Hypertension
AHA SCIENTIFIC STATEMENT

Medication Adherence and Blood Pressure
Control: A Scientific Statement From the
American Heart Association
Niteesh K. Choudhry, MD, PhD, Chair; Ian M. Kronish, MD, MPH, FAHA; Wanpen Vongpatanasin, MD;
Keith C. Ferdinand, MD, FAHA; Valory N. Pavlik, PhD; Brent M. Egan, MD, FAHA; Antoinette Schoenthaler, EdD;
Nancy Houston Miller, BSN; David J. Hyman, MD, MPH; on behalf of the American Heart Association Council on Hypertension;
Council on Cardiovascular and Stroke Nursing; and Council on Clinical Cardiology
ABSTRACT: The widespread treatment of hypertension and resultant improvement in blood pressure have been major
contributors to the dramatic age-specific decline in heart disease and stroke. Despite this progress, a persistent gap remains
between stated public health targets and achieved blood pressure control rates. Many factors may be important contributors
to the gap between population hypertension control goals and currently observed control levels. Among them is the extent
to which patients adhere to prescribed treatment. The goal of this scientific statement is to summarize the current state
of knowledge of the contribution of medication nonadherence to the national prevalence of poor blood pressure control,
methods for measuring medication adherence and their associated challenges, risk factors for antihypertensive medication
nonadherence, and strategies for improving adherence to antihypertensive medications at both the individual and health
system levels.
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ypertension is a major risk factor for heart disease,
stroke, and kidney disease and is the number 1
diagnosis for office visits to primary care clinicians.
More than 55 million Americans are currently treated
with antihypertensive drugs.1 The widespread treatment
of hypertension and resultant improvement in blood pressure (BP) have been major contributors to the dramatic
age-specific decline in heart disease and stroke that has
occurred in the United States over the past decades.2
Despite this progress, a persistent gap remains
between stated public health targets and achieved BP
control rates. Results from NHANES (National Health
and Nutrition Examination Survey) conducted between
1999 and 2018 indicate that the prevalence of BP control, using the threshold of 140/90 mm Hg, increased
from 31.8% to a high of 53.8% in 2014 but appears to
have declined since, with only 43.7% of US adults with
hypertension having controlled hypertension in 2018,3
well short of the US Department of Health and Human
Services goal of 61.2% by 2020.4

Many factors may be important contributors to the gap
between population hypertension control goals and currently observed control levels. Among them is the extent to
which patients adhere to prescribed treatment. The World
Health Organization defines adherence as the extent to
which a person’s behavior—taking medication, following
a diet, or executing lifestyle changes—corresponds with
agreed-on recommendations from a health care professional.5 Although all these health behaviors are important,
medication adherence plays a specific and critical role
in hypertension control and is the focus of this scientific
statement.
The NHANES surveys provide a starting point for
evaluating how nonadherence may rank among other
factors affecting hypertension control. An analysis of
the 2003–2010 NHANES sample that focused on the
characteristics of people with uncontrolled hypertension showed that 39.4% of subjects were unaware of
their hypertension, 15.8% were aware but not currently
using medication, and only 44.8% were aware and being
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Figure. Classification of adults with
uncontrolled hypertension: NHANES
(National Health and Nutrition
Examination Surveys) 2003 to 2010.6
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treated (Figure).6 Of the 60% of hypertensive patients
who are aware of their diagnosis, several factors may
contribute to poor control: (1) suboptimal dosing or treatment intensification by the treating clinician (commonly
referred to as clinical inertia) or poor drug choice, (2) limited access to or use of health care attributable to either
lack of insurance or infrequent contact with the health
system, and (3) failure of individuals to adhere to prescribed antihypertensive treatment or other lifestyle recommendations. These factors are, of course, not mutually
exclusive and highlight that there are many contributors
to the failure to meet BP goals in general and to nonadherence in particular. For example, the unaffordability
of medications and the inability of patients to pick up
their prescribed medications because of long travel distances to their pharmacy or limited hours of operation
are systemic factors that are not within patients’ direct
control.7 Furthermore, evidence suggests that clinician
failure to intensify medical regimens, often called clinical inertia, may be a greater contributor to uncontrolled
BP than patient nonadherence to drug therapy.8,9 For
example, Daugherty et al10 studied patients with resistant
hypertension or uncontrolled BP in 2 US health systems
and found that treatment was intensified in fewer than
a quarter of visits with elevated BP and that treatment
intensification, but not medication adherence, was associated with substantially better BP control. Thus, it is a
mistake for clinicians to attribute poor BP control solely
to patient nonadherence without first examining whether
the treatment regimen is adequate. Nevertheless, medication nonadherence, including its broader systemic
contributors, remains an important target for efforts to
improve hypertension control.
The goal of this scientific statement is to summarize
the current state of knowledge of (1) the contribution
of medication nonadherence to the national prevalence
of poor BP control, (2) methods for measuring medication adherence and their associated challenges, (3)
risk factors for antihypertensive medication nonadherence, and (4) strategies for improving adherence to
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antihypertensive medications at the patient, clinician, and
health system levels. This scientific statement was proposed by the Professional/Public Education and Publications Committee of the American Heart Association
Council on Hypertension and approved by the Manuscript
Oversight Committee, which is made up of the American
Heart Association scientific council chairs. The American
Heart Association Science Advisory Coordinating Committee had final approval of this document.

DEFINITIONS AND EPIDEMIOLOGY
Patient adherence to drug treatment has been classified into 3 major phases by systematic review and expert
consensus surveys: (1) initiation, or failure to begin treatment; (2) implementation, or incomplete dosing (ie, not
regularly taking prescribed doses of prescriptions); and
(3) persistence, or continuation of treatment.11,12
It has been reported that 12% of patients with hypertension never fill initial prescriptions.13 Estimates of the
proportion of people with uncontrolled hypertension who
are not persistent with treatment vary greatly. In studies
that rely on insurance claims and managed care databases, the reported nonpersistence rates in the first year
after starting treatment range from 30% to 80%.14–21 This
variability may be a function of patient demographics (eg,
age is generally positively correlated with persistence),
health plan characteristics (eg, persistence is typically
higher in settings with more generous health benefits),
or methods of calculating the persistence measure (eg,
allowing longer grace periods before classifying a patient
as nonpersistent results in higher levels of persistence).
In studies that include all treated people with hypertension, not only patients who have recently initiated treatment,
pharmacy refill data indicate higher levels of adherence
and persistence, ranging from 75% to 90%.19,20,22–25 Both
the initial filling of prescriptions and long-term adherence and persistence with treatment are likely to take on
increased importance as the threshold and goals of treatment evolve to increasingly lower BP targets.26
Hypertension. 2022;79:e1–e14. DOI: 10.1161/HYP.0000000000000203
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Table 1. Methods to Assess Adherence
Advantages

Disadvantages

Clinical applicability

Easy to obtain

Inaccurate; may overestimate compared with electronic pillbox

Yes

Multidomain detailed
questionnaire

Inexpensive; validated against pharmacy data

May overestimate adherence compared with objective
measurement tools but is superior to unstructured
self-report

Yes

Electronic drug monitors

Accurate in capturing both timing and frequency of cap opening; can be linked to automated, context-specific adherence reminders

Cost not covered by insurance; may not truly reflect
adherence if patients do not swallow the pills after
cap opening; individual pill bottles may be challenging
to use for patients on multiple medications

No

Digital sensor

Accurate in capturing timing and frequency of
pill swallowing

Requires patients to wear and replace external patch
daily; smartphone with software app of the system is
also required

No

Direct observation

Easy to obtain for patients in clinical settings

Electronic observation methods are not universally
available

Yes, in some facilities

Pharmacy fill

Easy to obtain and inexpensive; if linked to
prescribing data, can be used to identify
noninitiation

Inaccurate if prescription data are not captured from
all potential sources or patients do not take the dispensed medications

Yes

Biochemical detection of
drug levels

Relatively easy to obtain; highly sensitive

White coat adherence (taking the pills only when
tested) may occur if patients are aware of the tests

Yes

App indicates application.

METHOD OF ADHERENCE
MEASUREMENT
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Adherence can be monitored by several methods such
as unstructured self-report (or report by a proxy), detailed
questionnaires, pill counts, prescription fill rate, electronic pillboxes, digital sensors, direct observation, and
drug levels. We summarize these approaches, along with
their advantages and disadvantages, in Table 1. A recent
expert survey suggested that different adherence measures may be more or less appropriate, depending on the
particular adherence behavior being measured.11
Patient’s self-reported adherence is generally considered inaccurate because patients tend to overestimate their adherence to antihypertensive medications.27
Numerous detailed adherence questionnaires such as
the Adherence to Refills and Medications Scale have
been developed and have been shown to be more reliable than unstructured self-reported adherence when
validated against pharmacy refill data but not with all
other methods of adherence assessment.28,29
Direct observation is the most accurate method of
determining adherence but is generally not feasible in
typical practice. Digital sensors are a promising emerging technology in monitoring and promoting adherence
by using pills equipped with biodegradable sensors.
Although these sensors are approved by the US Food
and Drug Administration for drug treatment of psychiatric
disorders (eg, Abilify), they are not yet approved or available for antihypertensive drug treatment or monitoring.
Electronic drug monitoring devices such as the Medical Event Monitoring System or electronic pillboxes are
considered to be highly accurate in assessing adherence

to the prescribed dosing schedule by capturing both timing and frequency of medication use by tracking bottle
cap openings.30 These devices have notable limitations
as well: They may serve as reminders themselves (either
because of embedded technology or because of their
mere presence) and thus may overestimate true adherence in their absence; in addition, the technology is still
largely limited to research settings because of the high
costs.31,32 Individual electronic pill bottles may be challenging to implement for patients on multiple medications
and for medications that require special packaging such
as blister packaging or transdermal delivery.33 Electronic
malfunction can occur in 5% to 20% of the devices.33,34
Furthermore, patients may not actually take the medications after opening the bottles.32,35 Patients may also
remove multiple doses at once for later administration or
to fill a pillbox (eg, pocket dosing).36–38
Despite its time-consuming nature, pill counting is
often used in research settings. However, it has been
shown to be only 50% to 70% as accurate as electronic
pill bottles and only 68% as accurate as measurement
of drug levels.39 This technique also does not provide
an accurate assessment of day-to-day medication
adherence.
Pharmacy refill data, either from insurance claims or
directly from pharmacies, are another popular indicator
of medication adherence. The retail filling data of many
pharmacies in the United States are now available to
clinicians through their electronic health record by several networks such as Surescripts that capture the fills
that are paid for by both cash and insurance. However,
not all health systems have access to these data. Nevertheless, pharmacy refill databases may be the most
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practical way of studying the behavior of large groups
of patients over time. Prescribing data from electronic
health records, which indicate prescriptions written but
not necessarily filled, also have been used to measure
medication adherence.40 What defines a patient as fully
adherent with prescribing- and filling-based adherence
measures is a matter of some debate, although a threshold of 80% is widely used because it corresponds to the
minimum level of adherence associated with reductions
in clinically meaningful outcomes for post–myocardial
infarction patients41 and is the level used by health plans
for quality improvement purposes.42
More recently, an increasing number of studies have
indicated that biochemical measurement of drug levels
in serum or urine samples with highly sensitive highperformance liquid chromatography–tandem mass
spectrometry technique is highly reliable in detecting
medication nonadherence in hypertension.28,36–38,43,44
Although the biochemical assessment of adherence
was previously thought to be impractical, testing for both
urine and serum antihypertensive drug levels is widely
available for clinical use and is covered by most health
insurance plans.28,44 Nondetectable drug levels are a
strong marker of nonadherence, but drug levels could be
inconclusive in cases of partial adherence. Unfortunately,
current methods of biochemical assessment do not provide assessment of adherence to the therapeutic level of
antihypertensive medications.45

Downloaded from http://ahajournals.org by on January 20, 2022

RISK FACTORS AND PREDICTORS OF
MEDICATION ADHERENCE
Decades of evidence indicates that adherence is multifactorial. The 2003 World Health Organization report
“Adherence to Long-Term Therapy: Evidence for Action”
identified 5 dimensions or categories of barriers to medication adherence.5 Although additional information on
risk factors has accumulated since that report, the framework remains useful clinically. An adapted version of the
framework is presented to inform systematic efforts to
identify and address barriers to adherence at the patient
and population levels (Table 2).47
Several socioeconomic status, demographic, and
environmental factors are associated with suboptimal adherence, although not all of these factors such
as age, income, race and ethnicity, and health literacy,
including digital literacy, have consistently been linked to
adherence.48–53 In the quest for a more reliable prediction of nonadherence, various combinations of clinical,
socioeconomic, and demographic predictors have been
considered. Nevertheless, composite scoring generated
from multiple predictive factors, although statistically significant, does not necessarily lead to accurate prediction
for individual patients, even in the studies from which the
predictive model was developed.36
e4   January 2022
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The therapeutic alliance between the patient and clinician, the communication style of the clinician, and the
degree of patient-centeredness in treatment decisions
have all been shown to affect adherence.48–51,54,55 Trust
is a key factor in interpersonal communication. Patients
who participated in decisions on what medications are
prescribed have been shown to be more adherent than
patients who are not engaged in the decision process.56
Team-based care, including effective patient-centered
medical homes, is associated with better adherence
and risk factor control compared with treatment settings
without team-based approaches.17,57
Access to and cost of medications are clearly important for adherence.48–51,58 Uninsured adults did not share
the large improvement in hypertension control that
occurred among privately and publicly insured adults
between 1988 and 2010.4 The increase in BP control among publicly insured adults was larger than the
increase in treatment alone, which may suggest better
adherence.4 A similar pattern was observed with treatment and control of cholesterol levels and supports
the notion that health insurance access may mitigate
several social barriers to better health outcomes and
has a greater role in heath disparities than previously
estimated.59
Complex medication regimens, including polypharmacy and multiple doses daily, are well documented
to reduce adherence.48,50,51 A shorter time to control,
which is documented to reduce cardiovascular events,
and fewer therapeutic adjustments and prescribing
medications with fewer adverse effects all foster higher
adherence.48,50,51
Adults with hypertension often have multiple chronic
conditions, including depression, posttraumatic stress
disorder, and other behavioral health disorders such
as drug and alcohol misuse, all of which can adversely
affect adherence to medications and healthy lifestyles.25,60 In addition, alterations of memory in elderly
patients can result in missed doses and overdosing, in
which drug ingestion is greater than prescribed, which
may induce drug toxicity.61 Major disabilities and low
quality of life can also impair medication adherence,
especially when the medications do not immediately
attenuate the disability or enhance quality of life.62
Comorbid chronic ailments such as those of the urinary
or gastrointestinal tract can also make it difficult for
patients to adhere to their prescribed therapies.63 It is
also noteworthy to note that severe chronic symptomatology can adversely affect adherence, as can chronic
asymptomatic disease.64
Among patient-controlled factors, failure to accept
the diagnosis is a major barrier to adherence. If patients
perceive that prescription medications are ineffective
in controlling hypertension or are likely to have major
adverse effects, then adherence has been shown to
be negatively affected.65 The term hypertension itself
Hypertension. 2022;79:e1–e14. DOI: 10.1161/HYP.0000000000000203
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Table 2. Factors Associated With Nonadherence

Continued

Limited English proficiency

Feeling stigmatized by disease
Frustration with health care professionals
Psychosocial stress, anxiety, or anger

Low health literacy

Alcohol or substance abuse

Lack of family or social support network (no spouse
or partner)

Condition-related
dimension

Unstable living conditions or homelessness

Lack of symptoms

Limited access to health care facilities

Severity of symptoms

Lack of health care insurance
Inability to access or difficulty in accessing pharmacy
Financial insecurity
Therapy-related
dimension

Complexity of medication regimen (number of doses
and concurrent medications)
Duration of therapy
Frequent changes in medication regimen
Lack of immediate therapeutic benefit
Medications with associated social stigma
Actual or perceived unpleasant side effects
Treatment interferes with lifestyle or requires significant
behavioral change

Health care
system/team
dimension

Clinician-patient relationship

Clinician communication skills
Disparity between health beliefs of patient and clinician
Lack of positive reinforcement from clinician
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Limited health system capacity for patient education
and follow-up
Lack of clinician knowledge about adherence and
interventions for improving it
Patient information materials written at too high a
literacy level
Changes or restrictions affecting formulary
High drug costs or copayments
Long wait times
Lack of continuity of care
Patient-related
dimension

Chronic conditions

Visual impairment
Hearing impairment
Cognitive impairment
Impaired mobility and dexterity
Swallowing problems
Psychological and behavioral factors
Perceived risk of susceptibility to disease
Understanding the reason why medication is needed
Expectations and attitudes toward treatment
Beliefs about illness
Perceived benefit of treatment
Confidence in ability to follow treatment regimen
Motivation
Fear of possible adverse effects
Fear of dependence
(Continued )

Adapted with permission from the American College of Preventive Medicine.46
Also adapted from Ferdinand et al47 with permission from Elsevier. Copyright ©
2017 American College of Cardiology Foundation.

has been correlated with increased stress and can
negatively affect adherence to proven BP-lowering
medications.66 Low self-efficacy, or lack of confidence in one’s ability to self-manage a condition or
disease effectively, is also a common barrier to adherence.48–51,67 A lack of understanding of the benefits of
treatment, how medications lower BP, and how they
need to be taken is also related to nonadherence. Historical mistrust of the medical system may also reduce
medication adherence.68 In addition, patients who use
alternatives to traditional or Western medicine are less
likely to adhere to prescription medications.69,70 An
important consideration is that Black adults appear to
have a greater use of alternative therapies than White
adults, which may be a factor underlying racial differences in adherence.71

INTERVENTIONS TO IMPROVE
ADHERENCE
A large number of trials designed to reduce nonadherence to antihypertensive medications have been conducted, with multiple systematic reviews published on
this topic.72,73 In a 2014 Cochrane database review of
interventions to enhance medication adherence in general that included 182 randomized trials, Nieuwlaat and
colleagues72 concluded that “current methods of improving medication adherence for chronic health problems
are mostly complex and not very effective.”
For this scientific statement, our goal was to identify those medication adherence interventions with the
greatest strength of evidence. To identify interventions,
we conducted a PubMed search from January 1, 2000,
to November 1, 2020, to identify systematic reviews of
medication adherence interventions.47,65,72–83 We complemented our search by including important studies that
had been published after the search date of the most
recent systematic reviews.84–96 We incorporated data
from robust observational studies when no randomized
controlled trial data were available on promising intervention approaches.97–103 We included interventions that
addressed adherence to medications for chronic diseases
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because such approaches were viewed as being likely to
apply to antihypertensive medications.104–107
We summarize effective medication adherence interventions in Table 3. We categorized interventions into 4
broad categories that represent the key active ingredient of the interventions. We provide descriptions of types
of interventions within these categories, highlight the
strength of evidence for these interventions, and provide examples of studies that demonstrate the benefit
of the interventions, particularly if conducted in patients
with hypertension. It is important to recall that medication
adherence comprises multiple distinct health behaviors
(eg, initiating a medication, implementing the medication
regimen on a day-to-day basis) amenable to different
types of adherence measurement.11,111 Accordingly, we
specify the adherence measurement approach used in
our description of these studies.
Given the multitude of reasons for nonadherence
and the heterogeneity of reasons underlying nonadherence in individual patients, it is not surprising that the
most potent interventions have been intensive, multicomponent interventions that address multiple barriers
concurrently.72 For example, one of the more robust interventions combined clinical pharmacist management with
the provision of medications in blister packs for older
adults with cardiovascular disease risk factors.108 This
intervention improved not only antihypertensive medication adherence but also BP control. Similarly, Xavier
and colleagues112 randomized patients being discharged
from hospital after acute coronary syndrome in India to
usual care or a community health worker–based intervention that used unstructured discussions, visual methods, and patient diaries to educate patients on healthy
lifestyle and drugs, as well as measures to enhance
adherence. They found adherence to evidence-based
drugs and healthy lifestyles, as well as improvements
in BP, weight, and cholesterol. However, concerns have
been raised about the cost-effectiveness and scalability
of these more intensive, complex interventions.
There are also examples of simple interventions that
patients and clinicians can incorporate into the management of hypertension. Patients can integrate reminder
systems into their manner of taking medications.
Although a trial of simple reminder pill bottles did not
show an improvement in adherence,87 using electronic
pill devices that trigger text message reminders in conjunction with missed doses shows promise for improving adherence.89 Several studies have evaluated polypills
containing antihypertensives and other drugs. For example, Thom et al110 randomized patients with or at risk
of coronary disease to usual care or to 1 of 2 different
polypills containing 2 antihypertensives. They found that
polypill-treated patients were significantly more likely to
report taking their BP medications and had small but significant improvements in BP and low-density lipoprotein
cholesterol.110 However, these studies have generally
e6   January 2022
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compared this strategy with usual care in which patients
may not have received the component drugs, and thus
the benefit of polypills for specifically improving adherence, in contrast with their being used as a population
risk reduction strategy, remains to be determined.
Financial incentives, which have modest effects on
medication adherence, are well suited to broad implementation. For example, several studies have shown that
reducing or eliminating copays for antihypertensive medications has modest benefit in terms of improved medication refill adherence.93,96 Although the effect of such
an intervention may be small for an individual patient,
when multiplied across a health system, the potential for
population-level impact is substantial. Providing incentives for clinicians to improve medication adherence and
disease control has been subject to only limited study.
Asch et al113 randomized patients with elevated cholesterol to a patient incentive, a physician incentive, or a
shared incentive and found that only the shared incentive
improved low-density lipoprotein cholesterol and adherence to a greater extent than control.
Some adherence interventions may not be particularly
effective at reducing nonadherence but may be recommended because they have collateral benefits that lead
to improved BP control. Notably, a systematic review
demonstrated that encouraging self-monitoring of BP, a
method that provides patients with direct feedback on
the outcome of their medication-taking behavior, may
have a modest impact on improved medication adherence.80 Self-monitoring of BP, if done with support,
also has the potential to reduce clinical inertia and has
been shown to improve BP.114 Similarly, giving clinicians
objective feedback on their patient’s level of adherence,
although having indeterminate effects on medication
adherence, may be useful for reducing clinical inertia
with respect to uptitrating medications and hence might
be an important strategy that clinicians and health systems can recommend.115 In particular, therapeutic drug
monitoring, in which levels of antihypertensive medication are assessed in urine or blood in advance of clinical
visits, is a promising approach for improving medication
adherence in patients with resistant hypertension.28,44
In Table 4, we highlight evidence-based interventions
that key stakeholders (ie, patients and their partners, clinicians, pharmacies, health systems, and policymakers)
can implement to optimize antihypertensive medication
adherence. We organize these interventions according
to the perspective of the stakeholder who would be
responsible for implementing the intervention. For example, patients or their family members can address nonadherence by using special medication packaging that
organizes pills (blister packaging) and reminds patients
(smart pill bottles) to take their antihypertensive pills
daily. Clinicians can incorporate motivational interviewing or other evidence-based counseling strategies into
their practice when discussing medication adherence
Hypertension. 2022;79:e1–e14. DOI: 10.1161/HYP.0000000000000203
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Table 3. Interventions That Have Been Evaluated for Improving Medication Adherence

Patient
education and
counseling

Description

Evidence synthesis

Example study

Providing patients
with information
about their medical conditions
and treatments or
delivering counseling to increase
motivation or
self-management
skills.

Patient education:

Nieuwkerk et al104 evaluated in-person nurse practitioner–led cardiovascular risk factor counseling sessions delivered at months 3, 9, and
18 after statin initiation. They found that the educational intervention
led to significantly increased self-reported adherence to statins and
larger reductions in LDL cholesterol (between-group difference in
change from baseline, −13 mg/dL) than usual care.

 Many studies have evaluated educational interventions
alone or combined with other approaches, including among
patients with hypertension.
 The most effective educational interventions appear to be
those that are individualized, repeated, and delivered at the
time of new diagnoses.74
 In a systematic review of hypertension adherence interventions, Gwadry-Sridhar and colleagues65 found that 12 of 25
(40.8%) education-based strategies improved adherence to
BP medications.
Pharmacist consultation:
 Numerous studies have tested pharmacist-led counseling interventions either alone or in combination with other adherence
interventions such as home BP monitoring or blister packaging.
 The specific interventions provided by the pharmacists have
been quite variable (eg, medication adjustment based on
home measurements, education on BP goals) and in some
cases have also included behavioral counseling methods
such as motivational interviewing.
 Several but not all of these studies have demonstrated
improvements in clinical outcomes.
Behavioral counseling:
 Numerous studies have evaluated techniques such as
motivational interviewing alone or in combination with other
interventions.
 The most effective interventions have been delivered by
trained counselors and involved multiple sessions.72,74
 Motivational interviewing, as a specific technique, has been
associated with a small increase in medication adherence.75
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Medication
regimen management

Simplifying treatment regimens
by consolidating
doses, using
fixed-dose
combinations or
extended-release
formulations, or
synchronizing
pharmacy pickups

Dose consolidation, fixed-dose combinations, and polypills:
 Numerous studies measuring adherence with electronic
monitors have shown a consistent inverse relationship
between the number of daily doses of a single type and drug
and adherence.76
 Nine cohort studies have compared fixed-dose combinations with the individual component drugs for patients
with hypertension and found consistent improvements in
adherence with fixed-dose combinations.97 Nonstatistically
significant drops in BP have been reported.44 No large-scale
high-quality randomized trials have compared the effect of
fixed-dose combinations of antihypertensive medications and
free-equivalent combinations on medication adherence.
 Several randomized studies have compared polypill medications made up of combinations of antihypertensive and other
cardiovascular medications (eg, aspirin, statins) with the
same medications individually and found improvements in
adherence.109 Several studies have also compared the provision of polypills with usual care and found improvements
in cardiovascular risk.85,86,110 These studies, however, cannot distinguish whether benefits were the result of greater
adherence to or increased prescribing of recommended
cardiovascular medications (ie, reduced clinical inertia).
Medication refill synchronization:
 Several observational studies have evaluated medication
synchronization programs in which patients pick up all of
their medications at a single visit.100
 Compared with usual practice in which patients may make
multiple separate visits to fill these medications, medication
synchronization significantly improves refill adherence.101,102

Lee et al108 randomized elderly patients prescribed ≥4 medications
to resumption of usual care or continuation of pharmacist-delivered
individualized patient education (initial session 1 h, subsequent
sessions 30 min every 2 mo) and blister packaging. The proportion
of pills taken as determined by pill count was significantly greater
in the intervention vs control group patients (96% vs 69% across
2 mo; P<0.001). There was also a significantly greater reduction
in systolic BP among patients receiving the intervention (betweengroup difference, −6.9 mm Hg; P=0.04). Of note, it was not possible
to disentangle whether pharmacist counseling or special packaging
contributed to the success of this intervention.
Choudhry et al84 randomized patients with poorly controlled hyperlipidemia, diabetes, and hypertension to usual care or a pharmacistdelivered brief negotiated interviewing intervention (a behavioral
interviewing technique related to motivational interviewing) on the
basis of which patients may also have been provided with other supportive measures such as text messaging and pillboxes. In intentionto-treat analyses, the intervention significantly increased adherence
as assessed by pharmacy claims (between-group difference, 4.7%).
The intervention also significantly reduced LDL cholesterol and emergency room visits, although it did not affect overall disease control or
BP. Treatment effects were larger in as-treated analyses evaluating
only those patients who received behavioral counseling.
Hsu et al98 conducted a large retrospective cohort analysis and
found that patients starting fixed-dose combinations of angiotensin
receptor blockers and thiazides were significantly more adherent
after starting therapy compared with patients using the individual
components of these medications as assessed with insurance claims
data (between-group difference, 6% at 1 y and 10% at 2 y after
treatment initiation).
Gerbino and Shoheiber99 conducted a retrospective analysis
(N=6206) comparing refill adherence in patients initiated on
amlodipine+benazepril fixed-dose combination vs dihydropyridine
CCB+ACE inhibitor as separate medications. The 1-y medication
possession ratio for the fixed-dose combination was 88% vs 69%
for free separate medications (P<0.001). Data were not adjusted for
demographics or comorbidities.

Krumme et al103 conducted a retrospective cohort study of patients
filling cardiovascular medication at retail pharmacies offering medication synchronization and found that this intervention significantly
improved refill adherence (proportion of days covered) as assessed
with insurance claims data (between-group difference, 3%), and
significantly reduced rates of hospitalization/emergency department
visits and outpatient visits by 9% and 3%, respectively.

 The programs appear most effective in those with lower
baseline rates of adherence with an improvement of ≈10%
over the improvement noted in control subjects.

(Continued )
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Continued

Intervention
strategy
Reminders,
monitoring,
and feedback

Description

Evidence synthesis

Example study

Techniques
intended to
remind patients
to take or fill
their medications
or to provide
feedback about
their patterns of
adherence or BP
control

Telephone or mail refill reminders:

Derose et al105 randomized patients newly prescribed a statin to
usual care or automated phone calls with a follow-up letter if needed
and found that patients receiving pickup reminders were significantly
more likely to initiate their prescribed medication (42% vs 26%;
P<0.001) as assessed from pharmacy dispensation records. The
differences in statin dispensing persisted up to 1 y after treatment
initiation.

 Numerous studies have evaluated reminders, sometimes
combined with education and other forms of support.
 These studies have had mixed effects when reminders were
used as standalone interventions.
 Refill reminders appear most effective when targeted at
nonadherent patients.
Text messaging reminders:
 A recently published meta-analysis of 16 randomized trials of
patients with a broad range of clinical conditions, including 1
study in patients with uncontrolled hypertension, found that
text messages resulted in a moderately large improvement in
medication adherence.
 Adherence was generally assessed by self-report.77

Bobrow et al88 randomized patients on treatment for hypertension
to 1 of 2 texting strategies or usual care and found that BP at 12
mo was significantly lower in patients receiving informational text
messages (between-group difference, 2 mm Hg) but not in those
receiving interactive text messages. Medication adherence was significantly higher than usual care for both texting arms (between-group
difference, 5%).

 The text message content was primarily medication reminders, but some studies also included educational informational or nonmedical content to improve engagement.
Electronic monitoring and feedback:
 Numerous randomized studies have evaluated the impact of
electronic drug monitors and have demonstrated mixed effects.
 According to a recent systematic review, “Devices that
are integrated into the care delivery system and that are
designed to record dosing events are most frequently associated with improved adherence.”78
 In addition, electronic drug monitors appear effective when
combined with reminder messages for patients who have
missed doses.

Reese et al89 randomized kidney transplant recipients to wireless pill bottle adherence monitoring with customized reminders
(including alarms, texts, telephone calls, or emails) plus clinician
notification, wireless pill bottle monitoring with customized reminders, or wireless pill bottle use alone (control arm). Patients in both
intervention arms had significantly higher adherence than control
subjects (88% for customized reminders plus clinician notifications
vs 78% for customized reminders vs 55% for control) as assessed
by the electronic drug monitors over a 90-d period beginning 90 d
after transplantation.

 In contrast, lower-cost, nonelectronic reminder devices
(eg, bottle caps with digital times, toggle strips to indicate
when medications have been taken, and standard pillboxes)
appear not to be effective as standalone interventions.87
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Smartphone apps:
 ore than a dozen randomized trials have evaluated various
M
smartphone applications that can provide reminders, education, linkage to peer support, and motivational messages for
improving adherence.
 Although many of these studies have found statistically significant improvements in adherence and some have demonstrated
improvements in clinical outcomes, the quality of the underlying
data is highly variable; thus, it is not possible to draw robust
conclusions about the effectiveness of these interventions.79
SMBP:
 Numerous trials have evaluated the impact of SMBP on
medication adherence and found small but significant
improvements in medication adherence and improved BP
control, primarily in studies that incorporated electronic
adherence measurement.80
 In a systematic review, SMBP interventions that resulted in
improved medication adherence were not associated with
better BP control.

Incentives

Reducing or
eliminating out-ofpocket costs for
patients or providing financial incentives for patients
or clinicians for
achieving chronic
disease management goals.
Incentives can be
delivered through
lotteries.

Patient out-of-pocket costs and financial incentives:
 Eliminating or reducing copays has consistently been shown to
result in small improvements in adherence to medications.73
 Notably, such interventions have the potential to reduce disparities in adherence and clinical outcomes among patients
with lower incomes and patients from underrepresented
populations.107
 These improvements in adherence, however, have not been
clearly associated with improved clinical outcomes.

Morawski et al94 randomized patients with poorly controlled hypertension to usual care or a smartphone app that provided reminder alerts,
adherence reports, and optional peer support and found that patients
receiving the intervention had improved self-reported adherence
12 wk after randomization (between-group difference, 0.4 on the
Morisky Medication Adherence Scale), but the intervention did not
affect BP control

Márquez-Contreras and colleagues95 randomized patients to receipt of
home BP devices plus electronic pill bottles that tracked adherence vs
electronic pill bottles alone. Patients in the SMBP group had higher electronic adherence than control (89% vs 84% d monitored; P<0.001).
Hosseininasab and colleagues96 randomized patients with hypertension to usual care or a wrist self-monitoring device and found that
patients randomized to SMBP had significantly higher medication
adherence assessed by pill counts (between-group difference,
1%–2%, depending on time point assessed), although adherence
rates in both treatment groups were extremely high (>95%) and
there was no between-group difference in BP.
Choudhry et al106 randomized patients discharged from hospital
after acute coronary syndrome to usual insurance coverage or no
out-of-pocket costs for secondary prevention medications and found
improvements in adherence as assessed by pharmacy claims data
a mean of ≈1 y after initial hospital discharge (between-group difference, 4%–6%) and significant reductions in rates of first major
vascular events (between-group difference, 1.8%), although the
intervention did not significantly reduce the primary clinical outcome
(a composite outcome of first major adverse coronary events or
revascularization).

 In contrast, providing financial incentives for adherence through
lotteries or other approaches has not consistently been shown
to improve medication adherence when used alone or when
combined with other adherence interventions.90,91

ACE indicates angiotensin-converting enzyme; app, application; BP, blood pressure; CCB, calcium channel blocker; LDL, low-density lipoprotein; and SMBP, self-monitoring of
blood pressure.
*If no high-quality hypertension studies could be identified, example studies were drawn from interventions of other medication classes
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Table 4.

Medication Adherence and Blood Pressure Control

Strategies for Improving Antihypertensive Medication Adherence Categorized by Key Stakeholder

Clinician network

Pharmacy

Patient education

Intervention strategy

Patient

X

X

X

Pharmacist consultation

X

X

X

Motivational interviewing

X

X

X

Dose consolidation

X

Refill reminders
Text message reminders

X

X

Electronic monitoring and feedback

X

X

Medication refill synchronization
SMBP

X

X

X

X

X
X

X

Patient financial incentives

Health insurer

X

X

X

X

X

SMBP indicates self-monitoring of blood pressure.
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with their patients. They can also incorporate electronic
monitoring and self-monitoring of BP into their practice. Pharmacies can partner with clinicians to assist
with regimen simplification or provide educational and
behavioral counseling. Pharmacists can also encourage initiation of and persistence with medication fills
by providing patients with reminders and synchronizing
medication refill dates. Policymakers can eliminate or
reduce copays for antihypertensive medications or can
promote reimbursement models that make it financially
sustainable to deliver complex adherence interventions.
These approaches may be cost-effective from a health
system perspective.

CONCLUSIONS
To achieve maximum impact on population health, antihypertensive pharmacotherapy must be initiated in large
numbers of people who then need to keep taking their
medications, often for the rest of their lives. It is encouraging that so many patients treated for hypertension
do so and have controlled their hypertension. However,
improvement is needed if we are to achieve the full population health benefits of BP control. Clinicians, especially
those who focus their practice on hypertension, often
encounter patients who seemingly have uncontrolled
resistant hypertension despite being prescribed multiple
antihypertensives. Many such patients have significant
issues with adherence that are not identified until drug
level testing or other thorough evaluations of adherence.
This review outlines interventions at the patient, clinician, pharmacy, and health system levels that have been
shown to have at least some benefit in improving adherence in these patients. In addition to a wider dissemination of current evidence-based strategies, a broader set
of effective interventions is clearly still needed.
To further improve adherence and adherence research,
we must fully appreciate some of the often-noted

limits on the very construct of adherence. A concept
that focuses primarily on whether the patient does
what they are advised to do by a health professional is
incomplete.116 Clinician and patient behaviors relevant to
adherence must be viewed within the broader context of
society and the health care system. Contributors such as
the nature and structure of our health insurance system,
cost, access, and literacy, among many others, are all relevant to medication taking. Furthermore, the contribution
of these factors may differ according to where individuals
are in the course in treatment. For example, issues with
initiation, implementation, and persistence with treatment
over the first year may differ from those associated with
long-term maintenance.
We must also recognize the limits of targeting all BP
control efforts at patient nonadherence. For example, we
cannot assume that if one health care professional prescribes an antihypertensive, another will be enthusiastic about continuing it. As a result, what we measure as
nonpersistence may in some cases reflect the decision
by a new health care professional to discontinue medications or to not restart them after a lapse. Differences in
clinician behavior may be an important factor in hypertension control. In the past, clinician perceptions of the
BP level required for treatment were highly variable and
often different from published guidelines.117 These differences in clinician treatment thresholds may be even
more important in the future. Organizations such as
American College of Physicians, American Academy of
Family Physicians, and European guidelines have higher
thresholds for drug treatment than the American Heart
Association.118 Both patients and clinicians may decide
against drug treatment, in some cases out of confusion,
because some guidelines classify more people as hypertensive yet have categories of people with hypertension
who do not require drug treatment.
Although past efforts aimed at improving adherence may have been disappointing, there is reason for
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optimism.20 Recent interventions that target individuals
who are documented to be nonadherent seem to be
effective.119 It is likely that evidence on effective adherence interventions has been obscured by study designs
that enrolled patients exclusively on the basis of elevated
BP, including those on a suboptimal regimen. Accurately
determining baseline adherence with established and
evolving measurement techniques will likely be valuable
in research and practice. Tailoring the intervention to the
barrier is also likely to be critical to successful adherence
interventions. Other recent studies that appreciate the
broad social factors underlying nonadherence and the
dynamic nature of adherence in their interventions also
bode well for the discovery of successful antihypertensive adherence interventions.
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