.17,30 In cases like these, using
low-cost generic medications and targeting higher severity
patients may shift the balance towards cost savings.
Increasing adherence in patients with higher acuity may
be a better investment, especially when rates of hospitalization are high. An estimated 10% of hospitalizations in older
adults may be caused by medication nonadherence.29,31 To
prevent admissions and readmissions, payers and hospitals have implemented programs to improve medication
adherence after discharge.32,33

Medication adherence
and health care costs
The relationship between nonadherence and associated health care costs is shown in Figure 1. Medication
nonadherence leads to poor outcomes, which then increase
health care service utilization and overall health care costs.
The financial pressure is passed to patients by payers
through higher copayments, or via higher costs to employers for coverage. Increased patient cost sharing beyond
a threshold negatively impacts the level of medication
adherence.34 Figure 1 does not include other important
drivers, such as the impact of reduced productivity, absenteeism, and increased disability on employers or society.
It has been estimated that health-related productivity loss
costs are 2.3 times higher than the direct health care costs.35
Therefore, the benefits of improved medication adherence
may be even greater when considered at a societal level.
However, most of the existing studies consider only direct
health care costs when estimating the impact of nonadherence, and typically do not include productivity and
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Figure 1 Conceptual diagram displaying a mechanism that may contribute
to the maintenance of the medication nonadherence problem within the US
health care system.

disability costs.17 Medication waste accounts for a small
percentage of these costs.36,37
Between $100 and $300 billion of avoidable health care
costs have been attributed to nonadherence in the US annually, representing 3% to 10% of total US health care costs.7,38
While there is substantial information relating nonadherence
to poor patient outcomes, relatively few high quality studies report the impact on costs. The cost of nonadherence
is generally determined by using administrative data to
evaluate health care costs in populations of patients who are
adherent compared to costs of populations of patients who
are nonadherent. Systematic reviews of adherence note that
differences in design, cost definitions, and included diagnosis
(International Classification of Diseases [ICD]-9) groups,
have varying levels of attributable-cost and make comparison
of outcomes challenging. Over the last decade, the impact
of adherence has been evaluated in association with numerous illnesses, including cardiovascular, pulmonary, gastrointestinal, metabolic, infectious, and psychiatric diseases.
Representative findings are presented in our review, including
summaries of systematic reviews when available.

Cardiovascular disease
Approximately 50% of patients with cardiovascular disease
have poor adherence to their prescribed medications.39 In
a 2009 review, Ho et al concluded “Surprisingly little is
known about the association between medication adherence and health care costs in cardiovascular populations”.12
In Medicare and Medicaid beneficiaries with congestive
heart failure, Esposito et al found that total health care costs
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showed a graded relationship to adherence measured by
MPR, and, were as much as 23% less per year for adherent
compared with nonadherent patients.40 A retrospective longitudinal analyses by Sun et al, of more than 1,300 patients
with heart failure or myocardial infarction after acute hospitalization revealed that adherence and persistence with
angiotensin receptor blockers and angiotensin converting
enzyme inhibitors resulted in lower risk of rehospitalization and lower health care costs.41 Several studies have
found strong associations between statin adherence and
costs. In a retrospective cohort study of 381,422 patients
using an integrated pharmacy and medical claims database,
higher MPR was associated with reductions in subsequent
total health care costs and cardiovascular disease-related
hospitalizations.42 Another retrospective claims-based study
of 1,705 patients with diabetes and hyperlipidemia showed
that adherence decreased all-cause medical costs by 15%.43
Sokol et al reported that in a retrospective cohort observation
of 137,277 benefit plan patients, high levels of adherence
were significantly associated with lower overall health care
costs for diabetes, hypercholesterolemia, and hypertension,
but not with congestive heart failure.29

COPD
In a 7-year retrospective administrative claims study of
55,076 chronic obstructive pulmonary disease (COPD)
patients, Toy et al demonstrated an association between a
high proportion of days covered (PDC) and fewer emergency
department visits, and hospitalizations, resulting in a 2.2%
reduction in overall costs.44 A similar study of 33,816 Medicare beneficiaries diagnosed with COPD by Simoni-Wastila
et al found a reduction (−$2,185 per patient) in the annual
Medicare spending for patients with PDC higher than 80%,
compared to patients with PDC below 80%.45 Stuart et al
compared users and nonusers of maintenance medication
for COPD, and found use of maintenance therapy was associated with significantly lower risks of hospitalization and
rehospitalization and reduced Medicare expenditures.46

Asthma
In contrast to COPD, the studies have shown better adherence
in asthma cohorts was associated with higher total health care
costs. For example, a retrospective observational study of
18,456 Medicaid children aged 2–18 years diagnosed with
asthma found lower rates of emergency room utilization,
but did not demonstrate improved health care costs.17 A retrospective observational study using 2 years of claims data
for 41,234 commercially insured asthmatics found overall
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costs increased with better adherence, except for patients
in high-risk subgroups with past emergency department
visits or hospital admission.30 Both studies suggest that
improving medication adherence is cost saving in patients
with severe disease, but increases overall costs in patients
with mild disease, and a corresponding lower baseline rate
of hospitalizations.17,30

Depression
In a retrospective study of patients initiating selective serotonin reuptake inhibitor (SSRI) therapy for depression and/or
anxiety between July 2001 and June 2002, in a large national
managed care database, Cantrell et al found approximately
43% of patients were adherent to antidepressant therapy,
and adherent patients were associated with the lowest yearly
medical costs.48 Conversely, a study of 65,753 managed care
patients between 2001 and 2002, found medical charges
(mainly related to inpatient treatment), excluding pharmacy
charges, were lower for patients remaining on antidepressant
drug therapy for at least 90 days, but that when drug costs
were added there was no difference between adherent and
nonadherent patients.49 Another study of 60,386 adult patients
with depression studies showed adherent patients incurred an
additional $806 in overall health care expenditures compared
to nonadherent patients, in the 6 months following initiation
of antidepressant therapy.50

Diabetes
Multiple studies have evaluated the relationship of costs to
diabetes, and generally support a correlation of increased
adherence and reduced cost. One systematic review by
Salas et al identified 209 studies, of which ten met inclusion
criteria, and evidenced that despite significant methodological discrepancies among studies, low adherence was
generally associated with higher costs.51 Another systematic
review identified 449 relevant articles (12 met criteria) and
reached similar conclusions.52 In a retrospective study of
57,687 patients, Hepke et al reported that overall health
care costs were not lower among diabetic patients who were
adherent with medications due to increased pharmaceutical
costs, but suggested a threshold effect above which adherence
was associated with reduced costs.16 Balkrishan et al found
that each 10% increase in adherence was associated with an
8.6% to 28.9% decrease in total annual health care costs.47
More recently, in a longitudinal 4 year study of 740,195
veterans with type II diabetes, Egede found that nonadherent
patients can have annual inpatient costs 41% higher compared to adherent patients, and concluded that significant
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costs could be avoided by increasing adherence.53 The level
of cost savings varies with the type of diabetes medication
considered.16,54

hospitalization but no difference in total annual health care
costs.57

HIV/AIDS

Studies of adherence and its impact on health care costs have
been completed for other illnesses including musculoskeletal
conditions, gastrointestinal and metabolic disorders, neurologic conditions, and others, and suggest varying levels of
impact.6,9,30,58

In a retrospective cohort study of 325 previously antiretroviral medication-naïve human immunodeficiency virus
(HIV)-infected individuals initiating first antiretroviral
therapy from 1997 through 2003, Gardner et al showed that
better adherence to antiretroviral medication was associated
with decreased health care utilization and associated costs;
however, because of the high cost of antiretroviral therapy,
total medical costs were increased.55 A cohort study of 2,234
Medi-Cal patients with HIV reviewed outcomes in a patient
subset served by medication therapy management (MTM)
pharmacies versus other pharmacies; this documented higher
medication adherence in MTM patients but no significant
differences in total cost per patient per group.56 Among
HIV-infected veterans, some with drug resistant HIV and
multiple comorbid conditions, high adherence with antiretroviral therapy was associated with lower rates of inpatient

Demographic

Other illnesses

Determinants of patient adherence
In order to improve medication adherence, clinicians must
understand why patients fail to take prescribed medications.
There is a large body of literature that investigates the determinants of medication nonadherence. These determinants can
be categorized as patient related, provider related, and external factors.9,11 Patient related factors can be further divided
into demographic, sociocultural and behavioral factors.59
External factors include disease characteristics, medication
properties and system components.9,11 Figure 2 depicts the
relationship of patient, provider and external factors.

Sociocultural

• Age, sex
• Education
• Employment, income
• Family size
• Marital status

• Health literacy
• Medication beliefs
• Perceived threat
• Social network

Behavioral
• Cognitive function
• Mental illness
• Stress
• Substance abuse

Patient

Provider
• Communication
• Relationship with
patient

Medication adherence

• Racial concordance

External factors
Disease
• Quiescence/severity
• Duration
• Response to treatment

Medication
• Adverse events
• Regimen complexity
• Storage requirements

System
• Access to care
• Cost/copay
• Health insurance
• Transitions of care

Figure 2 Selected determinants of medication adherence.
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Among patients, forgetting is the most frequently reported
reason for nonadherence.60,61 In a survey of 10,000 patients,
the most common reported reason for missing medications
was forgetfulness (24%), followed by perceived side effects
(20%), high drug costs (17%), and perception that a prescribed medication would have little effect on their disease
(14%).62 In another survey of 14,464 Medicare beneficiaries,
patients who did not fill at least one prescription reported the
following reasons: “thought it would cost too much” (55.5%),
“medicine not covered by insurance” (20.2%), “didn’t think
medicine was necessary for the condition” (18.0%), and “was
afraid of medicine reactions/contraindications” (11.8%).63
More sophisticated patient assessment tools can elucidate
psychological determinants such as self-reported medication
self-efficacy, beliefs about medications and motivation that
may impact adherence.19,64
In Figure 2, providers are positioned as connectors
between patient and external factors. In an effective provider–
patient relationship, providers will engage patients in shared
decision making regarding medication needs and expected
efficacy. Communication is central to the effectiveness of
this relationship. Zolnierek et al estimated in a recent metaanalysis, that poor communication results in a 19% higher
risk of nonadherence.65 Conversely, training physicians to
improve their communication abilities leads to an improved
chance of patient adherence.65 Factors like racial concordance
can affect physician–patient communication and clinical
decision making. A qualitative study conducted by Snipes
et al concluded that black physicians were more inclined than
white physicians to take into account a patient’s race and
cultural beliefs about disease when deciding among treatment alternatives.66 From a provider perspective, inadequate
time and communication tools were perceived to be the most
important barriers to enhancing adherence.67
Health care systems determine adherence in a number of
ways. Restrictive formularies may limit access to prescribed
medications and magnify patient barriers.68 Systems should
ensure patient benefits support appropriate access and utilization, and develop provider payment models and patient
management services that encourage adherence. The impact of
out-of-pocket patient cost on adherence is discussed below.
Numerous interdependencies exist between patient,
provider, and system. For example, a perceived threat from
a specific disease may be influenced by a patient’s sociocultural background, as well as the patient’s personal experience
with the disease and its severity. Patient perceptions may
be further influenced by clinician–patient communication,
the strength of which may be a function of the patient’s
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cultural concordance and by system and provider factors.
These relationships also suggest strategies that may enhance
adherence.

Strategies to increase
patient adherence
Strategies that may be used to increase medication adherence
are presented in Table 2. These can be seen as targeting the
patient, provider, and external determinants of adherence.
A 2012 systematic review by Viswanathan et al evaluated
interventions to improve adherence to self-administered
medications for chronic disease, and found that reduced outof-pocket patient costs (ROPC), case management and patient
education improved adherence in more than one condition.57
The review also found strong evidence for interventions such
as collaborative care (in depression) and self-management (of
asthma), but cautioned that benefits might not extend to other
conditions. Disease self-management, patient engagement or
“activation”, as measured by the validated questionnaires,
has been linked to better health outcomes.69,70
Reducing out-of-pocket costs leads to better medication
adherence across many diagnoses.58 There is a linear relationship between the magnitude of patient cost sharing and the
level of adherence.34
This relationship persists from low to higher income
levels. A large survey found that a significant percentage
(14%) of high-income respondents also indicated cost-related
nonadherence, despite relatively affordable copayments.71
Table 2 Selected strategies for improving medication adherence
Strategies

Examples

Patient
Education
Engage social
network
Reminders
Provider
Improve relationship
with patients
External factors
Simpler regimen
Auto-delivery
systems
EMR based
Team based care,
care coordination
Value based
insurance designs

Patient counseling by physicians or other health
care personnel58
Family members can provide reminders and
feedback. This is particularly helpful for patients
with psychiatric disease85
Automated alerts, telemonitoring86
Training physicians to improve their communication
skills, patient activation by improving patient–
physician communication87
Medications with long half-life or extended release9
Eg, auto-injectors, pumps89
Electronic prescribing81
Patient centered medical homes; case management;
engagement of nursing staff, pharmacists58
Lowering copayments can improve adherence34

Abbreviation: EMR, electronic medical records.
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Whether ROPC will result in overall reductions in health
care costs is less clear. Choudhry et al demonstrated that
providing full prescription coverage to patients discharged
after acute myocardial infarction improved mediation adherence by 4 to 6 percentage points but did not affect total health
care costs despite some improvement in rates of subsequent
first major vascular events.72 A 2013 consensus panel review
called for additional work to assess the effectiveness of
ROPC studies.73
Several studies have specifically reviewed use of financial
incentives to increase medication adherence. A recent systematic review by DeFulio and Silverman identified 692 articles,
13 of which met inclusion criteria; across all studies,
incentives increased adherence by a mean of 20 percentage
points, but effects varied widely.74 Providing incentives that
are at risk for nonadherence may be an effective strategy,
based on the behavioral construct of “loss aversion” which
states that people experience more dissatisfaction from the
loss of a certain dollar amount than the satisfaction from
the gain of the same amount.75 Two studies looking at the
effect of lottery based incentives on anticoagulant adherence have had mixed results, but this concept needs further
assessment. The impact on long term adherence has not
yet been investigated.76,77
In contrast to population-based approaches, patientspecific approaches to nonadherence have been suggested.
Marcum et al recently described use of validated adherence
assessment tools to “diagnose” patient specific reasons for
nonadherence, with subsequent effort directed at the specific
barriers represented by that diagnosis.20 This strategy suggests benefit for incorporating standard screening tools into
patient interviews and reflects a need for patient centeredness
in care delivery.

The way forward
Additional work is needed to elucidate the cost and impact
of effort to improve adherence of patients. Because many
reports studying the impact of medication adherence on
health care costs are based on retrospective observational
studies; it is difficult to prove causality between changes in
medication adherence and corresponding effects on health
care costs. Studies may be affected by the “healthy adherer”
phenomenon, which occurs because healthier people may be
more adherent, but also have better outcomes independent of
the drug’s therapeutic impact.54 As a consequence, it has been
argued that more clinical trials, where randomization could
remove some sources of bias, should be designed to directly
investigate the cost impact.29 Because of the insensitivity
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of current diagnosis groups to disease severity or stage, as
in congestive heart failure or asthma, the planned national
implementation of ICD-10, which has much more specificity, may improve identification of specific populations where
efforts to increase adherence would achieve greatest gains.
Team-based case management is already recognized as
an effective care strategy that improves adherence and health
outcomes, and can decrease overall medical care costs. The
guiding principles of patient-centered medical homes include
the maintenance of a longitudinal patient relationship with
a personal physician together with a multidisciplinary care
team who together take a whole-person approach and coordinate care across settings is also a key component.78 Since
the “medical home” model is relatively new and still under
assessment, its impact on health care costs as related to
improvements in medication adherence remains to be fully
demonstrated.
Pharmacists can play integral roles within medical
homes.79 Pharmacist led multi-pronged interventions have
indeed been demonstrated to improve outcomes.58 From a
legislative perspective, the Medicare Modernization Act of
2003 required Medicare part D plans to implement medication therapy management services provided by clinical pharmacists, while the 2010 Affordable Care Act provided more
guidance and expanded patient eligibility.80 These services
include a comprehensive assessment of current medications, which includes counseling regarding the importance
of adherence, and the design of a medication related action
plan.81 A recent review of studies evaluating medication
therapy management programs has identified key elements
that improve outcomes, such as providing services to patients
with specific therapeutic problems, having routine communications with primary care providers, and having regular
follow-up to encourage medications adherence after changes
in the medication regimen.82
E-prescribing is another intervention with the potential
to improve medication adherence and total health care costs,
and is becoming more widely used as electronic medical
records are integrated into medical practices. E-prescribing
differs from simple transmission of prescriptions directly to
pharmacies and allows prescribers to receive an electronic
notice from the pharmacy telling them that a patient’s prescription has been picked up, not picked up, or has been partially filled, to help monitor medication adherence in patients
with chronic conditions. A recent study, conducted by Surescripts in collaboration with pharmacies and pharmacy benefit managers, analyzed over 40 million prescription records,
observing that e-prescribing increased the percentage of
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new prescriptions that were picked up by patients from the
pharmacy by 10%, compared to paper prescriptions. In the
absence of e-prescribing, only 73.2% of paper prescriptions
make it to the pharmacy and an even smaller percentage of
the total prescriptions written are picked up by patients. The
same study estimated that e-prescribing and the corresponding increase in first-fill medication adherence would save at
least $140 billion over the following decade.83 Additional
studies to validate the impact of e-prescribing systems and
electronic medical records on adherence and related cost
savings are needed.84

Conclusion
Medication nonadherence is a significant contributor to avoidable health care costs in this country. While impact on disease
outcome and cost is more pronounced in some illnesses than
others, stakeholders agree that increasing medication adherence would improve health outcomes and save billions of
dollars. Improved adherence can be achieved through better
education, value-based insurance designs, and thoughtful
use of patient incentives. Ultimately collaboration between
patients, payers, policy makers and providers, and redesigning systems to employ more team-based care, use lower cost
medications, and target highest cost illnesses, will be needed
to achieve better adherence and optimize spending.
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