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Abstract

Background/Objectives—Polypharmacy is receiving increased attention as a potential
problem for older persons, who frequently have multiple chronic conditions. The purpose of this
study was to summarize evidence regarding the health outcomes associated with polypharmacy,
defined as number of prescribed medications,among older community-dwelling persons.

Design—Systematic review of MEDLINE (OvidSP 1946 to May Week 3 2014).
Setting—Community

Participants—Observational studies examining health outcomes according to the number of
prescription medications taken.

Measurements—Association of number of medications with health outcomes. Because of the
importance of comorbidity as a potential confounder of the relationship between polypharmacy
and health outcomes, articles were assessed regarding the quality of their adjustment for
confounding.

Results—Of the total of 50 studies identified, the majority studies that were rated as “good” in
terms of their adjustment for comorbidity demonstrated relationships between polypharmacy and a
range of outcomes, including falls/fall outcomes/fall risk factors; adverse drug events,
hospitalization, mortality, and measures of function and cognition. However, a number of these
studies failed to demonstrate associations, as did a substantial proportion of those studies rated as
“fair” or “poor.”
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Conclusions—Data are mixed regarding the relationship between polypharmacy, considered in
terms of number of medications, and adverse outcomes among community-dwelling older persons.
Because of the challenge of confounding, randomized controlled trials of medication
discontinuation may provide more definitive evidence regarding this relationship.

Keywords
Polypharmacy; observational studies; systematic review

INTRODUCTION

The majority of older persons have multimorbidity, the co-existence of multiple chronic
conditions. In a study using 100% Medicare claims data from 2008(with 83.5% of
beneficiaries age > 65 years), 67% of all beneficiaries had two or more chronic conditions.
The prevalence increased with age, to 81.5% for beneficiaries 85 years of age or older.l A
consequence of multimorbidity is the use of multiple medications. In a 2003 survey of
Medicare beneficiaries, nearly 90% were taking at least one prescription medication, and,
among these persons, 46% were taking five or more medications.? The use of multiple
medications has been given the namepolypharmacy, although there are other definitions for
the term, such as use of inappropriate medications, and, even when defined according to
number of medications,no consensus exists regarding the number of medications at which
polypharmacy begins. There are concerns about the consequences of polypharmacy among
persons with multimorbidity. Increasing the number of medications exponentially increases
the number of combinations of medications, which, in turn, increases the risk of adverse
drug reactions and drug-drug interactions.3One study that applied clinical practice guidelines
to the care of an older patient with five common chronic co-existing
conditions(hypertension, chronic heart failure, stable angina, atrial fibrillation,
hypercholesterolemia, diabetes mellitus, osteoarthritis, chronic obstructive pulmonary
disease, and osteoporosis)found that she would be prescribed twelve medications requiring a
complex administration schedule, with the potential for multiple drug-drug and drug-disease
interactions.* Because data regarding the benefits and harms of medications have come
largely from randomized controlled trials excluding persons with multimorbidity, the
marginal benefits and harms associated with prescribing additional medications for persons
who are already taking other medications are not known.>

While reviews of polypharmacy defined as the receipt of multiple medications have
concluded that number of medications is associated with adverse outcomes among older
adults,36 the full range of outcomes potentially associated with polypharmacy is not well
understood. Several prior reviews of polypharmacy focused on the epidemiology of and
interventions to reduce polypharmacy rather than on outcomes.®’One review examining
outcomes associated with polypharmacy used the key words “polypharmacy” or “multiple
medications” as identifiers of studies examining the use of multiple medications.3 Our
examination of key articles suggested that relevant studies were not uniformly indexed using
these terms. We therefore sought to undertake a systematic review of the literature to
examine the health outcomes associated with polypharmacy employing a number of
strategies to identify studies that examined the use of multiple medications.
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Data Sources and Searches

The search was constructed to address the question, “Among community-living persons age
65 years and older receiving outpatient care, what are the clinical outcomes associated with
polypharmacy related to medications taken for chronic conditions?” The following
databases were searched for relevant studies with in the dates shown: MEDLINE (OvidSP
1946 to May Week 3 2014).The search strategies used synonymous free text words in
addition to controlled vocabulary terms and to capture the concept of polypharmacy by
identifying studies examining the prescription of 4 or more medications and/or drug burden
in persons age 65 and older. The search strategy was not limited by study design or language
of publication. The full strategy is shown in the appendix.

Study Selection

Data Extract

In the absence of consensus regarding the definition of polypharmacy, articles were included
if they examined outcomes associated with a greater number of medications as compared to
a lesser number, regardless of what these numbers were. Because multiple articles enrolled
population-based studies regardless of site of residence, we included these articles, but
excluded articles if the population consisted entirely of persons living in assisted living
facilities or nursing homes. We excluded observational designs other than cohort or case-
control studies (e.g. case series).Articles were excluded if they examined hospitalized
patients and patients receiving emergency room care, as these represented selected cohorts.
Acrticles were also excluded if they did not examine a health-related outcome; an example of
such an exclusion was medication adherence. A final exclusion criterion was the
prescription of inappropriate medications or number of medications in a specific medication
class as the sole measure of polypharmacy, without also examining the number of
medications prescribed. We did this because of our specific interest in examining the
evidence regarding the relationship between number of medications and patient outcomes
regardless of the appropriateness of each medication considered individually. We did not
exclude studies of patients on possibly inappropriate medications if they had polypharmacy
defined according to total number of medications.A total of 50 titles and/or abstracts were
reviewed independently by three of the investigators to confirm uniformity in the process of
excluding articles. The titles and/or abstracts of the remaining references were initially
reviewed by one of two investigators, and articles that were not excluded were re-reviewed
by a third investigator to achieve consensus regarding inclusion. Full text review was
performed for these articles. The reference lists for the final set of articles identified by this
search as well as for articles that did not meet inclusion criteria but provided reviews or
conceptual discussions of polypharmacy were also examined to identify additional articles
meeting inclusion criterion.

ion

For each of the included studies, two investigators independently extracted the following
data elements: 1) study design; 2) study population; 3) measure of polypharmacy; 4) main
findings. Disagreements were resolved through discussion. Many of the customary measures
of quality utilized for systematic reviews that are designed to assess the risk of bias in
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randomized controlled trials, such as adequacy of randomization, blinding, and completion
of outcome reporting, were not applicable to the observational studies included in the
current review.8 Instead, we focused on the issue of confounding. Adjustment for chronic
illnesses was particularly important to consider because of the possibility that the outcomes
examined were associated with the multiple diseases for which medications were prescribed
rather than the medications themselves. We therefore evaluated each study for the adequacy
of adjustment for confounding, rating each study as “good,” “fair,” or “poor.” A rating of
good was assigned if the study used specific assessments of comorbid conditions (e.g.
comorbidity index, number of chronic conditions, presence or absence of multiple individual
conditions).A rating of fair was assigned if the study did not assess a full complement of
chronic conditions but did include other characteristics associated with health, such as age,
self-reported health, and/or function. A rating of poor was assigned if the study did not
include any of these adjustments or if the methods section did not explicitly describe how
adjustment was done.

Data Synthesis and Analysis

RESULTS

We organized studies according to the outcome examined. Because of the heterogeneity in
design, population, and definition of polypharmacy, we did not attempt to combine the
results.

Identification of Articles

The literature search yielded 2,552 articles, including 50 duplicates. A total of 78 articles
passed the title/abstract screening process. Full-text review resulted in the exclusion of 37
articles. Review of the reference lists for the remaining 41 articles and articles identified as
not meeting inclusion criteria but providing a review of polypharmacy resulted in the
identification of an additional17 articles, for a total of 58 (Figure).

Type of Studies Identified

All of the studies were observational, with the majority of these being cross-sectional or
longitudinal cohort studies; 62 the remainder of the observational studies were case-
control.83-66 Many were population-based or enrolled participants from disease or medical
practice registries and represented persons from multiple countries. The largest number of
studies (23) examined falls or a fall-related outcome (e.g. dizziness, fear of falling, fracture)
as the outcome of interest.%-30.63A total of 14 studies examined adverse drug events (ADES),
although these studies varied in how they measured ADEs, including self-report,
identification by investigator, recognition by clinician, and reason for outpatient visit.31-44
Hospitalization and/or mortality were the outcomes examined in ten studies,10:15.45-51.65 gng
a total of 15 studies examined a variety of outcomes, including general markers of health as
well as specific symptoms, function, cognition, and, in one study, risk of developing a new
disease, Parkinson’s,9:15:52-62,64,66
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Study Findings

Of the 23 studies that examined falls or fall-related outcomes, 14were rated as good in terms
of adjustment for chronic conditions.9-22 Among these studies, 12 found at least one positive
association between polypharmacy and the outcome of interest.9-1517.18.20-220f the 12, one
study found an association between polypharmacy and falls among women but not among
men,11and one found an association between polypharmacy and dizziness but not
falls.14Several studies examining multiple categories of number of medications did not find
associations between the use of one to two or two to three medications versus no
medications and the outcome of interest, but did find associations for categories including a
higher number of medications.?17:22 In one study, the authors stratified the participants
according to whether they were taking a medication that was individually found to be
associated with falls, or a “risk” medication, and reported that polypharmacy was associated
with falls only among those taking a risk medication.22 The remaining nine studies were
assessed fair or poor in terms of adjustment for chronic conditions;23-30.63 among these
studies, seven found at least one positive association between polypharmacy and the
outcome of interest,23:24,26-29,63

A total of eight of the studies examining ADEs were rated as good in their adjustment for
chronic conditions.31-380f these, five found an association between polypharmacy and
ADESs measured in a number of different ways, including self-report, chart review, and
outpatient visit.31-34:380f the five, one found a significant associated only for 14 or more
medications.3°0f the six studies rated as fair or poor in their adjustment, four found an
association between number of medications and ADEs,39:41-43

Of the ten studies examining hospitalization and/or mortality, four were rated as good in
their adjustment for comorbidity and associations were found between number of
medications and all-cause hospitalization and/or mortality in three of the studies10-1545 and
flu-related hospitalization and mortality in the fourth.65 Of the six studies rated as fair or
poor,three found associations between number of medications and mortality or
hospitalization.46-48 A fourth study included older persons using insulin or sulfonylureas and
found an association between number of medications and serious hypoglycemia resulting in
an emergency room visit, hospitalization, or death.>0

A total of 15 studies examined a broad range of outcomes, including weight loss, self-
perceived health status, physical performance, function, cognition, symptoms, and disease
development.9:15:52-62.64.66 Of the eleven studies rated as good regarding adjustment for
comorbidities, all found an association between number of medications and at least one
outcome of interest,%:15.52-58,64.66 g|though one study examining the outcomes of nutritional,
functional, and cognitive status only found an association for 10 or more medications.>* The
remaining studies, rated fair or poor, also found associations.>9-62

DISCUSSION

This systematic review, designed to address the question of the outcomes associated with
polypharmacy, demonstrated marked heterogeneity among studies in terms of definition of
polypharmacy and outcomes studied. Because the number of medications cannot be
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assigned to patients, these studies are observational, and therefore the issue of confounding
is particularly important, since individuals who take more medications are likely to have
poorer health than those who take fewer. The studies in this review also varied widely in
their approaches to and adequacy of adjustment for chronic conditions. However, the
majority of studies involved large and often population-based cohorts, suggesting that the
study cohorts were representative of persons taking multiple medications. The results of the
studies were mixed, with some studies demonstrating an association of polypharmacy with
falls, fall risk factors, and fall-related injury; adverse drug events; hospitalization; mortality;
and a variety of measures of symptoms and physical and cognitive function, while other
studies failed to find these associations.

Our expectation was that studies with less adequate adjustment for confounding would be
more likely to demonstrate an association between polypharmacy and adverse outcomes,
because polypharmacy is likely to be a marker of the patient’s underlying health status. The
results of the review showed that, for falls and fall-related outcomes, a greater proportion of
studies assessed as good in terms of adjustment for confounding demonstrated an
association with polypharmacy as compared to studies assessed as fair or poor. For the other
outcomes included in the review, some studies assessed as good as well as those assessed as
fair or poor demonstrated associations while others did not. It is unclear why studies doing
less adequate adjustment failed to demonstrate associations, but this finding highlights the
multifactorial nature of the outcomes examined in the studies included in this review. To the
extent that these negative studies reflect a lack of association between health status/chronic
diseases and the outcomes examined, they support the conclusion that findings of
associations between polypharmacy and the various outcomes reflect a true independent
relationship.However, it may also be that even good adjustment for comorbidities cannot
account for differences in health associated with differential receipt of medications. A study
examining the relationship between the use of individual medications and mortality among
older persons found that medications for which there is no evidence of mortality benefit,
including non-steroidal anti-inflammatory agents and benzodiazepines, were nonetheless
associated with a lower risk of death among a large cohort of older persons. Adjustment for
comorbidity had little effect on this association, leading the authors to conclude that the
prescription of these medications was a marker of better health status not captured by
comorbidity, as physicians would be reluctant to prescribe these medications to their sickest
patients.57

There is a burgeoning interest in polypharmacy as reflected in the literature. The number of
studies indexed by this term in Medline increased three-fold in the last decade, from 77
articles 2002 to 286 in 2012. Moreover, multiple studies have been conducted with the aim
of reducing polypharmacy, based on the hypothesis that polypharmacy is a risk factor for
adverse outcomes.®8-71 The results of this review provide mixed support for this hypothesis.
In addition, one of the studies included in our review raises the question of whether the
number of medications per se is associated with adverse outcomes or whether the number of
medications is a marker for the use of individual medications with a well-established risk of
causing adverse events, such as psychotropic agents’2-74 and other medications established
by expert consensus to be inappropriate for some or all older persons.”"6Qur review
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identified a study finding that individuals who were prescribed a greater number of
medications had a greater likelihood of taking a medication associated with fall risk after
adjusting for age, gender, comorbidity, and disability, and that polypharmacy was a risk for
falling only if it included one of these individual medications.22

In addition to the question of whether number of medications is merely a marker for the
receipt of inappropriate medications, there is also the question of whether it is also a marker
for under prescribing. In one study, approximately 40% of older veterans who were taking
five or more medications were simultaneously taking one or more medications considered to
be inappropriate and not taking a potentially beneficial medication.”’This finding raises the
possibility that, if there is a relationship between number of medications and adverse
outcome, it may result, at least in part, from underuse of appropriate medications. The
challenge, however, is a lack of data regarding which medications are appropriate for older
persons with multiple chronic conditions. These patients are systematically excluded from
participation in clinical trials, with the result that trials underestimate the harms these
patients may experience from medications.”® In addition, a recent study demonstrated that,
because of lower life expectancy, older persons with chronic kidney disease derive much
less benefit from medications to prevent end-stage renal disease than do younger
patients.”®Taken together, these studies highlight the complexity of the relationship between
medications and outcomes, suggesting that number of medications alone may not be
sufficient indicator of the quality of a patient’s medication regimen.

Because of the issues regarding confounding and the complex relationship between
medication regimens and outcomes, it is likely that a more definitive answer to the question
of the outcomes associated with polypharmacy will require randomized controlled trials.
The results of this systematic review provide sufficient preliminary evidence to support such
trials. In addition, additional studies provide ancillary evidence of benefits of medication
reduction. Several studies have examined on interventions to reduce inappropriate
prescribing, including the use of unnecessary and inappropriate medications as well as
underuse of medications. An early study utilizing a clinical pharmacist demonstrated a 25%
reduction in the likelihood of an ADE, although this result did not reach statistical
significance,8% and a more recent study of outpatient geriatric care demonstrated a
significant 35% reduction in serious ADEs.8Additional studies have focused on medication
reduction. A randomized controlled trial of a multifactorial falls prevention intervention
targeting multiple risk factors included older persons taking four or more medications
including at least one centrally acting antihypertensive, nitrate, diuretic, histamine blocker,
or nonsteroidal anti-inflammatory drug who reported fatigue, dizziness. These participants
received the targeted intervention of medication review.82:83 Overall, the intervention
reduced the risk of falls by 31% and also reduced the likelihood of taking four or more
medications (86% in the control group versus 63% in the intervention group.)82A second
study examined the feasibility of reducing medications among 70 older community-dwelling
adults in a pre- post- study design. This study resulted in discontinuation of 81% of
medications for which a recommendation was made among 64 participants, of whom 88%
reported improvement in their general health.84 Taken together, this evidence provides
support for the efficacy of interventions to improve medication regimens. Whether,
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however, reduction in polypharmacyper se results in better patient outcomes is still
unknown, and studies addressing this issue will face the challenge of disentangling the
effects of eliminating high-risk medications from the effects of reducing the overall burden
of medications that individually are not generally associated with harm.

This review has a number of limitations. First, because a number of health outcomes were
common to many of the studies, it would be ideal to have a summary measure of the
association of polypharmacy with these outcomes. However, the heterogeneity in study
populations and in definitions of polypharmacy made direct comparisons among the studies
highly challenging. Second, we found a sizeable proportion of the studies included in the
review through the reference lists of other articles. This suggests that, while we attempted to
make our search strategy as broad as possible, by using text words as well as formal
subheadings, we may have missed other relevant articles. Third, the studies included in the
review were heterogeneous in terms of the types of medications they examined. While some
studies specified the exclusion of over-the-counter medications and/or medications
prescribed for a short course to address an acute condition, other studies included these and
still others did not provide sufficient data to determine which medications were included/
excluded.

In summary, this systematic review addressing the question of the health outcomes
associated with polypharmacy provides mixed evidence regarding these associations. While
some articles that were assessed as good in terms of adjusting for comorbidities that likely
confound the relationship between medication use and outcomes demonstrated an
association between polypharmacy and falls, adverse drug events, hospitalization, and other
outcomes, other such articles did not. More definitive evidence regarding these associations
will require randomized controlled trials testing the effects of medication discontinuation.
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Appendix: Search strategy

Step# Search Result
1 polypharmacy/ 2344
2 polypharmacy.tw. 2703
3 (drug adj1 burden).mo. 70

((prescription* or medication( or polypharmacy) adj 237

4 (number* or amount* or multiple*)).mp
((four or five or six or seven or eight or nine or ten)
5 adj1 (prescription* or medication* or 440

polypharmacy)).mp
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6 lor2or3ordor5 4786
7 limit 6 to humans 4678
8 limit 7 to “all aged (65 and over)’ 2552
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