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INTRODUCTION
Older adults are the largest consumers of medication in the United States (US), largely due
to an age-associated increase in chronic conditions.1 Because of this, multiple medication
use (i.e., polypharmacy) is a common consequence of providing health care to older adults.2

Polypharmacy is of particular concern to older adults because they may have unique barriers
and challenges to managing multi-drug regimens, including cognitive impairment,
functional limitations, financial restraints, use of multiple health care providers, or
transportation limitations, to name a few.2,3 In addition, one of the most significant potential
consequences of polypharmacy could be its impact on medication adherence in the older
adult.

Medication adherence can be defined as “the extent to which a person’s behavior (in this
case, taking medication) corresponds with agreed recommendations from a health care
provider.”4 Widely varying rates of nonadherence have been previously reported depending
on the definition of nonadherence, the population studied, and the length of observation; yet,
multiple reviews on medication adherence report that approximately 50% of older adults do
not adhere to at least one of their chronic medications.4,5 Moreover, it is important to
identify the specific type of nonadherence within the medication use process –
nonfulfillment (or primary nonadherence), nonpersistence, or nonconforming.6 Primary
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nonadherence occurs when the provider prescribes a medication, but it is never filled by the
patient. Nonpersistence is when the patient decides to stop taking a medication after starting
it, without being advised by a health professional to do so. Furthermore, so-called
‘nonconforming’ nonadherence includes a variety of ways in which medications are not
taken as prescribed (e.g., taking incorrect doses, skipping doses, or taking doses at incorrect
times).3

Thus, it is clear that taking medication is a complex behavior that requires multiple
successful steps on the part of patients (i.e., to fill, initiate, continue, and take the
prescription as intended). Prescribers play important roles in the process as well, since they
are ultimately responsible for prescribing the most appropriate medication and, along with
other health care professionals, monitoring their use. Taken together, polypharmacy and
medication adherence present a unique challenge for the older adult, their caregiver(s), and
the healthcare team. In this review, we first discuss the various ways in which medication
adherence is measured, and then we present a conceptual model illustrating the complex
interplay between polypharmacy and medication (non)adherence in older adults, summarize
key literature on the topic, highlight strategies for improvement, and conclude by describing
areas of uncertainty and priorities for future research.

MEASUREMENT
One of the greatest challenges in the field of adherence research is the accurate measurement
of this complex health behavior. Various methods have been described, including using self-
reported surveys, pill counts, drug levels, physiologic measures (e.g., heart rate with β-
blockers), pharmaceutical claims, electronic medication monitoring, and physician ordering
in electronic health records. Each method has inherent limitations, and various iterations of
each method have been used in previous studies, leading to substantial heterogeneity in the
current evidence base.

It is commonly accepted that there is no ‘gold standard’ for measuring medication
adherence. However, because medication adherence is a complex health behavior, it may be
more prudent to focus on which specific aspects of medication adherence each measure is
actually capturing. For example, pharmaceutical claims have been used frequently in recent
years to study medication adherence across multiple conditions using large insurance-based
data sources by evaluating medication refill patterns.7 This approach typically reports a
proportion of days covered (PDC), a medication possession ratio (MPR), or a cumulative
medication gap (CMG). That is, claims-based adherence studies are simply reporting on the
rate of medication possession among patients and not the actual medication-taking itself.
Moreover, these methods rely on at least two medication refills to be calculated, thus
missing altogether the patient exhibiting primary nonadherence or nonpersistence after one
refill.8 Of note, electronic health records that track physician ordering and patient refilling of
chronic medications also offer an opportunity to capture these important and often
undocumented cases of primary nonadherence or nonpersistence.

Self-report is another common method used to measure medication adherence in older
adults. Several self-reported measures have been published (Figure 1), including the
Morisky Medication Adherence Scales (MMAS; a 4-item and a newer 8-item measure),
various cost-related measures, and the Adherence Estimator.9–12 The Adherence Estimator
is a new 3-item measure that can be used to predict medication adherence in patients newly
initiated on a chronic medication.11 Self-reported measures offer the convenience of low
respondent burden and minimal cost, however, there is the potential for social desirability
bias (i.e., patients may report what they think the clinician wants to hear and not their true
medication-taking behavior). If prefaced appropriately in a non-accusatory manner, self-
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reported measures can help understand the reasons for nonadherence, which may better
identify areas for immediate intervention compared to impersonal measures such as
pharmacy claims.

Finally, pill counts or electronic medication monitoring (e.g., medication event monitoring
system [MEMS]) are common approaches used in clinical trials to provide objective and
quantitative measures of medication adherence. MEMS devices are limited by their high
cost, restricting their widespread use. Moreover, pill counts provide an estimate of
medication adherence based on the number of pills in the vial (usually for a single
medication) but do not ensure that the patient actually took the medication (e.g., in the case
of a patient ‘pill dumping’ prior to an appointment).

When comparing the psychometric properties across the various methods for measurement
of adherence, large amounts of heterogeneity are present in the literature. Grymonpre et al
compared medication adherence calculated using pill count, self-report, and pharmacy
claims data in a sample of community-dwelling older adults (≥65 years) and found that the
pill count method underestimated medication adherence.13 A recent meta-analysis
examining the correlation between MEMS and self-reported questionnaires reported that
these two measurements tend to be at least moderately correlated.14 However, others have
described the limitations of self-reported measures of medication adherence and called for
attention to improving the development of such measures in future research.15 While
recognizing the inherent limitations for each method, the most robust approach may be to
use multiple measurements in order to capture a broader range of adherence information in
older adults.

Each of the methods described above is commonly used in adherence research, but simple
measures of adherence for use in the clinical setting are difficult to come by. Some clinical
practices (as well as insurers and pharmacy benefit managers) have begun to provide claims-
based measures of adherence to the clinician in an effort to identify non-adherent patients at
the time of the visit. Others may be employing some of the self-reported measures in their
clinic, although we are not aware of many examples of this approach currently in the
literature. At the very least, all providers should be asking patients simple questions about
any problems they may be having with their medications at each clinic visit.

CONCEPTUAL FRAMEWORK OF BARRIERS TO MEDICATION ADHERENCE
Extensive literature has been published on barriers to medication adherence in older
adults.3,5,6,16 In turn, various conceptual models have been proposed to illustrate the
complex relationship in older adults between patient, health-system, and provider factors
and medication adherence.3,17,18 Yet, there is an apparent mismatch between these
conceptual frameworks and the existing body of literature; for example, limited evidence is
available assessing how the different barriers interact. Of importance to this review,
polypharmacy is frequently studied as a potential barrier in adherence research, but it is
unclear how polypharmacy affects (or is affected by) other barriers to either increase or
decrease adherence.

For the current review, we adapted a conceptual framework for medication adherence in
older adults proposed by Gellad et al, (Figure 2) originally modeled from the framework
proposed by Park and Jones.3,17 In the previous models, the complex interplay among
patient, health-system, and provider factors are central to their explanatory value. Not only
do those factors interact, but each individual patient-level factor also interacts with other
patient factors. For example, the presence of multiple co-morbid conditions in a patient
could affect the patient’s perceived need for certain medications – in this case, co-morbid
conditions and perceived need for medications each affect adherence individually, but the

Marcum and Gellad Page 3

Clin Geriatr Med. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



interaction between the two may also affect adherence. In another example, cognitive
function, another patient-level barrier to adherence, could affect the socioeconomic status of
a patient (which in turn may be related to adherence), and it could also affect how patients
perceive their need for medications.

Our proposed model focuses on the potential pathways from one of the medication
characteristics in the previous model – polypharmacy – to medication (non)adherence,
potentially being mediated by various patient, health-system and/or provider factors (Figure
3). Polypharmacy can lead to medication nonadherence simply because of the greater
number of medications that can be missed on a daily basis, yet polypharmacy can also lead
to nonadherence through other mechanisms. Polypharmacy here is defined as the number of
different medications a patient is prescribed and taking; this is distinct from the concept of
regimen complexity, which encompasses the number of daily doses for a medication, the
presence of non-oral routes of administration, and the need for specific dosing instructions
(e.g., warfarin, bisphosphonates). Regimen complexity is closely correlated with
polypharmacy and has previously been shown to be associated with lower medication
adherence.19 An additional important distinction highlighted in the model is the
differentiation between intentional and unintentional medication nonadherence, which are
two very different medication-taking behaviors. Distal health outcomes, including
therapeutic failures and adverse drug events, are also included since they are significant
consequences and/or causes of medication nonadherence.20

The following paragraphs on patient, health-system, and provider factors highlight potential
mediators of the association between polypharmacy and medication nonadherence. These
factors should not be considered in isolation; rather, they should be viewed as interacting
with many other factors, and clinicians must evaluate each patient individually to assess
their unique barriers as they change over time.

Patient Factors
Older adults may be influenced by various factors that could affect their medication-taking
behavior, including demographic factors such as socioeconomic status and age, cognitive
function, coexisting illness, illness representation, and medication side effects, to name a
few. While these patient factors can affect medication adherence on their own, they can also
both cause polypharmacy (e.g., coexisting illnesses leading to more medications prescribed)
and mediate the relationship between polypharmacy and nonadherence (e.g., drug
interactions and side effects are more likely when taking more medications). Patients’
representation of their own illness can potentially be affected by their pill burden, and that
representation has previously been shown to affect adherence.17 In some cases the beliefs
that patients have about the number of medications they are taking, rather than the actual
number, may have a stronger association with their adherence. For example, in a study of
women taking osteoporosis medications, agreeing with the statement that one was taking too
many different medications was a more important predictor of very low adherence (MPR
<20%) than the actual number of medications taken.21

Health-System Factors
The most common health-system barrier to medication adherence is cost.12,22 Cost is clearly
more of a problem for those patients taking more medications, and thus polypharmacy may
affect adherence through higher cost-sharing. In addition, polypharmacy could lead to filling
at multiple pharmacies depending on the type of medication, the type of providers, and the
patient’s insurance; older adults filling prescriptions at multiple pharmacies may face greater
burden to adhering than those using a single pharmacy.23 Moreover, formulary substitutions,
prior authorization, fragmentation of care, and ability to access care are all potential barriers
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to medication adherence for the older adult and are likely to be even more significant in
those taking multiple medications.

Provider Factors
Providers may unknowingly contribute to medication nonadherence by not discussing
potential medication side effects or the importance of the medication or simply by
prescribing complex regimens (when more simplified options are available). Patients
receiving specialized care are often required to visit multiple providers and subsequently
encounter multiple prescribers who may not be in communication with each other, thus
leading to unintended polypharmacy.

While we make note of the above barriers, the list is by no means completely inclusive.
Perhaps the most important concept when it comes to identifying barriers to medication
adherence and how polypharmacy may lead to problems with adherence is that each patient
will be different, for each medication they take, and at different points in time. Simply put,
understanding the potential barriers patients face does nothing more than prepare clinicians
to better understand what the specific patient in front of them might be facing.

EVIDENCE
Having discussed the conceptual framework for understanding how polypharmacy may be
associated with medication adherence, we now discuss the current available evidence on the
topic. Numerous reviews have been published on medication adherence in older adults, and
polypharmacy has been one of the commonly studied risk factors for nonadherence.
Balkrishnan conducted a review from 1962 to 1997 examining predictors of medication
adherence in the elderly and found mixed results for the association between the number of
medications and adherence.16 We recently conducted a systematic review from 1998–2010
focusing on older adults in the United States and, similarly, found mixed results for the
association between polypharmacy and medication adherence.6 This heterogeneity in the
literature is consistent with other systematic reviews reporting on the relationship between
polypharmacy and medication adherence.24

To build on the above reviews, we searched PubMed (through July 2011) and the reference
lists of articles included in our prior review and found only 3 additional studies focusing on
older adults examining polypharmacy and adherence. Thus, in total, we identified 9 articles
for the purpose of this review (Table 1).23,25–32 Among these 9 articles, 6 reported a
negative association between greater number of medications and medication adherence –
that is, the presence of more medications was associated with worse adherence.
Alternatively, 1 study reported a positive association between polypharmacy and medication
adherence, and 2 studies found no significant association. Importantly, when only assessing
those studies using a more rigorous design (i.e., excluding cross-sectional studies), 4 out of 5
studies reported that polypharmacy was associated with greater risk of nonadherence.

It is important to highlight that polypharmacy is often assessed along with multiple other
covariates to determine their association with medication adherence in epidemiologic studies
or during secondary analyses of previously completed trials. In other words, polypharmacy
is rarely pre-specified as the primary independent variable for predicting medication
adherence, making it difficult to determine the true association between polypharmacy and
medication adherence.

Taken together, there appears to be an association between polypharmacy and poorer
medication adherence. However, it is difficult to be certain from the literature because of the
mixed results, the likely unmeasured confounding, limited study designs (e.g., cross
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sectional), small sample sizes, and limited generalizability. In addition, this uncertainty is
surely a result of the complexity of measuring adherence – the interaction between
polypharmacy and all the additional factors described above is impossible to capture in most
studies, and the fact that adherence can vary for different medications within the same
person at different times makes adherence an even more complicated behavior to quantify.
While the effect of polypharmacy on medication adherence may not be completely clear in
the literature, improving medication adherence to maximize the therapeutic benefit of
pharmacotherapy remains a cornerstone of geriatric care. We discuss some strategies for
improving adherence below.

STRATEGIES FOR IMPROVING ADHERENCE
Several interventions have been trialed to find effective solutions for this ongoing public
health problem in older adults, with minimal success to-date.5,33,34 In general, multi-faceted
interventions have been shown to have the most impact in elders (who are often receiving
polypharmacy) to enhance medication adherence, making it difficult to disentangle the
effective from the ineffective components.5 There is evidence from clinical trials of the
effectiveness of decreasing regimen complexity in improving adherence33, and some
evidence from well-conducted natural experiments of lowering cost-sharing to increase
adherence (although these are not specific to older patients).35 There is also evidence that
pharmacist interventions can improve medication adherence and related healthcare
utilization, yet the effect of these interventions commonly dissipates upon discontinuation
and their cost-effectiveness is unclear.36,37

So what can we do to improve medication adherence in older adults in light of limited
evidence available? The following are some key strategies that are rooted in the
literature:2, 38–40

1. Promote rational, conservative prescribing – a necessary but not sufficient
step alone.38 One of the most important strategies for improving adherence is to
first make sure patients are receiving the most appropriate medications. Evaluate
the medication regimen to ensure that it is appropriate, including discontinuing and/
or dose-adjusting any unnecessary medications/doses, decreasing regimen
complexity, and minimizing cost-sharing. Begin new medications only after
assuring oneself and the patient/caregiver that the benefits outweigh the risks.

2. Avoid the “prescribing cascade.”40 If a patient develops new symptoms after
starting a medication (e.g., pedal edema after starting a calcium channel blocker),
try changing the medication before adding another one to treat the symptoms.

3. Incorporate the measurement of medication adherence and individual-level
risk factors for nonadherence into clinical practice.

With the uptake of health information technology, detecting medication adherence
problems (at least problems with refilling medications and/or experiencing ADEs)
may be more easily incorporated into the clinical encounter. Other screening tests
may be available to detect different aspects of medication adherence (e.g., taking
medications incorrectly). Always solicit information from the patient/caregiver, and
incorporate a multidisciplinary approach when possible (using nurses and
pharmacists) to monitor medication adherence over time.

4. Evaluate for potential barriers in the older adult. Knowing some of the more
common barriers to adherence in older adults, ask about them during the clinical
encounter, including (but not limited to): financial restraints (cost-sharing), use of
multiple pharmacies/prescribers, complex medication regimens, cognitive
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impairment, dexterity limitations, swallowing difficulty, and hearing/visual
impairment.

5. Take into account the patient and caregivers’ underlying beliefs about
medication use. Attention should be given to understanding patient beliefs about
the necessity of their medications. Only then can patient-specific medication
adherence recommendations be made and medication regimen monitoring plans
developed and implemented.

LESSONS FOR FUTURE RESEARCH
Moving forward, there are clear gaps in the literature that deserve attention, due to the
considerable impact of medication nonadherence in a rapidly aging population. Based on an
evaluation of published research and our own clinical experience, we offer some suggestions
for future work in order to advance the study of medication adherence in older adults. First,
the most evident cause of the heterogeneity in the literature is the lack of standardization of
the measurement of medication adherence across studies, preventing pooling of results to
better describe the effectiveness of interventions. While we acknowledge that no one
measure can capture the entire universe of medication adherence behavior, consistent use of
reliable and valid instruments across studies and over time in large cohorts of older adults
would allow for more systematic results and implications. Many researchers are now using
the standard definitions of adherence and persistence as outlined by Cramer et al.41 Along
those lines, there is a great need to study cohorts of older adults’ medication-taking behavior
over time in order to study all aspects of medication nonadherence within the same
population (i.e., primary nonadherence, nonpersistence, and nonconforming).

Second, future studies should report on any differential impact of interventions on
intentional vs. unintentional medication nonadherence. Interventions found to be effective
for unintentional nonadherence (e.g., using electronic reminder devices) will likely not be
appropriate for older adults showing intentional nonadherence who may have knowingly
stopped a medication. Such patients may benefit from an intervention that allows for a
timely line of communication with a healthcare professional in order to address their key
barrier(s).

Third, researchers should take seriously the call to develop larger, more rigorous, clinical
trials testing interventions to improve adherence as well as distal outcomes (e.g., ADEs and
therapeutic failures).5 The Institute of Medicine included interventions to improve adherence
as one of the top 100 priorities for comparative effectiveness research.42 Importantly, cost-
effectiveness studies should be incorporated into studies of adherence interventions in order
to make coherent policy arguments. Comparative effectiveness studies are needed
comparing interventions of different lengths of time, and of different “intensities” (e.g.,
single-faceted vs multi-faceted interventions).

Finally, before attempting to improve medication adherence, it is critical to ensure that the
medication regimen is the most appropriate one for the individual patient. Future trials could
assess a stepwise approach to enhancing medication use by first determining any changes to
improve medication appropriateness. Only after this has been done should interventions to
improve medication adherence be trialed and implemented in order to avoid adherence to a
suboptimal regimen. One intervention that will completely prevent nonadherence, and limit
polypharmacy, is to stop a medication that is no longer clinically indicated or consistent with
the patient’s goals of care.43
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CONCLUSION
Despite the fact that medication adherence has been extensively described in the literature
over the past several decades, a quote by Becker and Maiman from over 35 years ago best
captures the current state of our understanding: “Patient compliance [sic adherence] has
become the best documented, but least understood, health behavior.”44 Future research is
greatly needed to identify and translate safe and effective interventions into routine clinical
practice to improve adherence. Only then can we begin to make significant improvements to
the medication use process and, in turn, the health of older adults.
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SYNOPSIS

Polypharmacy and medication adherence present a unique challenge for the older adult,
their caregiver(s), and the healthcare team. In examining the current published literature,
there appears to be an association between polypharmacy and poorer medication
adherence in older adults. However, the heterogeneity of how adherence is defined in the
literature, along with limited study designs, generally small sample sizes, and potential
for unmeasured confounding limits the certainty of this conclusion. Nonetheless,
improving medication adherence to maximize the therapeutic benefit of pharmacotherapy
remains a cornerstone of geriatric care. We discuss strategies for limiting polypharmacy
and improving adherence and suggest ideas for future research focused on identifying
and translating safe and effective interventions to improve adherence into routine clinical
practice.
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Figure 1.
Examples of Self-reported Medication Adherence Measures9–11
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Figure 2.
General Conceptual Model of Medication Adherence and the Interaction Between Patient
Factors, from Gellad et al, 20093,17

Marcum and Gellad Page 13

Clin Geriatr Med. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



Figure 3.
Conceptual Model of the Effect of Polypharmacy onMedication Adherence
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