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HE RISKS OF POLYPHARMACY

There are many challenges to ensuring good outcomes from the pharmacologic man-
agement of older adults. With advancing age, the increased prevalence of diseases
promotes high use of medications in older adults and of polypharmacy, commonly
defined as the use of 5 or more medications. Further, there is a lack of data to guide the
use of medications in older adults. This is because older adults are rarely included in
randomized, controlled trials (RCT),1 and most evidence-based clinical guidelines for
lder people are extrapolated from younger populations.2 Older adults use medicines

extensively, and evidence suggests that polypharmacy may even be increasing.3 For
nstance, older people living in the community consume on average 4 medications,
hereas older people living in nursing homes use on average 7 medications.4–6

Many risk factors for polypharmacy have been identified, commonly grouped as
demographic, health status, and access to health care services factors.7 Of demographic

Disclosures: The authors gratefully acknowledge the funding support from the Geoff and Elaine
Penney Ageing Research Unit and the Ageing and Alzheimer’s Research Foundation.
a Departments of Clinical Pharmacology and Aged Care, 11C Main Building, Royal North Shore
Hospital, St Leonards NSW 2065, Australia
b Sydney Medical School, University of Sydney, Sydney, NSW 2006, Australia
c Centre for Education and Research on Ageing, Concord Hospital, C22, Concord NSW 2139,
Australia
d ANZAC Medical Research Institute, Concord Hospital and University of Sydney, Concord NSW
2139, Australia
* Corresponding author. Sydney Medical School, University of Sydney, Sydney, NSW 2006,
Australia.
E-mail address: danijela.gnjidic@sydney.edu.au

Clin Geriatr Med 28 (2012) 237–253
doi:10.1016/j.cger.2012.01.006 geriatric.theclinics.com

0749-0690/12/$ – see front matter Crown Copyright © 2012 Published by Elsevier Inc. All rights reserved.

mailto:danijela.gnjidic@sydney.edu.au


s
c
a

t
s
o
f

t
i
o

238 Gnjidic et al
risk factors, advancing age, female gender, and low education level are associated with
increased polypharmacy exposure.3,7–9 Recent hospitalization, multiple comorbidities,
and depression are some of the health status markers associated with higher rates of
polypharmacy.9 The involvement of multiple prescribers and greater health care utilization
are important health care characteristics that increase the risk of polypharmacy.8 A recent
tudy conducted in a sample of older disabled women found that in addition to
omorbidity and difficulties with instrumental activities of daily living, frailty was associ-
ted with increased polypharmacy.10

Although use of multiple medications might generate positive outcomes for some older
adults with multiple diseases, there is increasing evidence that it is associated with
increased risks of adverse events. The clinical consequences of polypharmacy on health
outcomes in older adults have been widely documented. Polypharmacy is associated
with increased risks of adverse drug reactions (ADRs), adverse drug events (ADEs),
inappropriate prescribing, inappropriate drug use, falls, hospitalization, institutionaliza-
tion, mortality, and other important negative outcomes in studies of older adults.6,11

Indeed, polypharmacy is often considered to be among the most important risk factors
for ADRs in older people. Therefore, rational withdrawal of medications may be the
appropriate clinical decision and may result in significant clinical and functional benefits
in some older people with polypharmacy. The feasibility of deprescribing was recently
evaluated in a pilot study,12 where it was found that a RCT of deprescribing is acceptable
o participants, and recruitment is feasible. Current evidence suggests that stopping
ome classes of medications in older patients does not worsen clinical outcomes, is not
ften associated with withdrawal syndromes, and can improve some outcomes such as

alls, behavior, and cognition.13

Not surprisingly, withdrawing medications in older people has often been found to
be difficult, and requires consideration of a range of factors. To date, interventions to
reduce medication exposure in older adults have shown mixed results. Approaches
including pharmacist-led medication reviews, prescriber feedback, and multidisci-
plinary interventions involving a team of health professionals have been trialed to
reduce medications, with the aim of improving medication-related outcomes in older
adults. The clinical implications of different interventions in older people from care
homes,14 and pharmacist-based interventions to optimize prescribing in older adults,15

especially for those living in nursing homes16,17 have been evaluated recently. The aim of
his clinical review is to highlight the evidence for the impact of various types of
nterventions designed to reduce polypharmacy on prescribing and clinical outcomes in
lder adults from community, nursing home, and hospital settings.

CHALLENGES OF DISCONTINUING MEDICATIONS

Before addressing interventions to reduce medications in older adults, it is important
to briefly discuss factors that need to be considered during the medication withdrawal
process (Fig. 1). There are many barriers to successfully stopping medications in
older adults. Health professionals may find it difficult to reduce the dose or to stop the
medication once a prescription is initiated. Clinicians might feel uncomfortable with
changing or discontinuing a medication prescribed by another clinician.18 The
evidence base, marketing, and guidelines for initiating medications are vast, but there
is little to support ceasing or reducing medications. Patients’ preferences are also
important to consider before initiating the process of medication withdrawal. Patients
may be psychologically and physically attached to their medications.19 Stopping a
medication may be perceived by the patient or their carer/family as inadequate care.
The relationship between the health professionals and patient may hinder the efforts

to stop medicines.
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The potential harms of discontinuing medications may be a barrier to successful
medication withdrawal process. The process of stopping medications can result in
ADRs or adverse drug withdrawal events (ADWEs). An ADWE is characterized by a
clinically significant set of symptoms or signs caused by the medication cessation.20

Some medications are more likely to cause ADWEs than others. For example, the
cardiovascular and central nervous system drug classes are the most common
medications associated with ADWEs.20,21

When considering whether to continue or withdraw a patient’s medicines, it is
important to establish duration of use of each medication, whether there is still an
indication for the use of medication, and if so, the use is still consistent with current
guidelines.22 Medication adherence is another important factor that might impact on
ttempts to withdraw medications.23 For example, if the patient has remained well

without taking the medicine, then it is pointless to continue prescribing the medica-
tions. The so-termed prescribing cascade, when additional medicines are initiated to
treat adverse effects of other medications, might influence attempts to cease
medications, as the adverse effects of remaining drugs will reemerge.24

There is very limited evidence to guide the medication withdrawal process in
older adults with polypharmacy. An algorithm approach that expands the pre-
scribing stage to include a step for rationally discontinuing medications has been
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Fig. 1. Factors to consider when discontinuing medications in older adults. ADRs, adverse
drug interactions; ADWEs, adverse drug withdrawal events.
proposed.19 In clinical practice, a step-wise approach to discontinuing medications is



Table 1
Clinical controlled studies to reduce medication exposure

Intervention Study Settinga

Study Results

Impact on Prescribing Impact on Outcomes

Pharmacist-based interventions

Clinical pharmacist medication
review combined with
physician and patient
education26

Outpatient managed care (n �
195,971)

Significant reduction in the
number of prescriptions

Not assessed

Clinical pharmacist
consultation and computer-
based medication profiles
provided to physician27

Internal medicine clinic (n � 512) Significant reduction in the
number of medications

Not assessed

Clinical pharmacist patient
tailored medication review
provided to physician28

Outpatient clinic (n � 562) Significant reduction in the
number and costs of
medications

Not assessed

Medication review performed
by pharmacist and reviewed
by the primary care
provider29

Geriatric outpatient clinic (n � 250) Significant reduction in the
mean number of
medications

Neutral or positive in 99.5% of cases

Physician-based interventions

The Good Palliative–Geriatric
Practice algorithm
compromised of physician
individual review30

Community dwelling (n � 75) Discontinued 311
medications (58%) in 64
participants

Improved cognition and global health

Prompting participants to
bring their medications for
review by their physician31

Managed care organization (n �
37,372)

Significant reduction in the
number of medications
observed in 20% of
patients

Not assessed
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Geriatric medicine fellows
reviewed each patient’s
medication list, and
recommended the changes
to the patients’ primary
care physician32

Nursing homes (n � 74) Significant reduction in the
number of medications

Not assessed

Provision of admission
medication list to
physician33

Hospitalized patients (n � 836) Significant reduction in the
number of medications

Not assessed

Multidisciplinary-based
interventions

Clinical pharmacists prescribed
medications under the
supervision of a family
physician34

Nursing homes (n � 139) Pharmacists prescribed
significantly less
medications than
physicians

Improved survival (P � .05); more patients
discharged to lower levels of care
(P � .03)

Case conference involving
health professionals
including general
practitioner, pharmacist,
nurses and other health
professional35

Nursing home (n � 245) Nonsignificant reduction in
the number of
medications

No effect on mortality

a N refers to number of patient participants.
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usually recommended.22,25 A gradual tapering of a dose, particularly for medications
used on a long-term basis and those associated with withdrawal syndromes is often
recommended. If the process of medication withdrawal is undertaken slowly and under
appropriate supervision, the likelihood of clinically significant ADWEs is low.13

INTERVENTIONS TO REDUCE MEDICATIONS: IMPACT ON PRESCRIBING AND
OUTCOMES

A number of clinical controlled studies have been performed to assess the effective-
ness of various interventions to reduce medication exposure in older adults (Table 1).
These approaches have commonly included medication reviews delivered by clinical
pharmacists, prescriber education programs, academic detailing combined with
additional strategies, comprehensive geriatric assessments, and multidisciplinary
interventions engaging health professionals such as physicians and pharmacists.

Of 4 clinical studies that involved pharmacist-based interventions, all reduced polyp-
harmacy, but only one assessed the impact of medication reduction on clinical outcomes.
One intervention, compromising of a clinical pharmacist medication review combined
with physician and patient education, resulted in significant reductions in number of
prescriptions and medication costs.26 Two identical interventions separated by 1 year

ere administered in the same study sample. The number of prescriptions decreased
rom 4.6 to 2.2 after the first intervention and from 4.5 to 4.0 six months after the second
ntervention. Further, adding a computer-based medication profile during the consulta-
ion between clinical pharmacists and physicians results in a significant reduction in the
umber of medications.27 The provision of a patient-tailored medication review by

pharmacist to physician reduces the number and cost of medications.28 Medication
eviews led by a pharmacist and reviewed by the primary care provider have also been
ound to result in a significant reduction in the mean number of medications, as well as
educed medication costs.29 Moreover, the same study reported neutral or positive

clinical outcomes of medication-related changes in 99.5% of patients.
Four clinical controlled studies employing physician-based interventions were

identified30–33; similarly, although all reduced polypharmacy, only 1 study reported
he impact of medication reduction on outcomes.30 A recent trial of polypharmacy
eduction in older people showed that over half of medicines can be discontin-
ed.30 The study utilized the good palliative– geriatric practice algorithm, which

nvolved physician-based reviews. Only 2% of medicines had to be restarted
ecause of recurrence of the original indication and overall there was improve-
ent in cognition and global health. This is a very important study, because it

howed that not only can polypharmacy reduction be achieved, but that this is
ssociated with long-term adherence and improved patient outcomes. In a study
hat promoted medication reviews by primary care physicians with their patients,
ignificant changes in physicians’ prescribing practices were observed.31 Of the
2% of the participants who underwent the medication review by the physician,
0% reported having a medication stopped and 29% reported a change in the
ose of a medication. The other 2 studies also demonstrated a significant
eduction in the number of medications.32,33

Two controlled studies utilizing a multidisciplinary intervention assessed the impact
of medication reduction on outcomes. One study compared prescribing practices of
the clinical pharmacists, under the supervision of a physician, with the usual care in
a nursing home setting.34 The study found that pharmacists prescribed significantly
ower numbers of medications than physicians. Moreover, this was associated with a

ignificantly lower number of deaths (P � .05) and a significantly higher number of
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patients being discharged to lower levels of care (P � .03). The other study reported
o change in the number of medications or impact on mortality.35

DEPRESCRIBING TRIALS TO REDUCE MEDICATIONS: IMPACT ON PRESCRIBING
AND OUTCOMES

The studies described in this section represent those which have employed an RCT
design to assess the effects of interventions to reduce medicines in older adults.
These trials have been conducted in a range of settings, and have yielded mixed
results and are summarized in Table 2.

RCTs involving medication review performed by pharmacists have been utilized in
a few studies.36–39 Although clinical pharmacist-based interventions have resulted in
substantial changes in medication regimens in 2 studies,36,38 reduced medication use

id not seem to cause significant differences in practice consultation rates, outpatient
onsultations, hospitalization, or mortality. However, a significant reduction in the
umber of falls over 6 months was reported in 1 study.38 In a RCT study of pharmacist
edication reviews conducted across 14 nursing homes in the UK, reduction in the

umber of medicines and costs was observed, but was not significant.39 Further, the
umber of accidents, falls, or deaths was not different between the groups.
Studies employing physician-based interventions have mostly reported a sig-

ificant reduction in medication use; however, the impact on clinical outcomes is
nclear.40 – 43 In 1 study, provision of a comprehensive medication review with recom-

mended modifications of patient’s medication regimen to physicians’ resulted in a
significant reduction in the number of medications and costs, but it did not improve
functional outcomes.40 In 2 studies, the primary outcome was reduction in medication
se.41,42 The application of inpatient or outpatient geriatric evaluation and management

seems to be successful in reducing primarily inappropriate drug use and, consequently,
the number of medications, with implications in reducing serious ADRs.43

A number of studies utilizing multidisciplinary-based interventions across a range
of settings have been conducted.44–54 Two studies implementing multidisciplinary
eams of physicians, pharmacists, and nurses reported no difference in the mean
umber of medications.44,45 Both studies had a same duration of follow-up and were
onducted in older people living in the community. In contrast, a study of hospitalized
atients who underwent multidisciplinary expert panel medication review showed
hat, although the total number of medications per patient per day fell slightly from
1.64 to 11.09 in the intervention group (P � .04), there was no difference in mortality
r frequency of acute hospital transfers.52 Two studies involving a team of physicians,
harmacists, and nurses were conducted in older people living in nursing homes.53,54

Both studies reported a significant decrease in number of medications over 1 year of
follow-up53,54; however, only 1 assessed the impact on outcomes.53 Although
medication use was reduced by 14.8% in intervention compared with the control
group, the study found no change in morbidity or mortality outcomes.53

More recently, an electronic medical records-based intervention was trialed to
reduce overall medication use, psychoactive medication use, and occurrence of falls
in older community-dwelling people.55 Although the intervention did not result in a
eduction in the total number of medications, a significant negative relationship
etween the intervention and the total number of medications started during the

ntervention period (P�.01), and the total number of psychoactive medications
P�.05) was observed. The impact on falls was unclear. Although the use of
omputerized physician order entry and clinical decision support systems seems to
mprove medication safety,56 future research is warranted to assess the feasibility of



Table 2
Randomized clinical trials to reduce medication exposure

Intervention Type Study Settinga Duration of Follow-Up

Study Results

Impact on Prescribing Impact on Outcomes

Pharmacist-based interventions

Pharmacist performed medication
review, with recommendations
made to physician in the case
of major changes36

Community dwelling (n � 1131) 1 year The increase in the mean
number of repeat
medications was
significantly lower for
intervention (mean
difference � 0.2)
compared with control
group (mean
difference � 0.4)

No effect on practice
consultation rates,
outpatient consultations,
hospital admissions, or
death rate

Clinical pharmacist intervention
involving the patient, with
recommendations made to
physician37

General medicine clinic (n � 208) 1 year Nonsignificant
difference in the mean
number of
medications

No effect on health-related
quality of life

Pharmacist performed medication
review and consulted with the
patient and carer38

Nursing homes (n � 661) 6 months Significant reduction in
the number of repeat
medications: 3.1 for
intervention compared
with 2.4 for control
group

Reduction in falls; No
effect on consultations
rates, hospitalizations,
deaths, functional status
or cognitive
performance

Medication review performed by
a pharmacist, with
recommendations and
follow-up39

Nursing homes (n � 330) 8 months Nonsignificant reduction
in the number of
medications

Minimal effect on
morbidity and mortality

244
G

n
jid

ic
et

al



Physician-based interventions

Patient-tailored information
recommending medication
reduction to primary care
physician40

Community dwelling (n � 140) 2 months Significant reduction in
the number of
medications

No differences in
functioning

Patient tailored information
recommending medication
reduction to primary care
physician41

Outpatient clinic (n � 272) 6 months Significant reduction in
the mean number of
medications

Not assessed

Group 1: Patient-tailored letter
recommending medication
reduction to primary care
physician

Group 2: A chart review,
calculation of patient
compliance, and individualized
suggestions for medication
reduction to primary care
physician42

Outpatient clinic (n � 292) 6 months Significant reduction in
the number of
medications

No significant difference
between the type of
intervention

Not assessed

Inpatient or outpatient geriatric
evaluation and management
(GEM)43

Inpatient and outpatient
veterans care (n � 834)

1 year Significant reduction in
unnecessary and
inappropriate drug
use, and consequent
reduction in number
of medications was
observed in patients
receiving GEM

Reduction in serious ADRs

(continued on next page)
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Table 2
(continued)

Intervention Type Study Settinga Duration of Follow-Up

Study Results

Impact on Prescribing Impact on Outcomes

Multidisciplinary-based
interventions

Multidisciplinary team comprising
a physician, pharmacist and
nurse reviewed the list of
medications in a case
conference44

Community dwelling (n � 266) 1 year Nonsignificant reduction
in the mean number
of medications

Not assessed

Evaluation performed by a nurse
and physician45

Community dwelling (n � 174) 2.5 months
1 year

Nonsignificant reduction
in the number of
medications

Not assessed

Personal educational visits by
clinical pharmacist to primary
care physician46

Prescription databaseb 9 months Reduced prescribing of
the target medications
by 14%

Not assessed

Pharmacist educated the patient/
carer about their medicines,
and subsequently met with the
general practitioner to
reinforce changes47

Community dwelling (n � 136) 6 months Decreased number of
medications

No difference in hospital
admissions, care home
admissions, or deaths

Clinical pharmacists visited
physicians; second group were
given data comparing their
individual prescribing costs to
those of their colleagues48

General medicine clinicb 7 months Significant reduction in
physicians’ prescribing
costs but no decrease
in the number of
prescriptions

Not assessed

Clinical pharmacist medication
review involving the patient,
with recommendations made
to physician to reduce
medications after discharge49

Hospitalized patients (n � 706) 3 months
20 months

Significant difference in
the mean number of
medications observed
at 20 months only

No effect on service use
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Clinical pharmacist medication
review involving the patient,
with recommendations made
to interdisciplinary team (social
worker, dietician, physical
therapist, geriatric physician
and nurse) to reduce
medications after admission to
a hospital50

Hospitalized patients (n � 436) 3 days
3 months

Increase in number of
medications in the
intervention groups
was lower compared
with control at 3 days
No difference in the
number of
medications observed
at 3 months

Not assessed

Interdisciplinary geriatric
evaluation involving the
assessment of patient’s
medical, functional and
psychosocial status51

Hospitalized patients (n � 123) 2.5 years No difference in the
mean number of
medications

Unclear

Medical assessment by a
geriatrician and medication
review by a multidisciplinary
expert panel (geriatricians,
specialist registrars in geriatric
medicine, hospital pharmacists
and senior nurse
practitioners)52

Hospitalized patients (n � 225) 6 months Total number of
medications reduced
in intervention
compared with control
group

No effect on mortality or
frequency of acute
hospital transfers

Medication reviews prepared by
the pharmacist; educating
nurses on common issues in
geriatric pharmacotherapy;
geriatrician also considered the
medication review53

Nursing homes (n � 3230) 1 year Significant reduction in
total number of
medications when
clustering effect was
not accounted for

No effect on morbidity or
survival

(continued on next page)
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Table 2
(continued)

Intervention Type Study Settinga Duration of Follow-Up

Study Results

Impact on Prescribing Impact on Outcomes

Case conference involving health
professionals including
physician, pharmacist, nurses
and nursing assistant54

Nursing homes (n � 1854) 1 year Significant reduction in
the prescribing of
antipsychotics,
benzodiazepine
hypnotics, and
antidepressant
medications

Not assessed

Computer feedback-based
interventions

A standardized medication review
was conducted and
recommendations made to the
primary physician via the
electronic medical record55

Community dwelling (n � 620) 1 year Nonsignificant reduction
in the number of
medications

Nonsignificant reduction in
falls

Abbreviations: ADRs, adverse drug reactions; GEM, geriatric evaluation and management.
a N refers to number of patient participants.
b Sample size for patient participants not available.
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249Deprescribing Trials
using electronic medical records-based interventions to reduce medication exposure,
and the impact on prescribing and outcomes in older adults.

EFFECTIVENESS OF TRIALS TO REDUCE MEDICATION EXPOSURE

Assessing the effectiveness of a range of interventions on prescribing and clinical
benefits is challenging because of the range of outcomes measured across studies,
as well as differences in the study designs, settings, and types of interventions
(Fig. 2). While in some studies the main outcome measure was the surrogate
outcome of the change in number of medications, other studies selected more
clinically relevant outcomes such as hospitalizations, falls, or mortality. Selecting
appropriate clinical outcome measures may be the key to significant changes in
medication-related outcomes.57 Associations between medication exposure and

linical outcomes may differ between older people from different settings, with
ignificant differences even observed between studies in different residential aged
are facilities.58 A reduction in number of medications may not be the most

appropriate outcome, because this reflects the quantity not the quality of
prescribing and does not reflect the need for clinically indicated medications.6 The
ack of effect of interventions may be due to the methods used to collect outcome
ata and duration of follow-up. For example, recording outcome data from nursing
ome records may result in misclassification of outcomes, because it may be
ifficult to establish the causal relationship between medications and these
utcomes.39,53 Two or 3 months of follow-up may not provide evidence on the

long-term impact of the interventions.40,50

The type of the intervention appears to affect the outcome in some studies. For
instance, multidisciplinary interventions,47,52 personal contact, or academic detailing

ith the physician46 seem to demonstrate more significant impact on reducing
prescribing than providing educational material alone. However, multidisciplinary
interventions may be resource intensive, and it may be difficult to implement such
interventions at the population level. To make these interventions more applicable and
generalizable between health professionals and across different settings, the risk
assessment tools based on the drugs or drug classes known to increase the risk of
adverse events could be used to identify medicines to stop in older adults.18,59 The
inclusion of such risk assessment tools may improve the process of identifying those
patients most at risk of the adverse effects of polypharmacy.60

SUMMARY

Different styles of interventions can reduce medication exposure in older adults.
However, the evidence for their clinical effectiveness and sustainability is conflicting
and lacking. There are some data to guide clinicians on which medicines are more
likely to be inappropriate in older people, which medicines are more likely to cause
ADWEs, and which medicines should be tapered slowly rather than stopped. To
reduce the likelihood of clinically significant adverse events, clinicians should under-
take a step-wise approach to discontinuing medications and do so under appropriate
supervision. Further research to determine the most effective ways to discontinue
medications, and to provide a better understanding of the clinical benefits of various
interventions is required. Large RCTs evaluating multidisciplinary interventions and
clinical outcomes of changes in medicines regimen across different settings are

required to confirm the findings of the studies performed so far.
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