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Abstract inappropriate prescribing of medicines may lead to a significant risk of an
adverse drug-related event. In particular, prescribing may be regarded as
inappropriate when alternative therapy that is either more effective or associ-
ated with a lower risk exists to treat the same condition. This review aims to
identify interventions and strategies that can significantly reduce inappropri-
ate prescribing in the elderly. The review is based on a search of electronic
databases using synonyms of keywords such as 'elderly', 'interventions',
'optimized prescribing' and 'inappropriate prescribing' to identify reported
interventions intended to improve inappropriate prescribing in the elderly. A
total of 711 articles published in English were retrieved and considered. Of
these, 24 original studies, involving 56 to 124 802 participants, met the inclusion
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criteria and were included in the systematic review. In 16 studies, the statis-
tical power used to assess the impact of the intervention was >90% at a sig-
nificance level of a =0.05.

Various interventions were included in this study, such as educational
interventions, medication reviews, geriatricians' services, multidisciplinary
teams, computerized support systems, regulatory policies and multi-faceted
approaches. Because of variability in assessment methodologies, mixed re-
sponses were found for education interventions aimed at improving in-
appropriate prescribing. For example, some studies did not assess what data
were required to define whether a given level of intervention would be ade-
quate, and others did not consider how many participants would be needed to
demonstrate that a significant difference existed.

Each of the three computerized support system interventions reported
produced a significant enhancement in both prescribing and dispensing
practices. Pharmacist interventions in community and hospital settings were
evaluated in seven studies. However, variable criteria were used, with two
studies using the Medication Appropriateness Index, another two studies
using self-designed criteria for inappropriate prescribing, and the remaining
three studies using Beers' criteria. A difficulty in assessing studies involving
nursing home residents is that both consultant pharmacists and onsite phar-
macist services may be involved, and, in one ofthe studies, only the role ofthe
consultant pharmacist was considered. One of the most effective interven-
tions appeared to be multidisciplinary case conferences involving a geria-
trician, which resulted in a number of examples of reduced inappropriate
prescribing in both community and hospital settings. As the effect of reg-
ulatory policies as an intervention is dependent on the target population
involved, the effectiveness of this type of intervention was variable.

Different strategies may be useful in reducing inappropriate prescribing in
the elderly. It is not clear whether combined strategies undertaken simulta-
neously have a synergistic effect.

Inappropriate prescribing encompasses the concomitant disease processes and therefore may
use of medicines that introduce a significant risk have an increased risk of adverse drug reactions,
of an adverse drug-related event. In particular, drug-drug interactions and drug-disease interac-
there may be equally effective or more effective tions.I'^ Hence, whilst 12.6% of the US popula-
therapies that incur a lower risk for treating the tion are aged >65 years, they account for 33.6% of
same condition.''! In addition to inappropriate reported serious adverse events.'''^ Inappropriate
prescribing, suboptimal use of medications, such medication is therefore one ofthe main causes of
as prescribing iron supplements to older anaemic adverse drug reactions in elderly patients.'^-^^
patients, may also lead to a worsening of patient Improving prescribing quality for older people
outcomes that can be rectified by appropriate means reducing irrational and inappropriate pre-
education, review and alterations in medicine use scribing, thereby resulting in better health out-
behaviour.f^'-'' People aged >65 years are more comes. Accordingly, appropriate assessment tools
vulnerable to medical misadventures, as they are key elements in defining whether an effective
have a higher prevalence of chronic illness, dis- change in prescribing has occurred. Desirably,
ability and dependency than younger people, such tools should also be inexpensive, user-friendly
Older individuals are also more likely to be taking and aimed at assisting clinical judgement in medi-
several medicines at once (polypharmacy) to treat cation selection for the elderly and reducing
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inappropriate prescribing. At present there are only
two well described assessment tools for inappro-
priate prescribing in elderly people in the scientific
literature that are aimed at regular clinical use, i.e.
Beers' criteria'^ and the improved Inappropriate
Prescribing in the Elderly Tool (IPET).^ Another
prescribing quality assessment tool, the Medica-
tion Appropriateness Index (MAI),^'^ which mea-
sures overall prescribing quality in ten separate
but interrelated domains, does not give precise
guidance in relation to specific medicines and
therefore has limited application for objectively
defining inappropriate prescribing. Beers' criteria,
published in 1991, is the most widely used instru-
ment, with IPET used to a lesser extent.t'^'

Three versions of Beers' criteria have appeared
to date. The original version was published in
1991 and was developed to identify rates of in-
appropriate prescribing of certain medications in
elderly nursing home populations.'^^ It involved
an explicit list of 26 drugs that was agreed to by a
consensus panel. A subsequent review of Beers'
criteria resulted in the publication of revised
Beers' criteria in 1997 for inappropriate medica-
tions that included drug-drug interactions and
drug-disease interactions.!"' The list of medica-
tions was amended to include more than 50 drugs.
The list was subsequently revised again on the
basis of the findings of a national consensus panel
and reported in 2003.ti21 IPET, sometimes
referred to as the 'Canadian Criteria', consists of
a list of the 14 most prevalent prescription errors
identified from an extensive list of inappropriate
prescription instances drawn up by an expert
Canadian Consensus Panel.t'^1

Various studies have used either adapted or
modified criteria according to their research re-
quirements. For instance, in the US, Beers' cri-
teria''''1 have been used to define inappropriate
drugs for the elderly regardless of their place of
residence (community or nursing homes). Recently,
Beers' criteria have been used in several pharma-
co-epidemiological studies conducted in Europe;
however, many of the drugs to be avoided on that
list are not regularly used in Scandinavia. This is
why, for example, the Swedish National Board of
Health and Welfare has published a correspond-
ing list tailored to its setting.t'^1

The problem of inappropriate prescribing of
medications to older people is widely acknowl-
edged. A recent cross-sectional survey of nursing
home records in Australia using Beers' criteria
demonstrated that 18.5% of residents were pre-
scribed one or more inappropriate medications
and 1.5% of residents were prescribed two or
more.f'^1 Another study determined that 21.3% of
community-dwelling elderly patients in the US re-
ceived at least one of 33 potentially inappropriate
medications.!'^ Data from Canada suggest that
40% of residents in aged care facilities are taking at
least one inappropriate drug, with 10% receiving
two or more inappropriate medication orders
concurrently.!'^' A retrospective cross-sectional
study of 2907 elderly patients from eight European
countries that analysed use of at least one poten-
tially inappropriate medication according to Beers'
and McLeod's!^' criteria separately and combined
documented prevalence rates ranging from 41.1%
in the Czech Republic to 5.8% in Denmark.!'^'

In Australia, there are a number of indicators of
inappropriate drug use. These include the large
quantities of unused medicines collected in the
'Return of Unwanted Medicines' campaign^"' and.
studies showing that between 5.7% and 16.6% of all
hospital admissions are drug-related events.^'-^^'
Further, the South Australian Community Phar-
macy Model Practices Project, which aimed to
identify and solve medication-related problems and
to provide follow-up services to manage medica-
tions, showed that, at entry to the project, 90% of
patients at high risk of medication misadventure
(usually those taking more than four medications)
had unresolved health or medication problems,
two-thirds of which were medication related.P^'

Various methods/interventions to decrease in-
appropriate prescribing have been proposed. A
systematic review by Garcia specified five ways
to reduce inappropriate prescribing in the elderly:
(i) obtain pharmacist recommendations; (ii) use
computerized alerts; (iii) review patient medi-
cations; (iv) consider using Beers' criteria; and
(v) educate patients to improve compliance.!^'*'
Patient education to improve medication com-
pliance reduces polypharmacy and, therefore,
leads to reductions in inappropriate prescribing
and adverse events. Furthermore, it has been
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suggested that greater involvement of pharmacists
in patient management lessens hazards and reduces
costs. The second community pharmacy agree-
ment in Australia initially funded residential
medication management reviews for all perma-
nent residents of accredited aged care facilities.
Subsequently, the third community pharmacy
agreement in 2000 provided remuneration for
pharmacists to conduct medication management
reviews in a community setting and to provide
consumer medicine information.!^^!

The most important criteria for judging the
appropriateness of prescriptions are: (i) the pa-
tient's expectation; (ii) scientific and technical
rationalism (including the clinical pharmacology
of the medicine); and (iii) the general good. The
term 'appropriateness' in this review takes into
consideration only the scientific and technical
rationalism of prescription.!^ '̂ The authors be-
lieve this review will increase awareness of, and
insight into, the importance of preventing in-
appropriate prescribing in the elderly. The aim of
the review is to identify interventions and strate-
gies that can significantly reduce inappropriate
prescribing in the elderly.

1. Literature Search Methodology
and Article Selection

The following electronic databases were sear-
ched: PubMed (1966 to September 2008), Coch-
rane databases (1996 to September 2008),
International Pharmaceutical Abstracts (1970 to
September 2008), EMBASE (1966 to September
2008) and CINAHL (1982 to September 2008).
These databases were searched using synonyms
of keywords such as 'elderly', 'interventions',
'optimizing prescribing' and 'inappropriate pre-
scribing'. Reference lists of retrieved articles were
checked for additional studies not identified in
the original database searches.

1.1 Inclusion Criteria

Studies published in English that reported inter-
ventions intended to improve inappropriate pre-
scribing in the elderly were considered. Patients
aged >65 years were considered as elderly and all

studies with an average patient age >65 years
were included in the review. Various interventions
such as educational intervention, medication re-
views, geriatricians' services, multidisciplinary
teams, computerized support systems and regula-
tory policies were included. The following study
designs were also included: randomized controlled
trials, prospective studies, cohort studies, surveys,
and retrospective and prospective case series.

1.2 Exclusion Criterion

If the abstract clearly indicated that the study
did not relate to an intervention intended to im-
prove inappropriate prescribing, the study was
excluded at that point.

1.3 Assessment of Study Quaiity

All studies were classified according to type of
intervention used to reduce inappropriate pre-
scribing. The studies were evaluated on the basis
of study design, sample size, intervention type,
outcome measures, and significant outcomes.

2. Findings

2.1 Popuiation Demographics in
Retrieved Articles

A total of 711 articles were retrieved, of which
24 met the inclusion criteria and avoided the ex-
clusion criterion and were therefore included in
the review (figure 1). The number of participants
in these studies ranged from 56 to 124 802, and
18 studies had a statistical power >90% with a
significance level of a=0.05 to show the impact
of the intervention used.

This review includes elderly populations from
different healthcare settings. Ten studies were
conducted in outpatient settings,'̂ ^"^ '̂ eight were
from nursing homes, hospitals and residential
aged care facilities,''̂ '̂ ^"''̂ ' and three compared
inappropriate drug prescribing on admission to
hospital, at discharge and at follow-up of patients
after dischargeJ"* "̂̂ '̂ One study compared pa-
tients in the community versus those in nursing
homes,'" '̂ and another included patients transfer-
ring from hospital to a long-term care facility.t'**'
An additional study included both inpatients
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Database
PubMed(1966-Sep2008)
Cochrane (1996-Sep 2008)
International Phannaceutlcal
Abstracts (1970-Sep 2008)
EMBASE (1966-Sep 2008)
CINAHL(1982-Sep2008)

Search terms
Elderly
Older adults
Geriatrics
Inappropriate
Prescribing
Interventions
Optimizing prescription

1

Inclusion criteria
Study group: eideriy (aged >65 years)
Intervention: any intervention to improve
inappropriate prescribing
Outcome: inappropriate prescribing

Papers exciuded: 687
Did not nieet inciusion criteria

I 24 papers inciuded |

Fig. 1. Schematic diagram of the iiterature search,

and outpatients from the geriatric unit of a US
Veterans Affairs hospital.f'''l The mean age of all
patients ranged from 69 to 85 years. However, five
studies did not mention an average age of pa-
tients, although all of these studies provided an
age range: two studiesP^'''^ mentioned that patients
aged >65 years were included, two studiest̂ '̂̂ "*'
mentioned elderly patients were included and one

' referred to patients aged >75 years.

2.2 Criteria for Inappropriate Prescribing

Various process measures were used to identify
inappropriate prescribing. Eleven of the 24 studies
used self-developed or adapted criteria to identify
inappropriate medications;P7>28,30,31,33-35,37,43,45,46]

all other studies appeared to use robust and
validated criteria. These included Beers' criteria
(seven studies)," ̂ '36'39-41,44,47] jjjg jy^^j (fQyr 5ty.
dies),[29,38,48,49] ^nd a combination of Beers', MAI,
Assessing Care of Vulnerable Elders (ACOVE) and
the Zhan and Kaiser criteria (two studiesj.P '̂"* '̂

2.3 interventions Used

The 24 studies that met the criteria for inclusion
in the review contained seven different categories
of intervention (figure 2). An educational inter-

vention was used in four
three used a computerized support system,!
seven were based on pharmacist interven-
jÍQjj[29,39,4o,44-46,48] ^^d a geHatric medicine ser-
vice approach was undertaken in a further three
investigations.t^^''*'''*^' A multidisciplinary team
approach, which consisted of a geriatrician or
physician and other healthcare providers with
specialized geriatrics training (e.g. nurse, phar-
macist and psychiatrists), was used in three
included studies.t27.42,43] ^^ i l e a further three
studies evaluated the effects of various regulatory
policies developed to decrease inappropriate in-
terventions in the elderly,!'^•^'•''''1 only one investi-
gation that used a multi-faceted approach (i.e. a
combination of various types of interventions)
was available for inclusion in the review.'^'*'

2.4 Educationai interventions

Continuing medical education was the most
common educational intervention and utilized
various techniques, including interactive teaching
complemented by a decision algorithm, mailed
educational material combined with individualized
feedback, and face-to-face visits to physicians.
Educational interventions had mixed impacts
on inappropriate prescribing (table I). The study
by Rahme et al.f̂ '̂ showed that interactive
workshops had more impact on prescribing of
NSAIDs to elderly patients than presenting a
physician with a decision algorithm. Presenting
general practitioners (GPs) with both the decision
algorithm and interactive workshops increased
the odds ratio (OR) of impacting on prescribing
NSAIDs to elderly patients to 1.5 (95% CI 0.9,
2.3). However, Batuwitage et al.P*' showed that
discussing the results of an audit of prescription
of proton pump inhibitors with GPs had no
impact on the rates of prescribing proton pump
inhibitors.

The best means of promoting adherence to
expected recommendations has yet to be de-
termined. Passive dissemination of guidelines to
physicians (i.e. circulation of letters discussing
the results of an audit) was not effective. Pimlott
et al.'^'l provided physicians with feedback on
audit data plus evidence-based education sheets

© 2009 Adis Data Information BV. Aii rights reserved. Drugs Aging 2009; 26 (12)
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I— Unsuccessful interventions

Educational interventions
• Audit results together with NICE

guidelines mailed to GP
(n = 271)

• Feedback about prescribing with
evidence mailed to GP

Regulatory policies
• Inclusion of list of inappropriate

medications in drug use review
protocol (n = 2242)

f^ulti-faceted approach
• Combining age-specific

computerized alerts with academic
detailing (n = 24 119, p = 0.75)

Successfuljnterventions

Educational interventions
• Small group workshop, use of decision tree or

combination of both (n = 82)
• Three-step approach of quarterly reports, biannual onsite

visits and annual meetings (n = 124 802, p == 0.001)

Computerized support system
• l^edication alert to pharmacist while dispensing

(n = 29 840, p = 0.002)
• Computerized alerts triggering telephone call to physician

by pharmacist (n = 23 269, p < 0.001)
• Computerized decision support system for physician

(n = 6284)

Pharmacist interventions
• Medication review (n = 80, p = 0.0002; n = 113,

p = 0.01;n = 168,p<0.0001)
• Pharmacist coordinated transition from hospital to

long-term care facilities (n = 56, 0 = 0.007)
• Pharmacist consultation to patients and physician

(n = 99, p < 0.02; n = 456)

Geriatric medicine services
• Muitidisciplinary case conferences (n = 154, p < 0.001)
• Muitidisciplinary teamwork by geriatrician, pharmacist,

nurse and social worker (n = 430, p < 0.0001 ; n = 254)

Muitidisciplinary teamwork
• Pharmaceutical care provided by pharmacist who had

direct contact with GEMU (n = 203)
• Case conferences (n = 136, p = 0.049)
• Presentation of feedback of intemal audit at

muitidisciplinary staff meetings (n = 1301, p = 0.002)

Regulatory policies
• PBS restriction of Inappropriate drugs

(n = 998, p< 0.001)
• Mandated phamnacy services in nursing homes

(n = 58 719, p< 0.001)

Fig. 2. Types of interventions used to reduce inappropriate prescribing. GEMU = geriatric evaluation and management unit; GP = general
practitioner; NICE = National Institute for Health and Clinical Excellence; PBS = Pharmaceutical Benefits Scheme.

in an attempt to reduce benzodiazepine use in the
elderly but found that this had no clinically sig-
nificant impact on benzodiazepine prescribing.
Wessell et alJ^ '̂ used a three-step approach in-
volving quarterly reports, biannual onsite visits
and annual network meetings, and showed that
always inappropriate and rarely appropriate'

medication use decreased over time in this prac-
tice-based network study.

2.5 Computerized Support Systems

Three studies evaluated use of a computer-
ized support system to reduce inappropriate

1 In 1996, the US Medical Expenditure Panel survey divided 33 medications from Beers' criteria into 'always
inappropriate', 'rarely appropriate' and 'appropriate for some indications'.

© 2009 Adis Data Information BV. Aii rights reserved. Drugs Aging 2009:26 (12)
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prescribing (table II). Computerized support was
used at two different levels: at the prescribing le-
vel (computerized decision-making support) and
at the pharmacy level (medication alerts/warnings
when patients have newly prescribed inappro-
priate medications). A randomized, controlled
trial conducted by Raebel et al.t-'̂ ' demonstrated
the effectiveness of a computerized pharmacy
alert system plus collaboration between health-
care professionals for decreasing potentially
inappropriate medication dispensing in elderly
patients. Another study'̂ '̂ showed that computer-
based access to complete drug profiles and alerts
about potential prescribing problems reduced the
occurrence of potentially inappropriate prescrip-
tions. However, there was a more selective effect
on the discontinuation of such prescriptions.
Further, one studyf̂ "' identified potentially in-
appropriate drug use in the elderly through a
computerized online drug utilization review.
A computer alert prompted pharmacists to call
the physician to discuss a potential problem and

any therapeutic substitution options. This study
demonstrated that this type of intervention can
improve suboptimal medication use in the elderly.

2.6 Pharmacist-Based Interventions

Interventions by a pharmacist to influence the
prescribing habits of physicians have taken sev-
eral forms (table III). Active campaigns by
pharmacists have sought to alter prescribing in
specific areas, and pharmacists have also con-
tributed to establishing drug information services
and evidence that doctors find useful. Further-
more, prescription monitoring by pharmacists
has led to the amendment of prescriptions that
are unclear, erroneous, inadequate or inappropri-
ate.t̂ *̂ ! A study by Hanlon et al.̂ -̂ '̂ demonstrated
that a clinical pharmacist providing pharmaceu-
tical care for the elderly with polypharmacy in a
primary care setting can reduce inappropriate
prescribing and possibly avoid adverse drug ef-
fects without adversely affecting health-related

Table I. Effects of continuing medical education on inappropriate prescribing in the eideriy

Study
(year)

Study design Number of
physicians

Intervention type Outcome measures Significant outcomes

Pimictt
et al.P'l
(2003)

Rahme
et al.I^l
(2005)

Batuwitage
et ai.P8)
(2007)

Wessen
etal.1361
(2008)

Randomized
controiled
design

Retrospective
assessment of
prescriptions

Prospective
study

Prospective
study

Intervention
168, controi
206

Intervention
167, controi
82

Intervention
271, controi
66

Patients
124802

Maiied pacl^ages of
feedbaci« about participants'
prescribing together with
evidence-based education
material

Three interventions:
smail group workshop;
decision tree reflecting
current evidence based
guidelines; smali group
plus decision tree

Resuits of pre-intervention
audits were discussed and
findings together with NICE
guidelines sent to aii GPs

Three-step intervention;
quarteriy practice
performance reports then
biannuai onsite visits and
finaiiy annual meetings

Prescriptions of iong-
acting BZD

Score of 0 or 1 was
given to prescriptions
according to decision
tree

Number of patients
receiving inappropriate
prescription for proton
pump inhibitors

Proportion of elderly
prescribed with 'aiways
inappropriate' and
'rarely inappropriate'
medications

Long-acting BZD prescriptions
decreased by 0.7% in intervention
group and increased by 1.1 % in
control group (p=0.036), which
was dinicaiiy insignificant

The probabiiity of an improvement
in wori<shop and decision group
over control was 94% [OR 1.5
(95% CI 0.9, 2.3)], compared with
74% [OR 1.3 (95% Ci 0.6, 2.4)] in
the wori<shop group and 55%
[OR 1.1 (95% CI 0.6,1.6)1 in the
decision tree group
No effect on proportion of patients
taking proton pump inhibitors at
the time of hospitai admission or
on the appropriateness of
prescribing in the community
The adjusted absolute annuai
deciine for the comprehensive
categories of 'always
inappropriate' medications was
0.018% (p=0.03) and for 'rarely
appropriate' medications was
0.113% (p=0.001)

BZD=benzodiazepine; GPs=general practitioners; NICE = Nationai institute of Heaith and Clinical Exceiience; OR = odds ratio.
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Table II. Effects of computerized support systems on reducing inappropriate prescribing in the elderly

Study
(year)

Study design Sample size Intervention type Outcome measures Significant outcomes

Raebel
et ai.l32l
(2007)

Monane
et ai.l^oi
(1998)

Tambiyn
et ai.>==i
(2003)

Randomized
controlied
trial

Cohort
design

Cluster-
randomized
control
design

Intervention
29840,
usuai care
29840

Patients
23269

Intervention
6284,
controi 6276

Medication alert to
pharmacist regarding
inappropriate
prescription

Computerized alerts
triggered teiephone
cali to physician by
pharmacist

Physician provided
with computerized
decision support
system

Number of inappropriate
medications dispensed to
elderiy during intervention
period of 1 year

Contact rate with physician
and change rate to
suggested drug regimen
over 1-year period

Initiation and
discontinuation rates of
inappropriate prescriptions

Newiy dispensed prescriptions for
inappropriate medications were 1.8% for
intervention group and 2.2% in usual care
group (p = 0.002)

Contact rate for reaching the physician
was 56% and rate of change to a more
appropriate therapeutic agent was 24%
(p< 0.001, except for ß-adrenoceptor
antagonist)

Number of new inappropriate
prescriptions was significantly iower
compared with control group [RR = 0.82
(95% CI 0.69, 0.98)]

RR=reiative risk.

quality of life. Lipton et al.t'*̂ ! showed similar
results when a pharmacist consulted with patients
and their physician at discharge from hospital
and at periodic intervals post-discharge in an
outpatient setting.

In a prospective case series''"'' of 456 residents
of assisted living facilities, consultant pharma-
cists studied the prevalence of potentially in-
appropriate medications based on Beers' criteria
and faxed recommendation letters to physicians
for consideration. This intervention led to sig-
nificant decreases in inappropriate prescribing.
Moreover, the intervention presented an oppor-
tunity for pharmacists to educate physicians on
the risks of using medications that may be po-
tentially inappropriate for geriatric patients.
Krska et al.t'*̂ ^ showed that pharmacist-led med-
ication reviews have the capacity to identify and
resolve pharmaceutical care issues, with a con-
sequent reduction in appropriate prescriptions.

Brown and Earnhart''*''' compared the pre-
valence of inappropriately prescribed medica-
tions using Beers' criteria in elderly patients upon
admission and at discharge from a teaching hos-
pital. Their work showed that medication review
by the pharmacist in an acute care team for the
elderly reduced the number of patients being
prescribed inappropriate medications upon dis-
charge compared with admission medication
regimens.

Elderly patients transferring from hospital to a
long-term care facility are vulnerable to frag-

mentation of care and adverse events. In one
study, use of a pharmacist transition coordinator
was shown to improve aspects of inappropriate
use of medicines across health sectors.̂ '**'

A survey of a nationally representative sample
of nursing homes and residents in Baltimore,
MD, USA, studied the prevalence of inappro-
priate medication prescribing and found that the
presence of a consultant pharmacist had no effect
on potentially inappropriate prescriptions.'̂ '̂ How-
ever, the extent of the onsite pharmacists' role
was not specified in this study and it is therefore
uncertain whether this finding adequately refiects
the effectiveness of a consultant pharmacist on
the quality of prescribing in nursing homes.

2.7 Geriatric Medicine Seivices

Studies that utilize specialist geriatric medicine
services designed to meet the special needs of el-
derly people and improve the appropriate pre-
scribing in the elderly are outlined in table IV.
Schmader et al.''* '̂ showed that, compared with
usual care, outpatient geriatric evaluation and
management reduces serious adverse drug reac-
tions, and inpatient and outpatient geriatric
evaluation and management reduces suboptimal
prescribing, in frail elderly patients. Similarly,
muitidiscipiinary case conferences involving GPs,
geriatricians, pharmacists and residential care
staff reduce the use of inappropriate medications
in residential t '

© 2009 Adis Data Information BV. Ali rights resetvod. Drugs Aging 2009; 26 (12)
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Another study showed that patients treated
in a geriatrics evaluation and management unit
(GEMU) had a statistically insignificant differ-

ence in appropriateness of drug profiles com-
pared with patients in general wards, in terms of
prescription of fewer drugs with anticholinergic

Table III. Effects of interventions by pharmacists on reducing inappropriate prescribing in the eideriy

Study
(year)

Study design Sampie size Intervention type Outcome measures Significant outcomes

Hanlon
et ai.l2«l
(1996)

Crotty
et al.W
(2004)

Upton
et ai.i"«!
(1992)

Krska
et ai.i''=i
(2001)

Randomized
controlied trial

Randomized
controiled triai

Randomized
controlied trial

Randomized
controlied trial

Intervention
88, control 80

Intervention
56, control 54

Experimental
123, control
113

Intervention
168, controi
164

Medication review and
written recommendations
to physician

Medication management
transfer summary and
medication review by
community pharmacist
foliowed by case
conference

Medication review at
hospitai discharge and at
periodic intervais for 3
months post discharge

Medication review

Prescribing
appropriateness (MAI)

MAI

Major prescribing problems;
scheduiing.
appropriateness, dosage
and omitted but necessary
therapy

Resolution of
pharmaceutical care issues
and health-related quality of
life

Lau et ai.P^l Survey
(2004)

Intervention
1588, control
1814

Weekly onsite availabiiity
of consultant pharmacist

Brown and Retrospective 99
Earnhart''"' case series
(2004)

Rhoads and Prospective
Thai'*"' case series
(2003)

456

ACE team pharmacist
consuited all patients

Consultant pharmacist
identified potentially
inappropriate medications
and faxed
recommendation ietters to
physician

Relationship between
resident and facility
characteristics and
potentially inappropriate
medication

Prevalence of
inappropriately prescribed
medications according to
Beers' criteria

Prevalence of inappropriate
medications based on
Beers' criteria and physician
acceptance and return rate
of recommendations

MAI declined significantly in
interventions vs control group
at 3 months (24% vs 6%;
p = 0.0006) and 12 months
(28%vs5%;p=0.0002)

At 8-week follow-up, the mean
MAI was significantly lower in
the intervention group than in
the controi group (2.5 [95% CI
1.4, 3.7] vs 6.5 [95% CI 3.9,
9.1];p=0.007)
Overall appropriateness of
prescribing score differed
significantly between
experimental (meantSE
0.59±0.05) and control
(0.76 ±0.05) group (p = 0.01)
Inappropriate dosage regimen
was found in 5.7% of
intervention group and was
resolved in 78.3% cases,
whereas, in the control group,
inappropriate dosage regimen
was found in 6.5% and was
resolved in oniy 17.9% cases
(p< 0.0001)

No significant reiationship
between potentialiy
inappropriate medication and
weekly onsite availability of
consultant pharmacist. For
intervention group, OR 0.96
(95% CI 0.81,1.14) and for
controi group, OR 1.00
(95% CI 1.00, 1.00)
Upon admission, 10.1% were
prescribed inappropriate
medicines compared with
2.02% on discharge (p<0.02)

31.6% prescribed one or more
routine or as-required
medications considered
potentially inappropriate. Of
these, 16.7% were
discontinued after pharmacist
recommendations. The overall
return rate of all faxed
recommendations was 88.7%

ACE=Acute Care for Elders; MAI - Medication Appropriateness Index; OR = odds ratio; SE=standard error.
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Table IV. Effeets of geriatric medicine services on reducing inappropriate prescribing in the eideriy

Study
(year)

Study design Sample size Intervention type Outcome measures Significant outcomes

Schmader Randomized Intervention Multidisciplinary geriatric team
et ai,i^^l controiled 430, controi care including a geriatrician,
(2004) trial 404 social worker and nurse for

inpatients and outpatients

Crotty

(2004)

Saitvedt
et al,l'"I
(2005)

Randomized Residents
controlled 154
triai

Two multidiscipiinary case
conferences (inciuding a
geriatrician, GP, pharmacist
and residential care staff)

Randomized Patients 254 Multidisciplinary geriatric team
trial care inciuding a geriatrician

Adverse drug
reactions and
inappropriate drug
use (MAi and Beers'
criteria)

MAI

Inappropriate drug
prescribing
according to Beers'
criteria

GEMU was associated with
significant reductions (p<0,05) in the
number of unnecessary drugs, MAI
score and number of inappropriate
drugs

Medication appropriateness improved
in the intervention group (MAI mean
change 4,1 [95% CI 2,1, 6,1])
compared with control group (MAI
mean change 0,4 [95% CI -0,4,1,2];
p< 0,001)

13(10%) GEMU patients and 12 (9%)
medical ward patients prescribed
inappropriate medications at inclusion
compared with (4%) GEMU patients
and 7 (6%) medicai ward patients at
discharge (statisticaliy insignificant
differences)

GEMU=geriatric evaluation and management unit; GP = gênerai practitioner; MAI = Medication Appropriateness Index,

effects, psychotropic drugs and cardiovascular

2.8 Multidisciplinary Team Reviev\/s

Three studies evaluated the effect of multi-
disciplinary teamwork in improving inappro-
priate medication prescribing in the elderly
(table V). Allard et al.'^l tested the effectiveness
of a team comprising pharmacist/physician pairs
and a nurse, and found no effect on the pre-
scribing of potentially inappropriate prescrip-
tions. In another study, pharmaceutical care by a
pharmacist who had direct contacts with the
GEMU team and patients improved the appro-
priate use of medicines during the hospital stay
and after discharge.!'* '̂ A multidisciplinary inter-
ventionl''^' based on audit and feedback at multi-
disciplinary meetings also improved prescribing:
the impact was evident 6 months after the inter-
vention ceased.

2.9 Regulatory Policies

Various regulatory policies have been devel-
oped to improve inappropriate prescribing in the
elderly (table VI). Provision of pharmacy services
is mandated in nursing homes in Canada, where a
retrospective cohort studyt'* !̂ showed that poten-

tially inappropriate drug therapy in the 'always
avoid' and 'rarely indicated' categories was dis-
pensed less frequently to nursing home residents
than to older community-dwelling adults. In
the US, the Centers for Medicare and Medicaid
Services have expanded the drug use review
protocol of nursing homes to include a list of
inappropriate medications. When data were col-
lected from 3 years of the Medicare Current
Beneficiary Survey,P l̂ multivariate analysis
detected no post-policy differences in in-
appropriate medications between long-term care
facilities with mandatory drug use reviews and
those without such reviews. However, another
studyt'̂ ^ conducted by the current authors' group
that examined the impact of Australia's national
scheme of subsidizing medicines on inappropriate
prescribing found that the level of Pharmaceutical
Benefits Scheme (PBS) restriction and the percen-
tage of residents prescribed medication were highly
correlated. Increases in the level of PBS restriction
were associated with a decrease in the prevalence of
inappropriate prescribing.

2.10 Multi-Faceted Interventions

The multi-faceted approach combines a num-
ber of techniques within a single intervention.
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It has heen ohserved that providing the prescriher
with a real-time computerized drug alert con-
cerning potentially inappropriate medicines in
the elderly results in a decrease in inappropriate
prescribing.[ '̂1 Simon et alĴ '*' analysed the effect
of age-specific computerized alerts alone and in
combination with intensive education outreach
or academic detailing (tahle VII). Age-specific
alerts resulted in a continuation of the effects of
drug-specific alerts without measurable addi-
tional effect, hut use of age-specific alerts also
resulted in fewer false positive alerts for clin-
icians. Group academic detailing did not enhance
the effect of the alerts.

3. Discussion

The optimization of therapy for an individual
patient is not a straightforward process, and de-
pends on patient needs and co-morbidities. A
major difficulty in optimizing drug therapy for
patients is that most data have heen derived from
randomized controlled studies involving a single
drug, and such trials do not always take into ac-
count the confounding effects of various co-
morbidities and patient preferences. Accordingly,
approaches for optimizing prescribing in younger
patients might not be applicable to frail elderly
patients. Elderly patients usually have several co-

morbidities such as hypertension, myocardial in-
farction, depression, diabetes mellitus and osteo-
porosis, which leads to polypharmacy. The
objectives of treatment in elderly patients differ
from those in younger adults,t̂ l̂ which means
implementation of guidelines for specific chronic
disorders is also not always suited to this popu-
lation. The randomized controlled trials on which
the recommendations and guidelines are based
provide evidence of modest reductions in the re-
lative risk of the disease-specific outcomes that
are associated with individual medications, and
sometimes with combinations of medications.
Older patients and those with multiple health
conditions have been excluded from many evi-
dence-generating randomized controlled trials,
which means the generalizahility of the results of
these trials to the types of patients who have been
excluded from them remains unknown for many
medications.'^^'

The studies involving educational interventions
showed mixed effects on inappropriate prescrib-
ing in the elderly. All four studies used different
types of educational interventions and different
drug categories, which impacts on the likely ef-
fectiveness of these interventions. For instance,
Pimlott et al.I '̂l studied chronic benzodiazepine
prescribing, but we know that physician pre-
ferences are easier to change for one-time-only

Table V. Effects of muitidisciplinary teamwork on reducing inappropriate prescribing in the eideriy

study

Allard
et al.'^^
(2001)

Spinewine
et al.i''^!
(2007)

Elliott
et al.'"^'
(2001)

Study design

Randomized
controlled
trial

! Randomized
controiied
triai

Ouasi-
experimental
sfudy

ACOVE = Assessing Care

Sample size

Experimental
136, control
130

Patients 203

Pafients 1301

of Vuinerable

Intervention fype

Team of 2 physicians.
pharmacist and a nurse
reviewed drug regimen in
case conference

Pharmaceuticai care
provided by clinical
pharmacist who had
direcf contacts with
GEMU team and pafients

Muitidiscipiinary
feedback on quaiity of
BZD use

Outcome measures

Number of PI Ps

Appropriateness of
prescribing af admission.
discharge and 3 monfhs after
discharge using MAI, Beers'
criteria and ACOVE

Prevaience and
appropriateness of BZD
prescriptions

Significant outcomes

In infent-to-treaf anaiysis, the OR
of the expérimentai group not
having a PIP after intervention
was 1.83 (95% CI 0.94, 3.57)

Intervention patients significantly
more likeiy than control pafients
fo have improvements in MAI
(OR 9.1 [95% CI 4.2, 21.6]),
Beers' criteria (OR 0.6 [95% CI
0.3, 1.1]) and ACOVE underuse
criteria (OR 6.1 [95% CI 2.2,
17.0])

6 months after feedback.
appropriateness of prescribing
improved compared with
baseline (50%; p=0.002)

Elders; BZD - benzodiazepine; GEMU-geriatric evaiuatlon and management unit;
MAI = Medication Appropriateness Index; OR=odds ratio; PIP = potentialiy inappropriate prescription.
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Table VI. Effect of regulatory policies on reducing inappropriate prescribing in the eideriy

study
(year)

Lane
et al.t*^
(2004)

Briesacher
et al.'^^
(2005)

King and
Roberts'^^i
(2007)

Study design

Retrospective
cohort study

Quasi-
experimentai
longitudinal
study

Cross-
sectional
survey in
Australia

Sample size

Community
dwelling
1216990,
nursing
homes
58719

Nursing
homes 2242,
assisted
living faciiity
664

Nursing
homes 998

Intervention type

Provision of pharmacy services is
mandated in nursing homes of
Canada. No comparable
programme exists for oider aduits
in community settings

CMS in US expanded drug use
review protocoi to inciude a list of
inappropriate medications
(review usually conducted by the
consultant pharmacist)

Outcome measures

Receipt of at least one
potentiaiiy
inappropriate drug
therapy in 'always
avoid' or 'rareiy
appropriate' category

Prevalence and
incidence of use of
inappropriate
medications

Prevalence of
inappropriate
prescribing defined by
Beers' criteria and
infiuence of PBS

CMS = Centers for Medicare and Medicaid Services; PBS = Pharmaceuticai Benefits Scheme.

Significant outcomes

Potentiaiiy inappropriate drug
therapy iess often dispensed
to nursing home patients than
to oider community-dweliing
patients (2.3% vs 3.3%;
p< 0.001)

Some post-poiicy declines in
nursing home use of
potentially inappropriate
medications noted but
decrease was uneven and
could not be attributed to drug
use reviews

Correlation between levels of
PBS restriction and
percentage of residents
prescribed inappropriate
medications (p=-0.87;
p< 0.001)

drugs such as antibacterials'̂ '*] rather than for
long-term drugs such as benzodiazepines. Fur-
thermore, Batuwitage et al.'̂ '̂ attempted to in-
fluence prescribing of proton pump inhibitors.
These are usually perceived as a harmless and
relatively inexpensive remedy for a chronic pro-
blem, so it is difficult to change physician per-
ceptions about prescribing these drugs. The other
two studies''-''-'^' showed that educational inter-
vention led to improvements in appropriate pre-
scribing. Both studies evaluated comprehensive
educational packages, which included work-
shops, onsite visits and meetings, whereas the
studies by Pimlott et al.'^'l and Batuwitage
et al.t̂ l̂ used only mailed educational pack-
ages. In order to achieve changes in prescribing
behaviour, features such as local participation in
guideline development, clearly defined behavioural
goals, and multi-faceted programmes that enable
and reinforce appropriate prescribing and personal
contact with the prescriber should be included.

All the studies that used a computerized sup-
port intervention showed a positive result, sug-
gesting that these types of interventions can
reduce inappropriate prescribing. Tamblyn et al.^^
illustrated that, even with the magnitude of the
challenge of coordinating healthcare for elderly

patients, improvements were achieved by a com-
puterized support intervention. In this study,
primary care physicians provided only half of all
medical services to their elderly patients, who, on
average, also received prescriptions from at least
three other physicians and filled those prescrip-
tions at several pharmacies. Raebel et al.'̂ l̂
conducted the first randomized study testing an
intervention to decrease potentially inappro-
priate medication prescribing in the elderly in
which the intervention occurred at the point of
medication dispensing. The resource require-
ments for merging computer online databases,
pharmacist intervention and physician involve-
ment continue to be major constraints.

There were various studies in which pharma-
cists conducted medication reviews and provided
suggestions to physicians to improve appropriate
prescribing in the elderly. These results could not
be combined because the inclusion criteria dif-
fered. For instance, Hanlon et al.'̂ '̂ included el-
derly patients with polypharmacy, which could
affect this study's generalizability because as the
number of medications increases, the prevalence
of inappropriate medications also increases.'̂ ^^
The study by Brown and Earnhart'''^' did not in-
clude a control group, so its results could not be
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combined with those of other studies. In the study
by Lau et al.,t̂ '̂ it is uncertain whether measuring
the relationship between potentially inappro-
priate prescriptions and the onsite availability of
a pharmacist adequately reflected the effective-
ness of a consultant pharmacist on the quality of
prescribing in nursing homes. Most of the studies
included routine medications only, but Rhoads
and Thait"*"' included both as-required and rou-
tine medications. The results from all except one
studyf̂ '̂ demonstrated that intervention by a
pharmacist can lead to improvement in inappro-
priate prescribing. The extensive clinical training
of pharmacists has been underutilized, and clin-
ical pharmacists can enhance the appropriateness
of physician's prescribing practices for geriatric
patients.

All of the geriatric medicine service interven-
tions led to improvements in appropriate
prescribing; however, again, all the studies used
different approaches. Schmader et al.''* '̂ used a
muitidiscipiinary team in which the research as-
sistants created a study chart and then inter-
viewed the patients by phone. Patients who were
identified as having drug-related problems were
followed up by either a nurse or a pharmacist.
Crotty et al.'̂ '̂ used muitidiscipiinary case con-
ferences to reduce inappropriate medications in
residential care. Saltvedt et al.''*'' used an inter-
disciplinary approach in which the comprehensive
geriatric assessment and treatment of all relevant
illnesses, with a focus on nutritional status and
drug elimination, was essential. However, this
study did not show statistically significant re-
ductions in inappropriate prescribing. The major
limitation is that it was started only 6 months
after the GEMU was established, with only one
specialist in geriatric medicine employed.

The results of muitidiscipiinary approaches
were mixed. The study by Allard et al.t̂ '̂ did not
find a significant effect, which is possibly attri-
butable to the fact that it involved a single inter-
vention over a 1-year period. During this period,
many events could have occurred over which the
investigators had no control but which may have
had an impact on the drug profile. In addition,
there may have been a lack of consensus between
team members on some questions related to drug
use.

Simon et al.t̂ '*' hypothesized that addressing
barriers to adherence to prescribing alerts
through educational intervention would lead to a
greater reduction in the use of inappropriate
medications. However, the academic detailing
was not focused on the prescribing behaviour but
rather aimed at enhancing clinicians' acceptance
of the prescribing alerts system. This approach
appeared not sufficiently potent to further enhance
the effect of the computerized alerts, and this
multi-faceted approach therefore did not show
any improvement in inappropriate prescribing.

There are some potential limitations of this
review. Some studies (usually with negative find-
ings) may not have been published, and their data
could not be included. A quantitative synthesis
(i.e. meta-analysis) could not be conducted be-
cause the interventions were significantly hetero-
geneous with respect to their settings and outcome
measures.

In addition, this review focused on inappro-
priate prescribing. The actual misuse of medi-
cines by patients is likely to be an even more
important determinant of drug misadventure.
Sorensen et al.,'^' in a randomized, controlled
trial of home medicine reviews by pharmacists,
reported that adverse drug reactions (16.9%),

Table VII. Effects of a multi-faceted approach on reducing inappropriate prescribing in the elderly

Study
(year)

Study design Sample size Intervention type Outcome measures Significant outcomes

Simon Randomized Intervention Age-specific alerts raised at time Number of times target
etal.'^' controlled 24119, of prescribing inappropriate inappropriate
(2006) trial control medication with alternative medications dispensed

26 805 medication suggested. Academic per 10 000 patients per
detailing to clinicians at seven quarter
selected sites

No apparent effect of group
academic detailing intervention and
age-specific alerts compared with
drug-specific alerts on reducing
rates of use of target medication
(p=0.52 and p=0.75, respectively)
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suboptimal monitoring (16.3%) and drugs not
taken as indicated or recommended (12.8%) were
more frequent than inappropriate prescribing,
whereby a disorder is treated with an incorrect
(or suboptimal) drug (9.3%), or an overdosage
or sub-therapeutic dosage of the correct drug
(9.3%).'̂ ] Other issues also exist, such as patients
sharing medicines with their spouse, neighbours
and even their pets,t̂ l̂ lack of any medication
administration routine, therapeutic duplication,
hoarding, confusion between generic and trade
names, multiple prescribers, discontinued medi-
cation repeats retained, multiple storage loca-
tions,Î '̂̂ l̂ use of complementary medicines,'̂ '̂
and inadequate communication between the
specialist, prescriber and pharmacist.'^^' An old
strategy was for the prescriber to include on a
prescription the purpose for which the medicine
was prescribed to enable more informed feedback
to the prescriber from the pharmacistJ^^i In ad-
dition, there are issues in continuity of care,
whereby prescribing may be undertaken by spe-
cialists and, in some places and for limited medi-
cations, nurse practitioners and pharmacists.
Concordance between what the prescriber may
think a patient may be taking and what the pa-
tient is actually taking has often been found
wanting.!̂ '*! Perhaps the time has come to revisit
the proposed strategy of including the purpose
for prescribing the medicine on the prescription
so that the pharmacist can provide more in-
formed feedback to the prescriber.

4. Conclusions

Prescribing should not be considered as a soli-
tary activity undertaken by a physician in isola-
tion. Communication between specialists, other
prescribers and pharmacists with the responsible
prescriber is essential for the most rational pre-
scribing of medicines. Also of fundamental impor-
tance is communication with the patient, because
if the patient is taking medicines that are different
from those that were initially intended on prescrib-
ing, the potential for adverse consequences esca-
lates. Various interventions that have positively
affected prescribing include educational inter-
ventions, computerized support systems, medication

reviews by pharmacists, geriatric medicine service
approaches, involvement of multidisciplinary
teams, and regulatory policies. Combined efforts
are necessary to improve the care of patients with
complex drug regimens, multiple co-morbidities,
and other risk factors for drug-related morbidities.
The process of planning to reduce inappropriate
prescribing should involve all the stakeholders of
the healthcare system, e.g. regulatory policy ma-
kers, physicians, pharmacists and other members
ofthe geriatric management team. A comprehen-
sive approach including more than one method to
improve inappropriate prescribing in the elderly
should be developed.
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