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Abstract
Background

Inappropriate polypharmacy is a particular concern in older people and is associated with negative health outcomes.
Choosingthe bestinterventionstoimproveappropriate polypharmacyisapriority, henceinterestinappropriate
polypharmacy, where many medicines may be used to achieve better clinical outcomes for patients, is growing. This is the
second update of this Cochrane Review.
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Objectives

Todeterminewhichinterventions,aloneorincombination, are effectiveinimprovingtheappropriate use of polypharmacy
and reducing medication-related problems in older people.

Search methods

Wesearched CENTRAL, MEDLINE, Embase, CINAHLandtwotrialsregistersupuntil 7February201 8, togetherwith
handsearching of reference lists to identify additional studies.

Selection criteria

We included randomised trials, non-randomised trials, controlled before-after studies, and interrupted time series. Eligible
studies described interventions affecting prescribing aimed at improving appropriate polypharmacy in people aged 65 years
and older, prescribed polypharmacy (four or more medicines), which used a validated tool to assess prescribing
appropriateness. These tools can be classified as either implicit tools (judgement-based/based on expert professional
judgement) or explicit tools (criterion-based, comprising lists of drugs to be avoided in older people).

Data collection and analysis

Two review authors independently reviewed abstracts of eligible studies, extracted data and assessed risk of bias of included
studies. We pooled study-specific estimates, and used arandom-effects model toyield summary estimates of effectand 95%
confidenceintervals (Cls). We assessed the overall certainty of evidence foreach outcome using the GRADE approach.

Main results

Weidentified 32 studies, 20fromthis update. Included studies consisted of 18 randomisedtrials, 10 clusterrandomised trials
(oneofwhichwasastepped-wedgedesign),twonon-randomisedtrialsandtwo controlled before-afterstudies.One
intervention consisted of computerised decision support (CDS); and 31 were complex, multi-faceted pharmaceutical-care
based approaches (i.e. the responsible provision of medicines to improve patient’s outcomes), one of which incorporated a
CDScomponentas part of their multi-faceted intervention. Interventions were providedin avariety of settings. Interventions
were delivered by healthcare professionals such as general physicians, pharmacists and geriatricians, and all were
conductedin high-income countries. Assessments using the Cochrane 'Risk of bias'tool, found that there was ahighand/or
unclearriskofbiasacrossanumberofdomains.Based onthe GRADEapproach, theoverall certainty ofevidenceforeach
pooled outcome ranged from low to very low.

Itis uncertain whether pharmaceutical care improves medication appropriateness (as measured by an implicit tool), mean
difference (MD)-4.76,95%Cl-9.20to-0.33; 5studies,N=517;verylow-certaintyevidence). Itis uncertainwhether
pharmaceutical care reduces the number of potentially inappropriate medications (PIMs), (standardised mean difference
(SMD)-0.22,95%CI-0.38t0-0.05; 7studies; N=1832; verylow-certainty evidence). Itis uncertainwhether pharmaceutical
carereducesthe proportion of patients withone ormore PIMs, (risk ratio (RR) 0.79,95%CI0.61t0 1.02; 11 studies;N =
3079;verylow-certainty evidence). Pharmaceutical care may slightly reduce the number of potential prescribing omissions
(PPOs) (SMD -0.81, 95% Cl -0.98 to -0.64; 2 studies; N = 569; low-certainty evidence), however it must be noted that this
effectestimateis basedononlytwostudies,whichhadseriouslimitationsintermsofrisk bias. Likewise, itis uncertain
whether pharmaceutical carereducesthe proportion of patients withone or more PPOs (RR0.40,95%Cl10.18t00.85;5
studies;N=1310; verylow-certainty evidence). Pharmaceutical care may make little or no difference in hospital admissions
(datanot pooled; 12 studies; N =4052; low-certainty evidence). Pharmaceutical care may make little or no difference in
quality of life (datanot pooled; 12 studies;N=3211; low-certainty evidence). Medication-related problems werereported in
eightstudies (N=10,087)usingdifferentterms (e.g.adversedrugreactions,drug-druginteractions). Noconsistent
intervention effect on medication-related problems was noted across studies.

Authors' conclusions

Itisunclearwhetherinterventionstoimproveappropriate polypharmacy, suchasreviews of patients’ prescriptions, resulted
in clinically significantimprovement; however, they may be slightly beneficial interms of reducing potential prescribing
omissions (PPOs); but this effect estimate is based on only two studies, which had serious limitations in terms of risk bias.

Plain language summary

Areview of the ways that healthcare professionals canimprove the use of suitable medicines for older people
What is the aim of this review?

The aim of this Cochrane Review was to find out which types of approaches can improve the use of suitable medicines in
older people. Researchers collected and analysed all relevant studies to answer this question and included 32 trials in the
review.

Key messages

Taking medicineto treat symptoms of chronicillness and to preventworsening of diseaseis commonin older people.
However, taking too many medicines can cause harm.

What was studied in the review?

This review examines studies in which healthcare professionals have taken action to make sure that older people are
receiving the most effective and safest medicines for theirillness. Actions taken included providing a service, known as
pharmaceutical care, which involves promoting the correct use of medicines by identifying, preventing and resolving
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medication-related problems. Another strategy which we were interested in was using computerised decision support, which
involves a programme on the doctor’s computer that aids the selection of appropriate treatment(s).

What are the main results of the review?

Review authors found 32 relevant trials from 12 countries that involved 28,672 older people. These studies compared
interventions aiming toimprove the appropriate use of medicines with usual care. Itis uncertainwhetherthe interventions
improved the appropriateness of medicines (based on scores assigned by expert professional judgement), reduced the
number of potentially inappropriate medicines (medicines in which the harms outweigh the benefits), reduced the proportion
of patients with one or more potentiallyinappropriate medications, orreduced the proportion of patients with one or more
potential prescribing omissions (cases where a useful medicine has not prescribed) because the certainty of the evidence is
verylow. Theinterventions mayleadtolittle or no differencein hospitaladmissions or quality of life, however, the
interventions may slightly decrease the number of potential prescribing omissions.

How up-to-date is this review?
Review authors searched for studies that had been published up to February 2018.

Background

Prescribing forolder peopleis complex because of factors such as age-related changes in body composition and

multiple pathologies. Finding the balance between aggressively treating diseases and avoiding medication-related

harmis acritical objective for healthcare professionals, yet has proven challenging to achieve in clinical practice (Steinman
2007). Thisreview updates the previous Cochrane Review of Interventions toimprove the appropriate use of polypharmacy
forolder people (Patterson 2014), which concluded that despite the potential to reduce inappropriate prescribing, itwas
unclear whether interventions to improve appropriate polypharmacy in older people resulted in clinically significant
improvements such as reduced hospital admissions or improved quality of life.

Polypharmacy refers to the use of multiple medicines. The term itself has been the subject of much discussion but
no standard definitionis used consistently (Cadogan 2016a;King's Fund 201 3; Stewart 1990). Asimple definition has been
used ("the administration of more medicines than are clinically indicated, representing unnecessary drug use" Montamat
2004). Forthe purpose of this update of the review, we defined it as 'the concomitantingestion of four or more medicines’,
however, inrecognition of the fact that the number of medicines used to define polypharmacy is arbitrary, the focus of the
interventions of interestto this reviewis the appropriateness of the medications prescribed forolder people.—

Polypharmacyiscommoninolderpeople, conventionallydefinedasthoseaged 65 yearsandolder,as thisage
groupis often subjectto multimorbidity (defined as two or more chronic conditions) (Barnett2012),suchas
cardiovascular disease and diabetes that require multiple medicines for treatment and prophylaxis. In the USA, the
prevalence of polypharmacy in older people has increased over time, and the most recent available dataindicate that
approximately 39%of older peopleinthe USAtake five or more medicines (Kantor 2015). Datafrom Thelrish
Longitudinal Study on Ageing have reported polypharmacyin 27%of the older population using the same
definition (McGarrigle 2017). Although prevalence estimatesin older peoplevaryacross countries, polypharmacyin
older peopleisrecognised as awidespread globalissue (Stewart 2017). Consequently, older peopleusea
disproportionate quantity of health service resources. For example, in terms of medicines, in 2016, patients aged
60 and older accounted for 23% of the population in England and were dispensed 61.0% of all prescription items (
Information Centre 2017).

Multiplefactors contributetothe occurrence of polypharmacyinolderpeopleincludinganincreaseinlife
expectancyandtheresultant growthinthe prevalence of multimorbidity, the wider availability of effective drug
treatments, and prescribing guidelines thatrecommend the use of more than one medicineinthe preventionand
managementofvarious health conditions (Cadogan 2016).Itiswidelyrecognisedthatprescribingguidelines typically
focusonsingle diseases and when applied to complex multimorbid patients often fail to provide information on how

to prioritise treatment recommendations and can actas adriving force for polypharmacy (Hughes 2012). In light of this,
the National Institute for Health and Care Excellence (NICE) has recently developed guidelines for the clinical treatment
of patients with multiple morbidities, highlighting the importance of appropriate prescribing in this population (NICE 2016).

Inappropriate prescribinginthe contextof older people can be defined as the prescribing of "medications or medication
classesthatshouldgenerallybeavoidedinpersons65yearsorolderbecausetheyareeitherineffective ortheypose
unnecessarily highrisk forolder persons and asaferalternativeis available" (Beers 1991). The term ‘potentially
inappropriate prescribing (PIP)’ encompasses potentially inappropriate medicines (PIMs) and potential prescribing
omissions (PPOs). APIMisamedicinethatcould potentiallyleadtoasignificantriskofadversedrugevents (ADEs)and
arises from prescribing practices such as continuing therapy for longer than necessary orrecommended in prescribing
guidelines. APPO involves the omission of a medication thatis clinically indicated for disease treatment or prevention (O’
Connor 2012).

Although polypharmacyis oftenclinicallyindicated and beneficialin specificconditions (e.g. hypertension, diabetes
mellitus)and patient populations (e.g. patients with multimorbidity), italso posesrisks of medication-related harm
and safety risks to patients. A medication-related problem is described as “an event or circumstance involving a
patient’s drug treatment thatactually, or potentially, interferes with the achievement of an optimal outcome” and
includes adverse drug reactions and drug interactions (Simonson 2005). Polypharmacy in older people has been
associated with PIPand negative health outcomes including an increased risk of hospital admissions, adverse drug
events and mortality (Cahir 2010). The chance of medication-related problems (such as adverse drug reactions and
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drug-druginteractions)occurringincreasesinolderage, in part, because the ageing process reduces the efficiency
ofthe body’s organsin eliminating drugs (Mangoni 2003). Alarge study of community-dispensed prescribing in
Scotland (between 1995 and 2010) showed that the proportion of olderadults prescribed more than five medicines

and with potentially serious drug-drug interactions had more than doubled to 13%in 2010 (Guthrie 2015). Itis
knownthatthe numberof medicines prescribedis predictive ofthe numberof druginteractions likelyto occur (Gallagher
2001). Poor understanding of causes of certain disorders makes prescribing drug combinations more difficult and
treating poorly understood diseases mayincrease the risk forinappropriate prescribing (Werder 2003).

Despitetherecognised potentialformedicationsafetyrisksinolder people, recentcohortstudies have challenged
previousassumptionsthatpolypharmacyishazardousandassociated with poorclinicaloutcomes (Appleton 2014; Guthrie
2015).Forexample, ananalysis of Scottish primary care datalinked to hospital discharge data highlighted the
limitations of crude measures of polypharmacy (i.e. the number of medicines prescribed) as quality indicators or
predictorsofhospitaladmissionswhen patients’ clinical contextis nottakenintoconsideration (Appleton 2014). Thefindings
showed that patients prescribed anincreased numberof cardiovascular medicines were more likely to experience unplanned
hospital admissions. However, when the analysis was adjusted to account for clinical factors such as non-cardiovascular
morbidityanddrugburden,noevidenceofanincreaseinnon-cardiovascularadmissionswithincreasingnumbers of
cardiovascular medicines was found.

Consequently, greater use of the term ‘appropriate polypharmacy’, has been advocated which refers to ‘prescribing
foran individual with complex or multiple conditions where medicine use has been optimised and prescribingisin
accordance with best evidence’ (Cadogan 2016; King's Fund 201 3). In assessing older patients’ prescriptions, itis
importanttoconsiderwhethereachdrughasbeenprescribed appropriatelyorinappropriately, bothindividuallyand
inthe contextofthewhole prescription (Aronson 2006). Improving appropriate polypharmacyinvolves encouraging
use of the correct drugs under appropriate conditions to treat the right diseases. In certain circumstances, this may
include the removal of unnecessary drugs or those with no valid clinical indication and the addition of useful ones.
Thus, interventions that seek solelyto reduce the number of prescribed medicines fail to consider polypharmacyinits
entirety. PPOs are also highly prevalentin older populations and have been shown to be associated with
polypharmacy, whereby the probability of under-prescription increases with the number of medicines prescribed (Galvin
2014).

These findings may be explained by the unwillingness of general practitioners (GPs) to prescribe additional drugs for
patients with polypharmacy (for reasons such as complexity of drug regimens, fear of ADEs and drug-drug
interactions and poor adherence) (Kuijpers 2007). This so-called treatment/risk paradox or risk/treatment mismatch is
seenwhen patients with the highestrisk of complications are determined to have the lowest probability of receiving the
recommended medications (Ko 2004; Lee 2005).

Differentiating between 'many' medicines (appropriate polypharmacy) and 'too many' medicines (inappropriate
polypharmacy)isaprescriber's dilemma,andchoosingthe bestinterventionsaimedatensuringappropriate polypharmacy
remains a challenge for healthcare practitioners and organisations.

Description of the condition

The causes of inappropriate polypharmacy are multifactorial (Stewart 2017), and for the purpose of this review we have
focused oninterventions that have targeted PIM, PPO, or both, using validated instruments or screening tools such as a
validated list of medicines considered inappropriate for older people (AGS 2012; Beers 1991; Fick 2003; King's Fund 2013
),alistofclinically significantcriteriafor potentiallyinappropriate prescribinginolder people (Gallagher2008) orthe
Medication Appropriateness Index (MAI) (Hanlon 1992). These screening tools can be classified as either implicit
(judgement-based)orexplicit(criterion-based) tools (Kaufmann2014; 0'Connor2012).Implicittools, such as MAI
(Appendix 1) and the Assessment of Underutilization of Medication (AOU) tool (Jeffery 1999), are judgement-based
indicators of prescribing quality that are applied by clinicians toa patient’s prescription. Explicittools such as Beers’
criteria (Appendix 1) and Screening Tool of Older Person's Prescriptions (STOPP)/Screening Tool to Alert doctors

tothe Right Treatment (START) criteria (Gallagher 2008), are usually developed from literature reviews, expert opinion and
consensus exercises. The criteria typically comprise lists of drugs to be avoided oradded in older people.

Description of the intervention

Improvementin appropriate polypharmacy can be achieved through awide range of interventions (e.g. educational
programmes for prescribers or consumers; medication review clinics and specific prescribing audits; prescribing
incentive schemes and regulatory interventions). Interventions that reduce the risk of medication-related problems are
important to consider (Fick 2008). These may be provided by healthcare professionals, educators, policy makers

and healthcare service planners. Previously, interventions targeting polypharmacy in older people have often
focused onreducing the number of medicines prescribed (Rollason 2003), based onthe assumptionthat polypharmacyis
harmful. However, by focusing solely on the number of prescribed medicines, these interventions have failed to consider
inappropriate prescribing in its entirety. As noted above, inappropriate prescribing is not restricted to over-prescribing, but
alsoencompasses mis-prescribing(i.e.incorrect prescribingofanecessarydrug)and under-prescribing(i.e. prescribing
omissions).

Methods recommendedin previous intervention studiesinclude use of computerdataentryandfeedback procedures,
which have been showntodecrease polypharmacyand drug-druginteractions (Werder 2003); visual identification of
medicines; continuous medication review and thorough patient education to optimise polypharmacy (Fulton 2005).

This review seeks to identify evidence regarding which types of interventions can improve appropriate polypharmacyinolder
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people.

How the intervention might work
Interventions to improve appropriate polypharmacy are likely to achieve the following outcomes.

* Improvementin medicationappropriateness(as measuredbyanimplicittool).

* Reductionofinappropriately prescribed medication (as measured byanexplicittool).

* Reductionofprescribingomissions (as measured byanexplicittool) by promoting prescribingofevidence-basedtherapy
where clinically indicated.

Computerised decision support (CDS) aimed at prescribers, whereby electronicalerts are produced to guide the prescriber to
the right treatment, has been successful in reducing inappropriate prescribing for older people.

Pharmaceutical careistheresponsible provision of drug therapyforthe purpose of achieving definitive outcomes that
improve a patient’s quality of life (Hepler 1990). Pharmaceutical care reflects a systematic approach that ensures
patients receive the correct medicines, atan appropriate dose, for appropriate indications. Itinvolves pharmacists
moderating drug management in collaboration with physician, patient and carer (Hepler 1990). Pharmacist-led
interventions suchas medicationreview, co-ordinatedtransitionfromhospitaltolong-termcarefacilityand
pharmacistconsultations with patients and physicians have been shownto effectivelyreduceinappropriate
prescribing and ADEs (Hanlon 1996; Kaur 2009). Multi-disciplinary case conferences involving GPs, geriatricians,
pharmacistsandresidential care staff, whereinindividual patientcasesarediscussed, havereducedthe use of
inappropriate medications in residential care (Crotty 2004a).

Why it is important to do this review
A systematic review may help to identify how we can improve appropriate polypharmacy in older people.

Inappropriate prescribingforolderpeopleis bothhighly prevalentand commonlyassociatedwith polypharmacy (Bradley
2012; Cahir2010). Itisimportant that the current available evidence be identified and appraised, so that
interventionsthatare effectiveinmanagingdiseasewithappropriate polypharmacy maybeidentifiedand putinto
practice.—This is an update of the Cochrane Review (Patterson 2014).

Objectives

Todeterminewhichinterventions,aloneorincombination, are effectiveinimprovingtheappropriate use of polypharmacy
and reducing medication-related problems in older people.

Methods

Criteria for considering studies for this review
Types of studies

We included randomised trials and cluster-randomised trials, non-randomised trials, controlled before-after studies
(CBAs)andinterruptedtimeseries (ITS)studies meeting the Effective Practiceand Organisation of Care (EPOC)
specification (EPOC 2017).

We classified trials eligible forinclusion according to the degree of certainty that random allocation was used to form
comparisongroupsinthetrial. If study author(s) stated explicitly that groups compared in the trial were established by
random allocation, we classified the trialas arandomisedtrial. If study author(s) did not state explicitly that the trial was
randomised, butrandomisation could not be ruled out, we classified the reportas anon-randomised trial.

Types of participants

The review included studies of people aged 65 years and older, who had more than one long-term medical condition and
were receiving polypharmacy (classified as four or more medicines. This included a prescribed medication (one that is
scheduled or partofarepeatprescription,and does notinclude over-the-counterand herbal products) and included studies
targeting patient groups in which polypharmacy was common practice, such as patients with Parkinson’s disease or
diabetes. We considered trials forinclusion if they included a majority (80% or more) of participants aged 65 years and older,
orif the mean age of study participants was over 65 years. If studies included both older and younger people, we included
them if we were able to extract relevant data. We contacted study authors to check the availability of relevant data.

We excluded studiesinwhichtheintervention focused on people withasingle long-term medical condition orwhowere
receiving short-term polypharmacy, forexample, thosewhowere terminallyill orwerereceiving cancer chemotherapy.

Types of interventions

We examined all types of interventions aimed at improving appropriate polypharmacy in any setting (such as
pharmaceutical care) compared with usual care (as defined by the study). We included all uni-faceted interventions, for
example, those targeted solely at drug prescriptions, and multi-faceted interventions, for example, specialist clinics
involving comprehensive geriatric assessment. We included studies of interventions for which the target was
polypharmacyacross all ages, provided results for those aged 65 years and older were available separately. We
examined all types of interventions as set out by the most recent EPOC taxonomy of health systems interventions (EPOC
2015;EPOC2016)thatdirectlyorindirectlyaffected prescribing and wereaimed atimproving appropriate polypharmacy.
These included the following.

* Implementation strategies (previously categorised as professional interventions), defined as interventions designed to
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bring aboutchangesin healthcare organisations, the behaviour of healthcare professionals or the use of health services
by healthcare recipients, such as educational programmes aimed at prescribers.

* Deliveryarrangements (previously categorised as organisational interventions) defined as changes in how, when and
where healthcare is organised and delivered, and who delivers healthcare, such as skill-mix changes, pharmacist-
led—medication review services or specialist clinics,~information and communication technology (ICT) interventions such
as clinical decision support systems or use of risk screening tools.

* Financial arrangements (previously categorised as financial interventions) defined as changes in how funds are collected,
insurance schemes, how services are purchased, and the use of targeted financial incentives or disincentives, such as
incentive schemes for changes in prescribing practice.

* Governance arrangements (previously categorised as regulatory interventions) defined as rules or processes that affect
thewayinwhich powers are exercised, particularlywith regard to authority, accountability, openness, participation, and
coherence, such as changes in government policy or legislation affecting prescribing.

Types of outcome measures

Validated measures of inappropriate prescribing (such as Beers criteria (Fick 2003), MAI (Hanlon 1992),
STOPP/START criteria(Gallagher2008)orAssessingCareof Vulnerable Elderly (ACOVE) (Wenger2001))werethe main
outcome measures considered in the review. We excluded studies in which medication appropriateness was determined
solely by expert opinion (i.e. no measures/tools were used).

Primary outcomes
The primary outcomes of interest for this review were the following.

* Medication appropriateness (as measured by animplicittool), e.g. MAI (Hanlon 1992) or adefined subset of criteria from
a validated instrument.

* Potentiallyinappropriate medications (as defined by a validated explicit tool (e.g. STOPP criteria (Gallagher 2008)), which
could consistofthe number of potentiallyinappropriate medications and/or the proportion of patients with one or more
potentially inappropriate medications.

* Potential prescribing omissions (as defined by avalidated explicit tool (e.g. START criteria (Gallagher 2008)), which could
consist of the number of potential prescribing omissions and/or the proportion of patients with one or more potential
prescribing omissions.

* Hospital admissions (including all-cause hospital admissions and unplanned hospital readmissions).

Secondary outcomes
Secondary outcomes included the following.

* Medication-related problems, for example, adverse drug reactions and drug-drug interactions.
* Adherence to medication.
* Quality of life (as assessed by a validated method).

Search methods for identification of studies

The Information Specialist for the EPOC group updated the searches and searched the Cochrane Database of Systematic
Reviews and the Database of Abstracts of Reviews of Effects (DARE) for related systematic reviews, as well as the
databases listed below for primary studies. Searches were conducted in May 2016, with an updated search conducted in
February2018;exactsearchdates foreachdatabaseareincludedwiththe search strategies,whichare providedin
Appendix 2 and Appendix 3.

Databases

Cochrane Central Register of Controlled Trials (CENTRAL; 2018, Issue 1) in the Cochrane Library
Health Technology Assessment Database (HTA; 2016, Issue 4) in the Cochrane Library
NHSEconomicEvaluation Database (NHSEED; 2015, Issue 2)inthe CochranelLibrary

MEDLINE Ovid (including Epub Ahead of Print, In-Process & Other Non-Indexed Citations) (1946 to 31 January 2018)
Embase Ovid (1974 to 6 February 2018)
CINAHL EBSCO (Cumulative Index to Nursing and Allied Health Literature; 1980 to 7 February 2018)

Trial registries

Two trials registers were searched on 7 February 2018.

* International Clinical Trials Registry Platform (ICTRP), Word Health Organization (WHO) www.who.int/ictrp/en
* ClinicalTrials.gov, US National Institutes of Health (NIH) clinicaltrials.gov

Searchstrategies comprised keywords and, when available, controlled vocabulary suchas MeSH (medical subject
headings). All databases were searched for articles indexed between Nov 2013 and February 2018. Two methodological
searchfilters were usedto limitretrieval toappropriate study designs. Nolanguage restrictions were applied.

Searching other resources

* We screened selected issues of the Journal of the American Geriatrics Society (e.g. handsearching).

* We reviewed reference lists of relevant systematic reviews (Appendix 4).

* We contacted authors of relevant studies and reviews to ask that they clarify reported published information or to seek
unpublished results/data.
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e We contacted researchers with expertise relevant to the review topic or to EPOC interventions.

* We conducted cited reference searches on studies selected for inclusion in this review, related reviews and other relevant
citations as listed on the Institute for Scientific Information (ISI) Web of Science /Web of Knowledge.

Data collection and analysis
Selection of studies

For this update, three reviewers (AR, CAC and JC) independently screened titles and abstracts identified in searches to
assess which studies met the inclusion criteria of the review. At this stage, we excluded papers that did not meet the
inclusion criteria. If uncertainty or disagreementarose at this stage, we obtained full-textarticles and assessed them
independently to determine whether they met previously defined inclusion criteria. Any remaining disagreement or
uncertainty was resolved by consensus through discussion with another review author (CH).

Data extraction and management

Three reviewers (AR, CAC and JC) independently extracted details of articles included in this update, including study
design, study population, intervention, usual care, outcome measures used and length of follow-up data, using a
specially designed data extraction form based on the EPOC template (EPOC 2017). We contacted study authors to
askformissinginformationorclarification. Weusedinformation fromdataextraction formstoguide the extraction of
numerical data for meta-analysis in Review Manager 5.3 (RevMan 2014).

We presented data from randomised trials and controlled before-after studies (CBA) studies using the format

suggested in the EPOC Working Paper on presentation of data (EPOC 2017). We extracted outcome at the last time point
reported to assess enduring effects of the intervention.

Assessment of risk of bias in included studies

Three reviewers (AR, CAC and JC) independently assessed the internal validity of each study included in this update and
resolved discrepancies by discussion.

We usedthe Cochranetoolforassessingrisk of bias (Higgins 2011), based on six standard criteria: adequate
sequencegeneration, concealmentofallocation, blinding of participants and personnel, blinded orobjective
assessmentofprimaryoutcome(s),adequatelyaddressedincomplete outcomedata, freedomfromselectivereporting

and freedom from other risks of bias. We used three additional criteria specified by EPOC (EPOC 2017): similarity of
baseline characteristics, reliable primary outcome measures and adequate protectionagainst contamination. We reportedall
included studies in the 'Risk of bias' tables.

Measures of treatment effect

Wemeasuredthe effectoftheintervention byreferencingpublishedtools (e.g.implicit,judgement-basedtools such
as the MAI (Hanlon 1992) and/or explicit, criterion-based tools such as 'Beers' (Fick 2003)) used to assess inappropriate
prescribing as outlined above. We reported outcomes for each study in natural units. When baseline results were available
fromstudies, meansandstandarddeviation(SD)valuesforthechangefrombaselineforstudyand controlgroupswere
reported. When baseline results were notavailable, we reported postintervention means and SD values and/or the proportion
of patients with one or more PIMs or PPOs for study and control groups. We analysed data using RevMan 5.3.

In previous versions of this review, we pooled data according to the specific screening tool used. As a modification to the
original review protocol, we pooled outcome dataon the basis of whetherincluded studies had used animplicit judgement-
based)orexplicit(criterion-based)toolto measureinappropriate prescribing. Thereasonforthis changetothe protocolwas
that, with an ever increasing number of screening tools being used, itwould not be feasible to continue to categorise trial
outcome data according to specific screening tools or generate meaningful summary effect estimates. When possible, we
presented results with 95% Cls, and estimates when different scales were used to report the same dichotomous outcomes
(e.g.the proportionof patientswith one ormore potentiallyinappropriate prescriptions)asrisk ratios (RRs). Weused
standardised mean differences (SMDs) in meta-analyses when different scales were used to report the same continuous
outcome.

Unit of analysis issues

We critically examined the methods of analysis of all study types. When studies with a unit of analysis error were identified,
we re-analysed the data excluding such studies (sensitivity analysis).

Dealing with missing data

We assessed the methods used in eachincluded study to deal with missing data. Any study with a differential loss to follow-
up between groups greater than 20% was excluded from meta-analysis.

Assessment of reporting biases

We assessed reporting bias by scrutinising study results using the 'Risk of bias' tables provided inRevMan 5.3. We
examined funnel plots corresponding to meta-analysis of the primary outcome to assess the potential for small-study effects
such as publication bias.

Data synthesis, subgroup analysis and investigation of heterogeneity

Methods utilised to synthesise the studies depended on their quality, design and heterogeneity. We pooled the results
of studiesifatleasttwo studies were homogeneous regarding participants, interventions and outcomes. We grouped
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studiesanddescribedthemaccordingtotypeofintervention, settingand studydesign,andweplannedtoperforman
assessment of evidence on the theoretical basis underpinning the interventions. For example, if studies reported that
interventionswerebasedonthe Theoryof Diffusion(Rogers 2003),thenwe plannedto pooldataacrossthesestudies,
where appropriate, in order to develop a cumulative evidence base for the theory in question. Where possible, instead of
subgrouping outcomes accordingto the specifictool (i.e. STOPPversus Beers), we pooled studies under the broad
descriptions of medicationappropriateness (as measured byanimplicittool), potentiallyinappropriate medications (which
consists of the number of potentially inappropriate medications and/or the proportion of patients with one or more potentially
inappropriate medications), and potential prescribing omissions (which consists of the number of potential prescribing
omissions and/or the proportion of patients with one or more potential prescribing omissions).

Inthe presence of statistical heterogeneity (greater than 50%, as estimated by the 12 statistic), we applied arandom-effects
model for meta-analysis. For pooling, we considered only groups of studies ofthe same design (randomised trialsand non-
randomised trials). When it was not possible to combine outcome data because of differences in reporting or substantive
heterogeneity, we provided a narrative summary.

Sensitivity analysis

We performed a sensitivity analysis for pooled results based on methodological quality to assess the overall effect. Studies
with a unit of analysis error or high risk of bias were excluded from the meta-analysis.

'Summary of findings' table

We graded our confidence in the evidence by creating a 'Summary of findings' table, using the approach
recommendedbythe GRADEWorking Groupandguidancedeveloped by EPOC(EPOC2017b;Guyatt2008).Weincluded
the mostimportant outcomes, which were: medication appropriateness (as measured by an implicit tool), the number of
potentially inappropriate medications, the proportion of patients with one or more potentially inappropriate medications, the
number of potential prescribing omissions, the proportion of patients with one or more potential prescribing omissions,
hospital admission, and quality of life. We used methods and recommendations described in Section 8.5 and Chapter 12 of
the Cochrane Handbook for Systematic Reviews of Interventions (Higgins 201 1), along with GRADE worksheets,

to assess the certainty of evidence (GRADEpro GDT 2015). Two review authors (AR, CC) independently assessed

the certainty of evidence for each outcome. We have presented certainty of evidence for each outcome in GRADE

tables (Summary of findings table 1, Appendix 5).

Results

Description of studies

See Characteristics ofincluded studies; Characteristics of excluded studies; Characteristics of ongoing studies; and
Characteristics of studies awaiting classification.

Results of the search

We updated the electronic searches and identified 7526 potentially relevant citations (Figure 1). Following review of
titles and abstracts, we retrieved 432 full-text publications for more detailed assessment. We identified 11 additional
potentially relevant citations through searches of other sources, such as relevant reviews (Appendix 4), including

the list of ongoing studies provided in the previous review (Patterson 2014), and the Clinical Trials Registry, as well as
through contactwith studyauthors. Fromthis updated search, 20 studies metall otherinclusion criteria(including study
design, study population, types of interventions examined) and were added to the review. There were 27 ongoing studies
(see Characteristics of ongoing studies).

Included studies

In total, we identified 32 eligible studies, of which 20 were included for this update. The North Carolina Long-
Term Care Polypharmacy Initiative was published as three separate studies (Christensen 2004; Trygstad 2005; Trygstad
2009), but onlytwo of these studies (Trygstad 2005; Trygstad 2009) met the inclusion criteria. Where datafrom the studies
thatwereaddedtothereviewcouldnotbeincludedinanyformofmeta-analysis, narrativedescriptionsofresultsare
presented. Details are providedinthe Characteristics ofincluded studies tableand are briefly summarised below.

Study design

Included studies consisted of 18 randomised trials (Basger 2015; Bladh 2011; Bucci 2003; Campins 2017; Crotty 2004b;
Dalleur2014; Frankenthal 2014; Fried 2017; Gallagher2011;Haag 2016; Hanlon 1996; Michalek 2014; Milos 2013; Olsson
2012; Schmader 2004; Spinewine 2007; Taylor 2003; Wehling 2016), 10 cluster-randomised trials (Clyne 2015; Crotty
2004a; Garcia-Gollarte 2014; Franchi 2016; Koberlein-Neu 2016; Muth 2016; Muth 201 8; Pitkala2014; Tamblyn 2003;
Thyrian2017),one of whichwas astepped-wedge design (Koberlein-Neu 2016), twonon-randomisedtrials (Chiu2018; Van
der Linden 2017) and two controlled before-after studies (Trygstad 2005; Trygstad 2009).

Settings

Ofthe 16 studies conducted in hospital settings (3779 participants), three were conducted in hospital outpatient

clinics (Hanlon 1996; Bucci 2003; Schmader 2004), one at the hospital/homecare interface (Crotty 2004b).and 12in
aninpatient setting (Basger2015; Bladh 2011; Chiu 2018; Dalleur 2014; Franchi 2016; Gallagher 2011;Haag 2016;
Michalek2014;0Ilsson2012;Spinewine 2007;Wehling2016;VanderLinden2017). Tenstudieswere conductedin
primarycaresettings (14,969 participants)(Campins2017;Clyne2015;Fried2017;Koberlein-Neu2016;Milos2013;Muth
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2016;Muth2018; Tamblyn2003;Taylor2003; Thyrian2017).Six studies took placeinnursinghomes (9924
participants) (Crotty 2004a; Frankenthal 2014; Garcia-Gollarte 2014; Pitkala 2014; Trygstad 2005; Trygstad 2009). All
studies reported trials which were confined to a single setting.

Theincluded studies were carried outin 12 high-income countries: Australia (three studies), Belgium (three studies), Canada
(two studies), Finland (one study), Germany (six studies), Hong Kong (one study), Ireland (two studies), Israel (one study),
Italy (one study), Spain (two studies) and Sweden (three studies), and the USA (seven studies).

Participants

Atotal of 28,672 participants were included in this review, most of whom were female (64.4%) and had a mean age of 72.8
years.Inthose studieswhere ethnicitywas reported (five studies, N = 8710), most participants were white. All study
participants had more than one long-term medical condition, which included asthma, diabetes, dyslipidaemia, hypertension,
cardiovasculardisease (including congestive heart failure) and dementia. On average, participants were receiving more than
four medicines at baseline. In 31 of the 32 studies for which data were available (16,112 participants), participants were
prescribed on average 8.9 medicines at baseline.

Interventions—

Inall cases, interventions were classified as either delivery arrangements (Basger 2015; Bladh 2011; Bucci 2003; Chiu 2018;
Crotty 2004b; Fried 2017; Haag 2016; Koberlein-Neu 2016; Michalek 2014; Milos 2013; Muth 2016; Muth 2018; Olsson
2012; Schmader 2004; Spinewine 2007; Thyrian 2017; Van der Linden 2017), implementation strategies (Franchi 2016;
Garcia-Gollarte 2014), orboth (Campins 2017; Clyne 2015; Crotty 2004a; Dalleur2014; Frankenthal 2014; Gallagher2011;
Hanlon 1996; Pitkala2014; Tamblyn2003;Taylor2003; Trygstad 2005; Trygstad 2009; Wehling2016) (see Types of
interventions for definitions).

Thirty-one studies examined complex, multi-faceted interventions of pharmaceutical careinavariety of settings.
Oneuni-faceted study (Tamblyn 2003) examined computerised decision support (CDS) provided to GPs in their own
practices.Pharmaceuticalcarewas commonly provided by pharmacistsworking closelywithotherhealthcare
professionalsinavariety of settings. In hospital settings, pharmacists worked as part of amulti-disciplinary teamin
outpatient clinics (Bucci 2003; Hanlon 1996; Schmader 2004), in inpatient services on hospital wards as a clinical
pharmacy service (Basger2015;Bladh 2011; Chiu 2018; Dalleur 2014; Franchi 2016; Gallagher 2011; Haag 2016; Michalek
2014;0Olsson2012; Spinewine 2007; VanderLinden 2017; Wehling 2016), or as part of the hospital discharge
process (Crotty 2004b). In community settings, pharmaceutical care services, including medication reviews, patient
interviews and counselling, were provided by differenthealthcare professionals. Thisincluded pharmacists workingin
community-based family medicine clinics (Taylor 2003), or within primary care centres (Campins 2017; Milos 2013), GP
(Clyne2015;Fried2017; Koberlein-Neu2016)andnurses/healthcare assistants (Muth2016; Muth2018; Thyrian2017
). In nursing homes, interventions involved multi-disciplinary case conferences combined with staff education provided
by pharmacists (Crotty 2004a), medication reviews by the study pharmacists and discussed with the chief
physician (Frankenthal2014), training sessions for staff (Garcia-Gollarte 2014; Pitkala2014),and adrugtherapy
management service (Trygstad 2005; Trygstad 2009).

Physicians delivered the intervention viaa computerised support programme in one study (Tamblyn 2003), whereas in all
other studies, structured processes were used to develop recommendations for improving the appropriateness of prescribing
to prescribers.

Models of pharmaceutical care providedintheincluded studies were complex andvariable.In 17 studies, the
pharmacist(s) conductedanindependent medicationreview using participantnotes (Bladh2011; Campins 2017; Crotty
2004a; Crotty2004b;Koberlein-Neu2016;Milos2013;VanderLinden2017),togetherwith participantsduringaface-
to-face encounter(Basger2015; Bucci 2003; Chiu2018; Frankenthal 2014; Hanlon 1996; Schmader 2004;Spinewine 2007;
Tamblyn 2003; Taylor 2003), or during an medication therapy management (MTM) consultation over the telephone (Haag
2016).Followingmedicationreviews, recommendationswerediscussedwithamulti-disciplinaryteamduring case
conferences (Crotty 2004a; Crotty 2004b), sent to patient's own GPs or consultants (Basger 2015; Bladh 2011; Campins
2017;Frankenthal2014;Milos2013;VanderLinden2017),ordiscussedwithprescribersandfollowed up bywritten
recommendations (Hanlon 1996) from multi-disciplinaryteam membersatthe sameoutpatientclinic(Bucci2003),
orduringinpatientward rounds (Spinewine 2007). In five studies, medicine reviews were undertaken by the doctor (Clyne
2015;Fried2017;Muth2016;Muth2018;Wehling2016).Inthreestudies, nurseswere asked toidentify potential
medication-related problems and bring these to the attention of the consulting physician (Pitkala 2014), or conduct
prescription reviews (Thyrian 2017), which were sent to the study physician (Olsson 201 2). In one study, the
pharmacist was an integral member of the multi-disciplinary team (Schmader 2004) and contributed to the
pharmaceutical care aspect of participants'care plans at the point of decision making. In two studies, consultant
pharmacists performed a comprehensive profile review of the computerised drug profiles of selected participants

using arange of tools such as the Beers criteriaand made recommendations to prescribers in nursing homes by

fax, telephone or written communication—(Trygstad 2005; Trygstad 2009).

In four studies, participants' medication lists were screened by a geriatrician (Dalleur 2014), or by the primary
research physician (Gallagher2011; Garcia-Gollarte 2014; Michalek 2014)uponadmissionto hospital,and oraland written
recommendations outliningappropriate prescribingchangeswerethen providedtotheattending physicians. Inthe Dalleur
2014 study, no pharmacist was available to collaborate with the inpatient geriatric consultation team owing to lack of
resources within the hospital.
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Participant education was provided as part of the pharmaceutical care intervention in four of six studies in which the
intervention was conducted face-to-face, and these participants were given 'directive guidance' and specialised
medication scheduling tools (e.g. monitored dosage systems) to encourage adherence to their prescribed medication
regimens (Bucci2003;Hanlon 1996; Spinewine 2007; Taylor 2003). Directive guidance describes pharmaceutical care
activities suchas provisionofinformationabout medications, theiradministrationandtheiradverse effects (Bucci2003
). In one study, patients received information leaflets during the medicines reviews, describing potentially inappropriate
prescribing (PIP)andalternativetreatmentoptions (pharmacologicaland non-pharmacological) (Clyne2015).

Education was provided to prescribers and other healthcare professionals included in the multi-disciplinary team as part
of the interventionin 10 studies (Bucci 2003; Clyne 2015; Crotty 2004a; Crotty 2004b; Franchi2016; Garcia-Gollarte 2014;
Hanlon 1996; Pitkala 2014; Spinewine 2007; Wehling 2016); this occurred at case conferences, duringward

rounds, as part of workshops, or when evidence-based information and answers to specific medication-related

querieswere presented. Intwo studiesinwhichthe pharmacistwas partofamulti-disciplinaryteam, no

educational intervention was specified in the methodology (Schmader 2004; Taylor 2003).

Thetiming of provision of the interventionwas variable. Interventions were delivered overaperiod of time, forexample,
during the hospital inpatient stay and at discharge (Bladh 2011; Chiu 2018; Franchi 2016; Haag 2016; Michalek 2014;
Schmader2004;Spinewine2007;VanderLinden2017),oroverseveral clinicvisitsand overseveralmonthsonan
ongoingbasis (Tamblyn2003). Interventionswerealsodeliveredatthetime ofanevent,forexample, following
hospital admission (Dalleur 2014; Gallagher 2011), at discharge from hospital (Basger 2015), during attendance at
outpatientclinics (Bucci2003; Hanlon 1996; Schmader2004; Taylor 2003), at nursing home visits (Crotty 2004a; Trygstad
2005;Trygstad2009),athospitaldischargetoanursinghome (Crotty 2004b), homevisitbyanurse(Olsson2012),
or GPvisit (Campins 2017; Clyne 2015; Fried 2017; Muth 2016; Muth 201 8). In studies for which details of intervention
administrationwere provided, interventionswere mostcommonlyadministered duringasingleepisode of care (Bucci2003;
Crotty 2004a; Hanlon 1996; Tamblyn 2003; Taylor 2003; Trygstad 2005; Trygstad 2009). Interventions were
implemented overvarying durations, ranging from five or six months (Bucci2003; Trygstad 2005), one year (Frankenthal
2014; Koberlein-Neu 2016), to three years and three months (Schmader 2004). Further details of the interventions are
detailed in the Characteristics of included studies tables.

Outcomes—

The first primary outcomes of interest in this review were medication appropriateness (as measured by an implicit tool),
potentiallyinappropriate medications (PIMs)and potential prescribingomissions (PPOs). Validated assessments of
appropriatenessreportedinallincluded studieswere measuredindependently by pharmacists, geriatricians ortheresearch
team,whohadaccessto participants'chartsand medicationrecords, exceptin Trygstad 2005 and Trygstad 2009,
where the Medicaid dispensed prescription claims database was used. Time between delivery of the intervention

and follow-up outcome measurement varied from immediately postintervention (e.g. post hospital discharge or clinic

visit) (Michalek2014;Schmader2004;Spinewine2007; Tamblyn2003;Wehling2016)toatleastonemonth(Bucci2003
), eightweeks (Crotty 2004b), three months (Basger 2015; Crotty 2004a; Garcia-Gollarte 2014; Trygstad 2005; Trygstad
2009), sixmonths (Clyne 2015; Gallagher2011), uptooneyear(Dalleur2014; Franchi 2016; Hanlon 1996; Pitkala 2014;
Taylor 2003), and up to two years (Frankenthal 2014).

Eleven studies measured medication appropriateness (as measured by an implicit tool); the only implicit tool
(judgement-based) used was the Medication Appropriateness Index (MAI) (Bucci2003; Chiu 201 8; Crotty 2004a; Crotty
2004b; Gallagher 2011; Hanlon 1996; Muth 2016; Muth 2018; Schmader 2004; Spinewine 2007; Taylor 2003). Six
studies reported MAl as a change from baseline and nine studies reported postintervention scores. One study reported
the MAlscoreinterms of the number of prescriptions withinappropriate medications; this was unsuitable forinclusion

in the meta-analysis (Taylor2003).

Twenty-one studies measured PIMs (Bladh 2011; Campins 2017; Clyne 2015; Dalleur 2014; Franchi 2016; Frankenthal
2014;Fried2017;Gallagher2011;Garcia-Gollarte2014;Haag2016; Koberlein-Neu2016;Milos2013;0lsson2012;Pitkala
2014;Schmader 2004; Spinewine 2007; Tamblyn 2003; Thyrian 2017; Trygstad 2005; Trygstad 2009; VanderLinden 2017
). These studies used arange of explicit (criterion-based) tools, including Beers criteria (Franchi 2016; Pitkala 2014;
Schmader 2004; Spinewine 2007; Trygstad 2005; Trygstad 2009), Screening Tool of Older Person’s Prescriptions
(STOPP) criteria (Campins 2017; Clyne 2015; Dalleur 2014; Frankenthal 2014; Gallagher 2011; Garcia-Gollarte 2014;

Haag 2016), TooltoReduce Inappropriate Medication (TRIM) recommendations (Fried 2017), the drug-specificquality
indicators established by the Swedish National Board of Health and Welfare (Bladh 2011; Milos 2013; Olsson 2012

), the PRISCUS criteria (Koberlein-Neu 2016; Thyrian 2017) and the Rationalization of home medication by an Adjusted
STOPPinolderPatients (RASP)list(VanderLinden2017),whichwere measured atvaryingtime points ranging from
atthe pointof inpatient discharge to 24-months follow-up. Seven studies reported the number of PIMs, as identified

using Beers criteria (Pitkala 2014; Schmader 2004; Spinewine 2007) and STOPP criteria (Clyne 2015; Garcia-Gollarte
2014), the PRISCUS criteria (Koberlein-Neu 2016), and the RASP list (Van der Linden 2017). Thirteen studies

reported the proportion of patients with one or more PIMs, as identified using Beers criteria (Pitkala 2014; Spinewine 2007
), the STOPP criteria (Clyne 2015; Dalleur 2014; Frankenthal 2014; Gallagher 2011; Garcia-Gollarte 2014; Haag 2016),
the drug-specific quality indicators established by the Swedish National Board of Health and Welfare (Milos 201 3), TRIM
recommendations (Fried 2017) or the PRISCUS criteria (Thyrian 2017).

Onestudy usedthe McLeod criteriaand reported the rate of inappropriate medications prescribed per physician visit
postintervention (Tamblyn 2003).
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Potential prescribingomissions (PPOs) or under-use of medicationwerereportedin six studies (Frankenthal 2014;
Gallagher2011; Garcia-Gollarte 2014; Haag 2016; Schmader 2004; Spinewine 2007), and both were reported as
postintervention scores. The onlyimplicittool used was the Assessment of Under-utilisation of Medication (AUM)
instrument (Jeffery 1999; Gallagher 2011; Schmader 2004). Five studies used explicit tools including the seven

process measures from the full range of Assessing Care of Vulnerable Elderly (ACOVE) criteria (Spinewine 2007
yandtheScreeningTooltoAlertdoctorstotheRight Treatment(START)criteria(Frankenthal 2014; Gallagher2011;
Garcia-Gollarte2014;Haag2016). Allfive studies usingan explicittool reported the proportion of patientswithoneormore
PPOs,whichwere measured atvaryingtime pointsranging fromatthe pointofinpatientdischarge to 24-months follow-up.

Three other studies reported results in the form of combined PIM and PPO indicators/scores (Basger 2015; Michalek 2014;

Wehling 2016). One study measured appropriateness using the prescribing appropriateness criteria-set for
applicationinolder Australians (Basger 2012) and reported changes in the number of criteria met (Basger 2015). This
method uses acombination of both explicitand implicittools to measure appropriateness. Two studies used the Fit for

The Aged (FORTA) criteria (Kuhn-Thiel 2014), to evaluate the appropriateness of medications in terms of
unnecessary,inappropriate orharmful medications and drugomissions (Michalek 2014 Wehling2016).Inthe Michalek 2014
study, the number of drugs within each FORTA classification (i.e. FORTA drug labels range from A (indispensable), B
(beneficial), C (questionable) to D (avoid)), while the Wehling 2016 study reported the summated FORTA score
postintervention along with the change in FORTA score postintervention.

No other validated criteria (e.g. Zhan criteria) were reported.

The other primary outcome of interest in this review was hospital admissions (including unplanned hospital
readmissions). Twelve studies measured hospital admissions by examining hospital records at varying time points
postintervention (Campins 2017;Chiu2018;Crotty2004b; Franchi2016;Frankenthal 2014; Gallagher2011;Haag2016;
Muth 201 8; Spinewine 2007; Taylor 2003; Trygstad 2005; VanderLinden 2017) ranging from eight weeks (Crotty 2004b;
Spinewine 2007),onetothreemonths (Chiu2018;Haag2016;Trygstad2009;VanderLinden2017)andsix
monthstooneyear (Campins 2017; Franchi2016; Frankenthal 2014; Gallagher2011; Muth2018; Taylor2003).—

The secondary outcomes of interestin this review were medication-related problems (i.e. drug interactions, adverse
drug reactions (ADRs)), adherence to medication and quality of life. Medication-related problems, were measured in
eight studies and were reported as medication misadventures (defined as iatrogenicincidents that occuras a result of
error,immunological responseoridiosyncraticresponse and are always unexpected or undesirable to the participant)
Taylor2003), potential drug therapy problems (Trygstad 2005; Trygstad 2009), potential drug-druginteraction (DDI)

and potentially severe DDI (Franchi 2016) or postintervention adverse drug events (ADEs) (Crotty 2004b; Hanlon 1996;
Schmader 2004; Wehling 2016). Adherence to medication was measured in five studies (Campins 2017; Haag 2016; Muth
2016; Muth 2018; Taylor 2003), three studies used Morisky-Green test (Campins 2017; Muth 2016; Muth 2018), one
study used an adapted Morisky Medication Adherence Scale (MMAS) (Haag 2016), and one study assessed
adherence to medication via participant self-report (Taylor 2003). Adherence to medications was assessed at varying
time points postinterventionranging from 30 days (Haag 2016), six to nine months (Campins 2017; Muth 2018)and one
year(Muth 2016; Taylor2003). Quality of life (QoL)was assessedin 12 studies using the Medical Outcomes Study
36-itemShortForm healthsurvey (SF-36)inthreestudies (Basger2015;Hanlon 1996; Taylor2003), the Medical
Outcomes Study 12-item Short-Form Health Survey (SF-12) in one study (Frankenthal 2014), the EuroQol-ED (EQ-5D)
insix studies (Bladh2011; Campins 2017; Muth2016; Muth2018;Olsson2012;VanderLinden2017)the15
dimensional instrument of health-related quality of life (15D) in one study (Pitkala 2014), and the Quality of Life in
AlzheimerDiseaseinstrumentinone study (Thyrian 2017). Quality of lifewas assessed atvarying time points
postintervention ranging fromthree months (Basger2015; VanderLinden 2017), sixto nine months (Bladh 2011; Campins
2017; Muth 2018) and one year (Frankenthal 2014; Hanlon 1996; Muth 2016; Olsson 201 2; Pitkala 2014; Taylor 2003;

Thyrian 2017).
Excluded studies

Excluded publications thatwere read in fullare summarised alongwith the reasons for exclusionin the Characteristics of
excluded studies table.

Studies awaiting classification

Studiesforwhich sufficientinformationwas notavailabletodetermineeligibilityforinclusioninthis review have been
allocated to the Studies awaiting classification section.

Ongoing studies

Wedescribed ongoingstudiesidentified during completion of the reviewand provided details such as primaryauthor,
research question(s) and methods and outcome measures, together with an estimate of the reporting date in the
Characteristics of ongoing studies table appended to this review.

Risk of bias in included studies
Details of therisk of bias are presentedin Figure 2 and Figure 3 and in the Characteristics of included studies tables.

Allocation (selection bias)

Fourteentrials reported adequate sequence generation (Bucci 2003; Campins 2017; Clyne 2015; Crotty 2004a; Crotty
2004b; Gallagher2011; Garcia-Gollarte 2014;Haag 2016;Hanlon 1996; Milos 2013; Muth 201 8; Pitkala2014; Schmader
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2004; Thyrian 2017), and 13 reported concealment of allocation (Bladh 2011; Campins 2017; Clyne 2015; Crotty 2004a;
Crotty2004b; Frankenthal2014; Gallagher2011;Haag2016; Koberlein-Neu2016; Michalek2014;Milos 201 3; Pitkala2014;
Wehling 2016).

Blinding (performance bias and detection bias)

In 14 studies, blinded measurementof outcomes hadtaken placetoensurethat primaryoutcomeassessorshadno
knowledge oftheinterventionreceived by participants (Bucci2003;Clyne 2015; Crotty 2004b; Dalleur2014; Franchi2016;
Frankenthal 2014; Gallagher 2011; Haag 2016; Hanlon 1996; Muth 2016; Pitkala 2014; Schmader 2004; Tamblyn 2003;
Wehling 2016). Blinding of participants and personnel had taken place to ensure there was no performance bias in

five studies (Garcia-Gollarte 2014; Michalek 2014; Muth 2016; Olsson 2012; Pitkala 2014).

Incomplete outcome data (attrition bias)

Incomplete outcome data were adequately addressed in 21 studies. In one study (Schmader 2004), 864 participants were
randomlyassignedbutonly 834 wereincludedintheanalysis,and nointention-to-treatanalysiswas reported. Therefore, it
was unclear whether all outcome data were included.

Selective reporting (reporting bias)

Three studies (Koberlein-Neu 2016; Spinewine 2007; Thyrian 2017) were considered at highrisk of reporting bias. Inthe
Spinewine 2007 study, the authors failed to report one of the secondary outcomes, medications taken.

Similarity of baseline characteristics

Ineightstudies, baseline demographicdifferences existed betweeninterventionand controlgroups and therewas no
reported adjustment of results to account for baseline differences in analyses.

Other potential sources of bias
The primary outcome measures used werereliableinstrumentsin all studies, forexample, MAl kappavalue = 0.84.

Participantsinsix studies were protected from contamination (Clyne 2015; Crotty 2004a; Michalek 2014; Muth 201 8; Pitkala
2014, Thyrian2017).In 14 studies itwas unclearwhether protection against contamination had been provided (Basger 2015;
Dalleur2014;Franchi2016; Frankenthal 2014; Fried 2017; Gallagher2011; Garcia-Gollarte 2014; Milos 2013; Muth 2016;
Olsson2012; Schmader 2004; Tamblyn 2003; Trygstad 2005; Trygstad 2009), and 12 studies were determined to have

highrisk of contamination (Bladh 2011; Bucci2003; Campins 2017; Chiu2018; Crotty 2004b;Haag 2016; Hanlon 1996;
Koberlein-Neu 2016; Spinewine 2007; Taylor 2003; Van der Linden 2017; Wehling 2016). Contamination bias occurs

whenmembersofthe controlgroupareinadvertentlyexposedtotheintervention, thus potentiallyminimising
differencesin outcomes betweenthetwo groups (Higgins 2011). This isanimportantlimitation for this review, where, in
somestudies, forexample,apharmacistinvolvedinthe provision of pharmaceutical care to members of the intervention
group may have inadvertently modified the treatment of those in the control group as aresult of having knowledge of the
intervention. The possible influence of contamination bias should be considered when the results of this review are
interpreted.

Funnelplots of postintervention estimates of medication appropriateness (as measured byanimplicittool),the number
of potentially inappropriate medications, the proportion of patients with one or more potentially inappropriate
medications and the proportion of patients with one or more potential prescribing omissions showed little evidence of
publication bias (Figure 4; Figure 5; Figure 6).

Effects of interventions

Therewasalack of certaintyregardingtheeffects of pharmaceutical careinterventionsincludedinthis reviewon
inappropriate prescribing (medication appropriateness (as measured by an implicit tool), the number of potentially
inappropriate medications (PIMs), the proportion of patients with one or more PIMs and the proportion of patients with
one or more potential prescribing omissions (PPOs)). Pharmaceutical care may reduce the number of PPOs, however it
must be noted that this effect estimate is based on only two studies, which had serious limitations in terms of risk bias.
Hospital admissions, as reported in 12 studies, were reduced in four studies (Chiu 2018; Crotty 2004b; Taylor 2003;
Trygstad 2009) (in one cohort, but notin the remaining nine cohorts), and eight studies (Campins 2017; Franchi 2016;
Frankenthal 2014; Gallagher2011; Haag 2016; Muth 2018; Spinewine 2007; Van der Linden 2017) found little or no
difference.

No consistentintervention effect on medication-related problems was observed across studies (eight studies); these
problems were reported in terms of adverse drug events (ADEs) (Crotty 2004b; Hanlon 1996; Schmader 2004; Wehling
2016), medication misadventures (Taylor 2003), potential drug therapy problems (Trygstad 2005; Trygstad 2009),

and potential drug-drug interactions (DDIs) or potentially severe DDIs (Franchi 2016). Improvementin adherence to
medication was demonstrated in one study (Taylor 2003), while the other four studies (Campins 2017;Haag 2016; Muth
2016;Muth 2018) found little or no difference. Inthe Vander Linden 2017 study, analysis showed that participantsinthe
intervention group experienced an increased quality of life (QoL), in the Pitkala 2014 study, there was a decline in QoL

in both the intervention and control groups, although the decline was significantly lower in the intervention group
(-0.038 in the intervention group versus -0.072 in the control group), and no changes in QoL were detected in 10
studies (Bladh2011;Basger2015; Campins 2017; Frankenthal 2014; Hanlon 1996; Muth2016; Muth2018; Olsson 2012;
Taylor 2003; Thyrian 2017).
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Based on the GRADE approach (Guyatt 2008), the overall certainty of the body of evidence for each primary outcome

for which datawere included in a meta-analysis was deemed to be low or very low, which means that the confidence
inthe effect estimatesis very limited. Although each study included in the meta-analyses was of arandomised design,
and, where assessed, no evidence of publication bias was found (Figure 4; Figure 5; Figure 6), the certainty of the body of
evidence was downgraded for each outcome based on other GRADE considerations (i.e. study limitations,
consistency of effect, imprecision, indirectness) (Appendix 5).

Primary outcome results

Medication appropriateness (as measured by an implicit tool)

Itisuncertainwhether pharmaceutical careimproves medication appropriateness (as measured by animplicittool)
because the certainty of this evidenceis verylow (5 studies,N=517). Three studies reported medication
appropriatenessusinganimplicit (judgement-based)assessmenttool (Bucci2003; Crotty 2004a; Muth 2016),and
furtherunpublished datawere received from the authors of two studies (Crotty 2004b; Spinewine 2007). All of these studies
usedtheMedication Appropriatenessindex (MAIl)astheimplicittool. Comparisonof medicationappropriateness(as
measured by animplicittool) from baseline to follow-up between the intervention group and the control group is shown in
Analysis 1.1.—Overall, a greater improvement in medication appropriateness (as measured by an implicit tool)
postintervention was seenin the intervention group compared with the control group (mean difference (MD) -4.76, 95%
confidenceinterval (Cl)-9.20t0-0.33;12 = 95%; 5 studies; N = 517, Analysis 1.1).-Marked heterogeneity between studies
was noted (95%). Crotty 2004areportedaunitofanalysiserror;nursinghomesweretheunitofrandomisation, butthe
analysiswas conducted at the participantlevel. Asensitivity analysis excluding Crotty 2004a showed a similarimprovement
in medicationappropriateness (as measured byanimplicittool) (MD-5.16,95%Cl-11.04t00.72;12 = 96%; N = 446,
Analysis 1.2) infavour of the intervention group. A further sensitivity analysis removing both Crotty 2004a and Spinewine
2007,anoutlying studywith alarge effect size thathad a high risk of bias with respect to selection bias (allocation
concealment), performance bias, detection bias, contamination bias and selective reporting, alsoshowedagreater
improvementin medicationappropriateness(as measured byanimplicittool)intheinterventiongroup, butthe magnitude of
the difference was smaller compared with previous analyses (MD -0.50, 95% Cl -2.27 to 1.28; 12 = 57%; N = 260, Analysis
1.3). The level of heterogeneity between studies was also found to have reduced.

We downgraded the certainty of the body of evidence for medication appropriateness (as measured by an implicit tool) to
verylow. Veryserious designlimitations withimplicationsinterms of selection bias, performance bias, reporting bias and risk
of contamination bias were identified in several studies. Spinewine 2007 was deemed to have high risk of bias in terms of
selection bias (allocation concealment), performance bias, detection bias, contamination bias and selective reporting, which
resulted in the downgrading of the certainty of evidence. The certainty of evidence was downgraded due to indirectness,
some studies answered a restricted version of the research question, as a validated assessment of under-prescribing was
notincluded as part of the overall assessment of inappropriate prescribing. Therefore, interventions did not directly target
appropriate polypharmacy. Additionally, evidence of inconsistency (12 = 95%) was identified, as well as imprecision in the
effectestimate, wherebythe 95%Clwaswideand/or crossedtheline of no effect. These observationsresultedinthe
downgrading of the certainty of evidence.

Potentiallyinappropriate medications (PIMs) (including the number of potentiallyinappropriate medications and
the proportion of patients with one or more PIMs)

Pooleddatafromsevenstudies (Bladh2011;Clyne2015; Garcia-Gollarte2014; Koberlein-Neu2016; Pitkala2014;
Schmader2004;Spinewine 2007) showed thatthe numberof potentiallyinappropriate medicationswas lowerinthe
intervention group participants compared with control group participants postintervention (standardised mean difference
(SMD)-0.22,95%Cl-0.38t0-0.05;12=67%; 7 studies; N= 1832, Analysis 1.4). Thenumbers of PIMs were determined
using explicit (criterion-based) assessmenttools, including Screening Tool of Older Person’s Prescriptions (STOPP) (version
1:Gallagher2008),and Beers (1997 version: Beers 1997 and 2003 version: Fick 2003), PRISCUS criteria (Holt 2010

), and the drug-specific quality indicators established by the Swedish National Board of Health and Welfare (Fastbom 2015).
However, itis uncertainwhether pharmaceutical care reduces the number of potentiallyinappropriate medications because
the certaintyofthisevidenceisverylow. TheTrygstad 2009 study, whichalsoreportedthe numberofBeerslistdrugs,
comprised 10cohorts.Itwas notincludedinthe meta-analysis,asthestudydesign,analysisandreporting(e.g.using
propensity matching, reporting results as difference-in-difference) differed from the others, resulting in estimates that were
notsufficiently similartosupportinclusion. The Trygstad 2009 study, also reported no statistically significant reductionsin
Beers listalerts, which is not inline with the meta-analysis results. The Olsson 2012 study reported number of drug-risk
indicators per patientaccording to the drug-specific quality indicators established by the Swedish National Board of Health
andWelfareandthe Campins 2017 studyreportedthe proportion of patientswithatleastone drugdiscontinuation
based on STOPP criteria. These studies were not included in the meta-analyses as the analysis and reporting
differed from the other. We were also unable to ascertain the standard deviation of the results for two studies (Trygstad 2005;_
Van der Linden 2017), which were also not included in the meta-analysis.

We downgraded the certainty of the body of evidence for the number of potentially inappropriate medications to very low
duetoveryserious design limitations in both studies that wereincluded in the meta-analysis, withimplications in terms of
risk of selection bias, performance bias and contamination bias. Evidence of inconsistency (12 = 67%) was identified possibly
duetosomeofthestudiesansweringarestrictedversionoftheresearchquestion,asavalidatedassessmentofunder-
prescribingwas notincludedas partofthe overallassessmentofinappropriate prescribing. Therefore, allof the interventions
did not directly target appropriate polypharmacy.
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Eleven studies reported the proportions of patients with one or more potentially inappropriate medications (Clyne 2015;
Dalleur2014; Franchi2016; Frankenthal 2014; Fried 2017; Gallagher2011; Garcia-Gollarte 2014;: Haag 2016; Milos 2013;
Spinewine2007; Thyrian 201 7) beforeand afterintervention. The proportions of patients withone ormore PIMs were
determined using explicit (criterion-based) assessmenttools, including STOPP (version 1: Gallagher 2008), and Beers (1997
version:Beers 1997 and 2012 version: AGS2012) (Appendix 1),the Toolto ReduceInappropriate Medication (TRIM)
recommendations based on Beers (2012 version: AGS 2012) and STOPP criteria (version 1: Gallagher 2008), PRISCUS
(Holt2010)andthedrug-specificqualityindicators established by the Swedish National Board of Healthand Welfare
(Fastbom 2015). Pooled data from 11 studies showed thatimprovements were reported in the proportion of intervention
patients with one or more PIMs, compared to the control group participants, between baseline and discharge (risk ratio (RR)
0.79,95%C10.61to0 1.02;12 = 85%; 11 studies; N = 3079, Analysis 1.5). There was considerable heterogeneity among the
11 trials (heterogeneity: Tau2=0.14;Chi2=64.90,df=10(P <0.00001); 12 = 85%). Asensitivityanalysis excluding
Spinewine 2007, astudywith alarge effect size thathad a high risk of bias with respectto selection bias (allocation
concealment), performance bias, detection bias, contamination bias and selective reporting, showed similarimprovements
inthe proportion of intervention patients with one or more PIMs, compared to the control group participants, between
baseline and discharge (RR 0.79, 95%Cl1 0.61 to 1.02; 12 = 86%; 10 studies; N = 2893, Analysis 1.6). A further sensitivity
analysis removing both Spinewine 2007 and Gallagher 2011, which had asmaller treatment effect compared to the other
studies, also showed similarimprovementsinthe proportion ofintervention patients with one or more PIMs, compared to

the control group participants, between baseline and discharge (RR 0.88,95% C10.72 to 1.09; 12 = 75%: 9 studies; N = 2535,
Analysis 1.7).Itisuncertainwhether pharmaceutical care reduces the proportion of patients with one or more potentially
inappropriate medications because the certainty of this evidence is very low.

Wedowngraded the certainty ofthe body of evidence forthe proportion of patients withone or more potentiallyinappropriate
medications to very low. Very serious design limitations with implications in terms of selection bias, performance bias and
risk of contamination bias were identified in several studies. Spinewine 2007 was deemed to have high risk of bias in terms
of selection bias (allocation concealment), performance bias, detection bias, contamination bias and selective reporting
whichresultedinthe downgrading the certainty of evidence. The certainty of evidence was downgraded due to indirectness,
as some studies answered a restricted version of the research question, as a validated assessment of under-prescribing
was not included as part of the overall assessment of inappropriate prescribing. Therefore, interventions did not directly
target appropriate polypharmacy. Additionally, evidence of inconsistency (12 = 85%) as well as imprecision in the effect
estimate, whereby the 95% Clwas wide and/or crossed the line of no effect was identified which resulted in the downgrading
of the certainty ofevidence.

Potential prescribing omissions (PPOs) (including the number of potential prescribing omissions and the
proportion of patients with one or more PPOs)

Pooleddatafromtwostudies(Garcia-Gollarte2014;Spinewine2007) showedthatthe numberofPPOswaslowerinthe
intervention group participants compared with control group participants postintervention (SMD -0.81, 95% CI -0.98 to -0.64;
2 studies; N = 569, Analysis 1.8). The number of PPOs was determined using explicit (criterion-based) assessment tools,
including Assessing Careof the Vulnerable Elderly (ACOVE) (version 1: Wenger2001)and START (version 1: Gallagher
2008). Pharmaceutical care may slightly reduce the number of potential prescribing omissions (low-certainty evidence).

We downgraded the certainty of the body of evidence for the number of potential prescribing omissions to low. Very serious
designlimitations withimplicationsinterms of selection bias, performance bias and risk of contamination bias were high or
unclearinboth studies. Spinewine 2007 was deemed to have highrisk of bias in terms of selection bias (allocation
concealment), performance bias, detection bias, contamination bias and selective reportingwhichresultedinthe
downgrading of the certainty of evidence.

Five studies (Frankenthal 2014; Gallagher 2011; Garcia-Gollarte 2014; Haag 2016; Spinewine 2007), also reported the
proportion of patients with one or more potential prescribingomissions. The proportions of patients with one or more PPOs
were determined using explicit (criterion-based) assessment tools, including START (version 1: Gallagher 2008), and
ACOVE (version 1: Wenger2001). The proportion of patientsintheintervention group with one or more potential
prescribing omissions was lower than for those in the control group (RR 0.40, 95% C1 0.18t0 0.85; 12 = 90%; 5 studies: N =
1310, Analysis 1.9). Therewas considerable heterogeneity among the four trials (heterogeneity: TauZ = 0.67; Chi2 = 41.82, df
=4(P<0.00001); 12=90%). Itis uncertain whether pharmaceutical care reduces the proportion of patients with one or more
potential prescribing omissions because the certainty of this evidence is very low.

We downgraded the quality of the body of evidence for the proportion of patients with one or more PPOs due to very serious
design limitations with implications in terms of selection bias, performance bias and risk of contamination bias in several
studies. Spinewine 2007 was deemed to have highrisk of bias in terms of selection bias (allocation concealment),
performancebias, detection bias, contamination bias and selective reportingwhich resulted in downgrading the certainty of
evidence. Evidence of inconsistency (12 = 90%) was identified which resulted in the downgrading of the certainty of evidence.

As only one uni-faceted study was included (Tamblyn 2003), a subgroup analysis was not possible.

Hospital admissions

Twelve studies measured hospital admissions postintervention (Campins 2017; Chiu 201 8; Crotty 2004b; Franchi 2016;
Frankenthal 2014; Gallagher2011;Haag2016; Muth 2018; Spinewine 2007; Taylor 2003, Trygstad 2009; Van der Linden
2017). Eight studies (Campins 2017; Franchi2016; Frankenthal 2014; Gallagher2011;Haag 2016; Muth 2018; Spinewine
2007;VanderLinden2017) (N =3041) reported similar hospital admissions between intervention and control group
participants postintervention,andtheremaining studies reported someoverall reductionsinhospitaladmissions usinga
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variety of measurements, as detailed below.

Taylor 2003 reported areduction in both the number of hospital admissions (Pvalue = 0.003) and the number of emergency
departmentvisits (Pvalue = 0.044) during the intervention year compared with preintervention. Crotty 2004b reported less
hospitalusageamong participantswhoreceivedtheinterventionandwerestill alive ateightweeks postintervention
compared with control group participants (risk ratio (RR) 0.38, 95% CI 0.15 to 0.99). However, analysis of all participants
including deaths and losses to follow-up showed similar hospital usage in the intervention and control groups (-9 (16.7%)
with intervention versus -15 (26.8%) with control; RR 0.58,95% Cl 0.28to 1.21). Trygstad 2009 showed a reduction in the
RR of hospital admissionsin one cohort of nursinghome residents receiving retrospective-only-type medication reviews (RR
0.84,95%CI0.71t01.00; Pvalue =0.04). Theremaining eight cohorts alsohad an RRbelow 1.0; however, confidence
intervals fortheindividual pointestimates crossed the line of no effect. Inappropriate prescribingwas also reported by these
studies. Inthe study by Trygstad 2009, the Beers list was used to measure inappropriate medication, but no reductions were
observedinthe cohorts receiving retrospective medication review. In the remaining four studies, inappropriate prescribing
was reduced, as shown by reductions in PIMs, but the association with hospital admissions was inconsistent. Chiu 2018
reported thatthe unplanned hospital readmission rate one month after discharge was significantly lower in the intervention
group than that in the control group (13.2% versus 29.1%; P = 0.005).

Because of differences in methods used to measure hospital admissions and the expression of results, a meta-analysis was
not possible for studies reporting hospital admissions. Overall, pharmaceutical care may make little or no difference in
hospitaladmissions (low-certainty evidence). We downgraded the certainty of the body of evidence for hospitaladmissions to
verylowduetoveryseriousdesignlimitationswithimplicationsinterms ofselectionbias, performancebiasandrisk of
contamination bias in severalstudies.

Secondary outcome results -

Medication-related problems (e.g. adverse drug reactions (ADRs), drug-drug interactions (DDIs))
Medication-related problems were reported in eight studies (Crotty 2004b; Franchi 2016; Hanlon 1996; Schmader 2004;

Taylor2003;Trygstad 2005; Trygstad 2009; Wehling2016,N=10,087) using differentterms. Inthe studies which
gavedetails, medication-related problemsweremeasuredviahospitalrecords (Wehling 2016), patient self-report
duringcloseouttelephoneinterviews (Hanlon 1996), reviewingtheadverse eventnarrative usingNaranjo’s
algorithm (Schmader 2004), and using the INTERcheck® software to detect DDIs (Franchi 2016).

Noconsistentintervention effecton medication-related problemswas noted across studies. Four studies reported
medication-related problems as adverse drug events (ADEs) (Crotty 2004b; Hanlon 1996; Schmader 2004; Wehling 2016).
Schmader 2004 showed that the risk of a serious ADEwas reduced (RR0.65,95%Cl10.45t00.93;Pvalue=0.02)ina
geriatric outpatient cliniccompared with usual outpatient care; however, little or no difference inthe risk of an ADEwas noted
when all types of ADEs were considered (RR1.03,95%Cl10.86to 1.23; Pvalue = 0.75). Wehling 2016 showed that

the total number of adverse drug reactions (ADRs) of specific geriatric relevance (incidence of falls, confusion, nausea,
dizziness, obstipation, diarrhoea, dyspnoea, cardiac decompensation, angina pectoris and renal failure) were
significantlyreduced byimplementation of the FORTA-based intervention (Pvalue < 0.05). The othertwo studies (Crotty
2004b; Hanlon 1996), showed little or no difference between proportions of intervention and control group participants with
ADEs at follow-up. Franchi 2016 also reported no decrease in the prevalence of at least one potential DDI (odds ratio (OR)
0.67,95%Cl10.34to1.28)and potentiallysevere DDI(OR0.86,95%Cl0.63to1.15)atdischarge. Taylor2003 reported
medication-related problems as medication misadventures. Proportions of intervention group (2.8%) and control group
(3.0%) participants with at least one medication misadventure at 12 months were similar (Pvalue = 0.73).

Potential medication problems categorised as 'consider duration' (of therapy), 'clinical initiatives' and "therapeutic duplication'
were reported in the two North Carolina initiative studies (see Characteristics of included studies tables; Trygstad 2005;
Trygstad 2009). At three months, duration alert rates were reduced by 6.3%in the intervention group (N =5160) and

by 16.7%in the control group (N = 2202);—clinical initiatives were reduced by 10.8% in the intervention group and
0.7%inthecontrolgroup,andtherapeuticduplicationwasreducedintheinterventiongroupby9.4%andinthe

control group by 8.8% (Trygstad 2005). Control group results were not reported separately in Trygstad 2009. At

three months, duration of therapy alerts were reduced by 27.8% (mean differencein the difference (mDID) =-0.023;

Pvalue > 0.05); clinical initiative alerts were reduced by 13.9% (mDID = -0.24; P < 0.05); and therapeutic duplication

alerts were reduced by 5.6% (mDID = -0.087; P value > 0.05) (Trygstad 2009).

Adherence to medication

Five studies reported adherence to medication. Four studies reported little or no differences in adherence scores

between intervention and control groups at follow-up (Campins 2017; Haag2016; Muth2016; Muth 2018) based on

the Morisky-Green test and adapted Morisky Medication Adherence Scale. One study (Taylor 2003) (N = 69) reported
adherence to medication in terms of compliance scores, calculated through assessment of participants' reports of missed
doses. Those with medication compliance scores of 80% to 100% increased by 15% at 12 months from a mean (+ standard
deviation (SD)) of 84.9 + 6.7%to 100%in the intervention group (N = 33), but the control group (N = 36) did not change from
88.9% + 5.8%atbaselineto 88.9% + 6.3%at 12 months (Pvalue =0.115). Because of differences in methodologyinthe
measurement of adherence and the expression of results, a meta-analysis was not possible for studies reporting adherence
to medication.

Quality of life (Qol) (as assessed by a validated method)
Twelve studies (Basger 2015; Bladh 2011; Campins 2017; Frankenthal 2014; Hanlon 1996; Muth 2016; Muth 2018; Olsson
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2012; Pitkala2014; Taylor 2003; Thyrian 2017; VanderLinden 2017,N=3211)assessed QoL using four different scales
(EQ-5D, SF-36,SF-12 and 15D). Inthe Van der Linden 2017 study, analysis showed that participants in the intervention
group experienced anincreased QoLwhen compared tothe control group. Inthe Pitkala 2014 study, therewas a
declinein QoL (using the 15D) in both the intervention and control groups, although the decline was significantly
lowerintheintervention group (-0.038 inthe intervention group versus -0.072 in the control group). Little or no
differences in QoL scores (SF-36, EQ-5D and SF-12) were observed between groups at baseline or at endpointin ten
studies (Basger 2015; Bladh 2011; Campins 2017; Frankenthal 2014; Hanlon 1996; Muth 2016; Muth 2018; Olsson 2012;
Taylor2003;Thyrian2017).Pharmaceutical care may makelittle ornodifferencein QoL (low-certainty evidence). The
certainty of the body of evidence for QoL was downgraded to low. Very serious design limitations with implications in terms of
selection bias, performance bias and risk of contamination bias were identified in several studies. Because of differences in
methodologyin the measurement of quality of life and the expression of results, ameta-analysis was not possible for studies
reporting quality of life.

Discussion

Summary of main results

Theaddition of 20 studies to this updated review, whichnowincludes 32 studies, highlights anotableincreaseinintervention
studies that have been conducted to date aimed at improving appropriate polypharmacy in older people. However, these
additional 20 studies had little impact on the overall findings of the review. The included studies were limited by their small
sample sizes and poor certainty of evidence (as assessed using GRADE).

Thepresentationof primaryoutcomedatainthisupdatedifferedto previousversionsofthereview. Thereviewauthors
consideredthatwiththe ever-increasingnumberoftools/indicators being developedand usedinstudiestoassess
inappropriate prescribing, it may not be helpful to continue subgrouping outcomes according to the specifictool (i.e. STOPP
versus Beers). Instead, the outcomes were classified under the broad categorisation of medication appropriateness (as
measured by animplicittool), potentiallyinappropriate medications (PIMs) (which consists of the number of PIMs and/or the
proportion of patients with one or more PIMs) and potential prescribing omissions (PPOs) (which consists of the number of
PPOs and/or the proportion of patients with one or more PPOs). For example, rather than looking at explicit tools like STOPP
and Beers individually, the current review has focused on the number of PIMs and pooled relevant data (using appropriate
statistical methods), assessed by different tools. The standardised mean difference (SMD) is used as a summary statisticin
meta-analyses when the studies all assess the same continuous outcome but measure it in a variety of ways (for example,
the studies measuring the numbers of PIMs using different explicit tools). In this circumstance, itis necessary to standardise
theresultsofthestudiestoauniformscale beforetheycanbecombined. TheSMDexpressesthesizeoftheintervention
effectin each study relative to the variability observed in that study. This would also therefore ameliorate any differences
between revised versions of the same scale (i.e. Beers criteria: 1997, 2003 and 2012 versions).

Medicationappropriateness (as measured byanimplicittool) were normally distributed and were more suitable for meta-
analysis, but greater heterogeneity was noted among the included studies (12 = 95%), largely because of the

influence of the results of one study (Spinewine 2007). Overall, medication appropriateness (as measured by animplicit tool)
inthe intervention group postintervention was greater than thatin the control group and indicated animprovementin the
appropriateness of the medications prescribed. Asensitivity analysis inwhich Crotty 2004awas removed because

of a unit of analysis error showed further improvement in the effect estimate when compared with the meta-
analysis. Furthermore, removal of an outlying studywith alarge effect size (Spinewine 2007), reduced heterogeneity butalso
reducedtheeffectestimate. Thismayhavebeenrelatedtothesmallsamplesizeforthis meta-analysis (82intervention
participantsand 85 control participants). However,itis uncertainwhether pharmaceutical careimproves medication
appropriateness (as measured by an implicit tool) because the certainty of this evidence is very low.

Whenthestudies measuring PIMs (i.e. based onthe numberof PIMs and/orthe proportion of patientswithoneormore
PIMs), as determined using explicit tools (criterion-based), were combined the number of PIMs: Bladh 2011; Clyne 2015;
Garcia-Gollarte 2014;Koberlein-Neu 2016; Pitkala2014; Schmader 2004; Spinewine 2007; the proportion of patients with
oneormorePIMs: Clyne 2015; Dalleur 2014; Franchi 2016; Frankenthal 2014; Fried 2017; Gallagher 2011; Garcia-Gollarte
2014;Haag 2016; Milos 2013; Spinewine 2007; Thyrian 2017), differences between intervention and control groups in the
number of PIMs favoured the intervention group. A sensitivity analysis excluding Spinewine 2007, a study with a large effect
size thathad a highrisk of bias showed similarimprovements in the proportion of intervention patients with one or more
PIMs, compared to the control group participants, between baseline and discharge. A further sensitivity analysis removing
both Spinewine 2007 and Gallagher 2011, which had a smaller treatment effect compared to the other studies, also showed
similarimprovementsinthe proportionofintervention patientswithoneormorePIMs,comparedtothe controlgroup
participants, between baseline and discharge. Itis uncertain whether pharmaceutical care reduces the number of PIMs or the
proportion of patients with one or more PIMs because the certainty of this evidence is very low.

Whenthestudies measuring PPOs (i.e. based onthe numberof PPOs and/orthe proportion of patientswithone ormore
potential prescribingomissions), as determined using explicittools (criterion-based), were combined (The number of PPOs:
Garcia-Gollarte 2014; Spinewine 2007; the proportion of patients with one or more PPOs: Frankenthal 2014; Gallagher 2011;
Garcia-Gollarte 2014;Haag 2016; Spinewine 2007), therewas areductionin the proportion of patients with one or

more PPOs in the interventions group compared to the control groups. The heterogeneity present in the meta-

analysis may have been due to the fact that the studies employed a number of different measurementinstruments (Analysis
1.8; Analysis 1.9). Furthermore, differences between intervention and control groups in the number of PPOs also favoured
theintervention group. Itis uncertain whether pharmaceutical care reduces the proportion of patients with one or more PPOs
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because the certainty of this evidence is very low. Yet, pharmaceutical care may slightly reduce the number of PPOs (low-
certainty evidence). However, the clinical significance of these changes is unclear due to the fact that this effect estimate is
based on only two studies, which had serious limitations in terms of high risk of bias.

The various tools used to assess inappropriate prescribing in the included studies are surrogate markers of appropriate
polypharmacy. Aswas observed in previous versions of this review, few studies examined clinical outcomes, and this should
be addressedinfuture studies. Forexample, only 12 studies reported on hospital admissions and quality of life. However, we
were unable to combine these results, as the reporting styles were different across studies. Based on available evidence,
pharmaceutical care may makelittleornodifferenceinhospitaladmissions orquality of life (low-certaintyevidence).

Overall completeness and applicability of evidence

The types of interventions included in the review were limited. Few trials aimed to improve the skills of the prescriber. Most
interventionswere pharmaceutical careinterventions,whichincluded outreach by pharmacists, screeningofautomateddrug
alerts by consultant pharmacists visiting nursing homes and clinical pharmacist interventions in various settings. Only two
trials involving computerised decision support (CDS) (one of which had incorporated CDS as a component of a multi-faceted
intervention) were identified.—The interventions were complex and mostwere multi-faceted. The observed heterogeneity
observed in the pooled estimates means that the results of the meta-analyses should be treated cautiously as the
interventions did notseemtowork consistentlyacrossall studies. Therewas alsoalack of studies which have explored
implementationatthe populationlevel.Inaddition, study-specificfactors, suchasvariationinthe quality of studies, may have
playedarole. The methods sections of studies provided little detail on how complex interventions were developed, howtrials
weredesignedandhowstaffweretrainedindeliveryoftheintervention. Otherinformation pertinenttothe success of
pharmaceutical care interventions including background practice and culture, documentation, communication and sharing of
information and extent of access to clinical records given to intervention pharmacists was not stated clearly in the papers.

Although the effect of interventions on potentially inappropriate prescribing (PIP) was potentially promising and
suggested that some of the interventions described in this review may have helped toimprove the appropriateness of
polypharmacy, despiteobservedlimitationsintheavailableevidence,theclinicalimpactofthesereductionsin
inappropriate prescribingis not known. For example, the clinicalimpact of a mean difference of 0.22 PIMs between
intervention and control group patients is unclear. This is partly due to the fact that the predictive validity of many
assessmenttools has not been established (Cahir 2014). Inaddition, we were unable to pool datafrom included studies for
clinical outcomes such as hospital admissions due to heterogeneity in terms of outcome assessment and reporting across
studies

Furthermore, fewrigorously conducted studies have testedinterventions and examinedclinically relevantoutcomes
such as hospitaladmissions or ADEs. Twelve studies in this review reported hospital admissions postintervention (Campins
2017:Chiu2018;Crotty2004b; Franchi2016; Frankenthal 2014; Gallagher2011;Haag2016; Muth 2018; Spinewine 2007;
Taylor2003; Trygstad 2009; Vander Linden 2017), and four studies (Crotty 2004b; Gallagher 2011; Spinewine 2007; Taylor
2003)reportedthatthe appropriatenessof prescribingimproved, aswas shown byreductions in PIMs, althoughthe
association with hospital admissions was inconsistent. In Trygstad 2009, little or no difference was found in the number of
Beers list alerts postintervention, butthe relative risk of hospital admissions was reduced. Use of differentappropriateness
scalesintheincluded studies made it difficult to assess the impact of any change of medication appropriateness on hospital
admissions. Similarly, some associations between measures of medication appropriateness and medication-related
problemsappearedtoexistbutweredifficulttoassess becauseofvariationinscalesusedtomeasureoutcomesandin
reporting methods.

Evidence of potential bias was found in numerous studies. Forexample, only 13 studies reported adequate concealment of
allocation,and onlysix reported appropriate protection from contamination, both of which may have influenced the effect
estimate in these studies and therefore the overall pooled estimate.

Theaimofmanyoftheinterventionstudiesincludedinthisreviewwastoreduce harmresultingfrominappropriate
prescribing and to ensure that older people were prescribed appropriate medications that enhance their quality of life. In
previous iterations of this review, several studies focused on reducing the number of medications, rather than improving
overallappropriateness of prescribing, includingunder-prescribing, thatis, recommending medications thatare clinically
indicated yet are currently missing. An increasing number of studies meeting the inclusion criteria included a validated
assessmentofunder-prescribing;threestudiesintheupdated reviewassessed under-prescribingaddingtothethreestudies
reportedinthe previous version. Furthermore, anincreasing number of studies meeting the inclusion criteriaalsoincluded a
measure of quality of life, however only one of the 12 studies reported a benefit; this may be due to the fact that the follow-up
period ranged from three months to 12-months follow-up.

Certainty of the evidence

Althoughweidentified 32 studies, pooled analyses remain limited. Forexample, the meta-analysis based on the number of
PPOs per participant comprised just two studies. This limits the value of any pooled effect estimate. Furthermore, as shown
inthe Summary of findings table 1, the certainty of evidence presented in this review, as described by the GRADE
approach,remainsloworverylow. Despiteinclusionofdatafromrandomisedtrialdesignsinthe meta-analyses, the
certainty of the body ofevidencewas subsequently downgraded when each of the GRADE considerations (i.e. study
limitations, consistency of effect, imprecision, indirectness, publication bias) was taken into account. This limits our
confidence in the pooled effect estimates.

Basedonobserved heterogeneityinthe pooled effectestimates, thefindings of meta-analyses [medication appropriateness
(as measured by an implicit tool), the number of PIMs and proportion of patients with one or more PIMs or PPOs) should be
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treated cautiously, as the interventions did not seem to work consistently across all studies. Factors contributing to this
heterogeneity could have included variation in type, intensity and duration of interventions, as well as differences in the
timing of follow-up assessments. Inaddition, study-specificfactors such as variationin study quality may have playedarole.
However, no systematic approach was used to ensure a consistent level of detail in published reports of the interventions.
Forexample, the methods sections of the studies provided little detail on the development of complex interventions, trial
design or staff training in delivery of interventions. Other information pertinent to intervention success, such as
documentation, communication and intervention pharmacists' level of access to clinical records, was not clearly reportedin
the papers. The specific processes that constituted successful interventions were often unclear, which may have contributed
to heterogeneity in effectestimates.

Potential biases in the review process

No language restrictions were placed on the search strategy, but all of the included trials were published in English and were
conductedin high-income countries. Despite the limited number of studies included in the meta-analyses, funnel plots of
studies reporting medication appropriateness (as measured by an implicit tool), the number of PIMs, the proportion of
patients with one or more PIMs, the number of PPOs and the proportion of patients with one or more PPOs, outcomes
revealed no apparent publicationbias.

Agreements and disagreements with other studies or reviews

Othersystematicreviews havereportedthatthe mostinfluential factoraffecting theresults of pharmaceutical care
interventions is the way that interventions were conducted, for example, face-to-face consultations with physicians
achieved agreater reduction in the number of medications taken than was achieved by written recommendations (Rollason
2003).Anothernarrativereviewreported thattimely provision of theintervention, thatis, prospectiveadviceatthe
timeof prescriptionratherthanatthetime of dispensing of medication, is more effective (Spinewine 2007a). Arecent
and related Cochrane Review of interventions to optimise prescribing forolder peoplein care homes (Alldred 2016), found
no evidence of anintervention effect on any of the primary outcomes, which included ADEs and hospital admissions. Other
studies of interventions conducted across a variety of settings have also been unable to detect the effects of
pharmaceutical care on these outcome measures (Holland 2007; Spinewine 2007a; Johansson 2016). One systematic
review (Kaur 2009), revealed that the most successful types of interventions used to reduce inappropriate
prescribinginolder peoplewerethosethathad multi-disciplinaryinvolvementincludingageriatrician, utilised CDS

orhad mandatory pharmaceutical services or drug restriction policies in place. Results of this current review largely
support the findings described above, as most of the pharmaceutical care interventions involved a multi-disciplinary
component,andthe CDSintervention study (Tamblyn2003) reportedapositive result. ACochrane Review of
interventionstoimprove outcomesin patients with multimorbidityin primary care and community settings (Smith 2016),
foundthatthere mayhave beensmallimprovementsinproviderbehaviour(interms of prescribingbehaviour)and
patient-reported outcomes (i.e. quality of life). Additionally, a systematic review and meta-analysis (Meid 2015) found that
pharmaceutical careinterventions, including medication reviews, can significantly reduce medication underuseinolder
people.

Authors' conclusions

Implications for practice

Theevidence obtainedwhenresults ofthese studies were combinedis ratherweak, anditis uncertainwhether
interventions provided to improve appropriate polypharmacy, such as pharmaceutical care, resulted in clinically
significantimprovement. Uncertainty surrounds the effects of suchinterventionsonhospitaladmissionsand
medication-related problems, and it could be argued that these are the critical outcomes for patients. However, the
pooledeffectestimates suggestsomeimprovementsinoutcomes suchasthenumberofpotential prescribing
omissions (PPOs) and potentially inappropriate prescriptions but due to limitations with the quality of evidence,
uncertainty exists. Therewas alack of certainty regarding the effects of pharmaceutical careinterventionsincludedin
this reviewoninappropriate prescribing (medicationappropriateness (as measured by animplicittool), the number of
potentiallyinappropriate medications (PIMs), the proportion of patients with one or more PIMs and the proportion of
patientswithone ormorePPOs. Pharmaceutical care mayslightlyreduce the numberof PPOs (howeveritmustbe
noted thatthis effectestimateis based on only two studies, which had serious limitations in terms of high risk of bias),
especiallywhenamulti-disciplinaryelementisincludedinthe provision of care (Bucci2003; Crotty 2004a;Crotty 2004b:;
Gallagher 2011; Garcia-Gollarte 2014; Hanlon 1996; Schmader 2004; Spinewine 2007; Taylor 2003). In addition,
although only two studies that involved CDS were included in this review, it would appear that computerised decision
support (CDS)is a helpful component ofinterventions forimproving appropriate polypharmacy (Clyne 2015; Tamblyn 2003).

Given the difficulties involved in applying the results of clinical studies to older people, physicians should carefully
considertheirsources ofevidenceand recommendationstofindtherightbalance betweenavoidingthe 'risk /treatment
paradox'(high-riskolderpatients denied safe medications capable of materiallyimproving survival or quality of life)and
avoiding inappropriate use of medications for which risks are likely to outweigh benefits (Scott 2010). It must also
benotedthattheinterventionstudiesincludedinthis reviewfocusedonreducinginappropriate prescribingof

prescription medications and over-the-counter (OTC) medication use was often not assessed, nor was it

specifically examined as part of this review. OTC medication use is common among older patients receiving
prescriptionmedicationswiththe potentialfordruginteractionstooccur(Agbabiaka2017). Thisshould notbeoverlooked by
healthcare professionals when reviewing older patients’ medication use.

Basedonthefindings of ourupdated review, we are stilluncertain aboutwhich elements of theintervention processes
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constitute successinimproving appropriate polypharmacy,and anumberof questions remain unanswered. Forexample, is it
sufficient to provide the intervention during a single episode of care, or should patients be exposed to the interventionona
daily/weekly or monthly basis? What is the optimal duration of an intervention, and should interventions ideally be multi-
facetedoruni-faceted?Itisclearthatcontrolof processestosupportfidelityand controlofthechoseninterventionsis
critical.Stafftrainingisimportanttoensureconsistency;thereceptivenessof prescribers, patients and staffinvarious
settings will have an impact on the uptake and effectiveness of interventions in older people. —

Implications for research

Overall,the qualityofthe studiesinthis reviewwas poor,andfurtherresearch shouldattendtorigourinstudy
design.Moreresearchisneededtotestwhetherexistingtoolsforcomprehensive medicationreview(e.g.the
hyperpharmacotherapyassessmenttool (HAT tool) (Bushardt 2008) and other similar interventions) can improve
appropriate polypharmacy. Since the last update of this review, a Scottish working group has published a guidance
document on polypharmacy, which included a seven-step process for standardised and structured medicines

reviews that are holistic, patient-centred and consider non-pharmacological treatments (Scottish Government Model of Care
2018),aswellasareviewofthe qualityof developmentofavailableguidelinesto promoteappropriate polypharmacy
(Stewart2017). Further population-based researchis required to evaluate theimplementation and effect of these resources
on prescribing for olderpeople.

Uncertainty about which elements of the intervention are critical to successful outcomes needs to be addressed. On

the basis of the studies included in this review, this poses challenges, as details of intervention development and
deliverywerelacking. Methods of specifying and reporting complex interventions, as well as theirimplementation
strategies, are necessaryto strengthenthe evidence base required forinterventions to be more effective,
implementable and replicable across different settings (Michie 2011; Proctor 2013). Future intervention studies targeting
appropriate polypharmacy could benefit from guidance provided by the framework of the Medical Research Council
(MRC) on the design of complex interventions (MRC 2008). This framework recognises the importance of the initial
stage of intervention development, in which evidence and theory are used to inform the selection of relevant
components before the intervention is piloted, and the feasibility of delivering it in practice is assessed. These initial
stages precede formal evaluations seeking to establish the effectiveness of the intervention. Despite the potential
availability of the MRC guidelines before the start of the new studies highlighted in this update, only oneincluded study
(Clyne 2015) and two ongoing studies (Anrys 2016; Sinnott 2017) referred to using the MRC guidelines when developing and
evaluating their interventions.

Adequate documentation of intervention development and intervention content as well as the training and
background of providers that may be critical to intervention effectiveness is essential for facilitating replication of
successful interventions in practice. However, no studies included in this review referred to using available
interventiontoolsreporting, suchasTIDieR (Templateforintervention Descriptionand Replication) checklist (Hoffmann
2014).

The framework of the MRC 2008 also outlines the potential application of qualitative methodologies, such as semi-
structured interviews, to involve users and to gaininsights into the processes of change that underlie the intervention.
Forexample, establishingthereasonswhynotallinterventions areaccepted maybeenlighteningand maysupport
research into the development of more successful interventions. There appears to be a ceiling effect (approximately
75%),wherebyinappropriate prescribing continues despite the evidence base of interventions (Furniss 2000; Zermansky
2006).Qualitativeinterviews of prescribers mayuncoverreasons as towhytheydid notacceptinterventions (e.g.
timing or appropriateness of provision of the intervention, the expertise of providers). Additionally, poor prescribing
practice must be explored and understood with the goal of learning how to improve it and how to enhance patient

safety byreducing the need forintervention. Theimportance of these investigations extends beyond the research
context alone. Given the high financial expenditure that has been attributed to potentially inappropriate prescribing

(PIP)in older people (Bradley 2012; Cahir 2010), itis likely that policy makers will continue to be interested in the costs of
these types of interventions.

Inthe previous version of this review (Patterson 2014), we recommended that future studies should utilise clearer
definitions of appropriate polypharmacy because the term'polypharmacy’ can be both negative and positive,and

this duality of meaning makes objective research difficult (Bushardt 2008). Reports by the King’s Fund in the UK (King's
Fund 2013) and Scottish Guidance on polypharmacy (Scottish Government Model of Care 2018), discussed the need to
reconsider current definitions of polypharmacy on account of the increasing numbers of medications being prescribed to
patients and recommended that polypharmacy should be defined as appropriate (i.e. medicine use has been optimised and
medicines prescribed according to best evidence) or problematic (i.e. medicines have been prescribed inappropriately or
intended benefits have not beenrealised). Although the potential benefit of having a simple means of identifying patients at
particularrisk forinappropriate prescribing and adverse effects was acknowledged, the authors of the King's Fund report
notedthatexistingthresholds usedtodefine polypharmacy, suchasfourorfiveormoremedicines, maybetoolow.A
pragmaticapproachwas proposed to identify patients warranting medication review, which focused on particular patient
groups (e.g. patients receiving > 10 regular medicines, patients receiving four to nine medicines with other risk factors).

Forthe purposeofthisupdate, the definition of polypharmacywas notchangedfromthatusedintheoriginal
review.Althoughathreshold offourormoremedicines maynowbe consideredtobelowinthecontextofolder
peoplewithmultimorbidity, itisimportanttorecognisethatthe numberof medicines usedtodefine polypharmacyis
arbitrary. Furthermore, conceptualising polypharmacy solely onthe basis of the number of medicines prescribedis
often unhelpful as this approach fails to recognise that the appropriate number of medicines varies according to
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individual patients’ clinical needs and, moreover, may overlook the omission of potentially beneficial medications,

which can equally have a negative impact on clinical outcomes (Cadogan 2016). Hence, for the purpose of the current
update, our focus was oninterventions targeting the appropriateness of the medications prescribed for older people.
However, future updates of this review may reconsider the criteria used to define polypharmacy were validated tools to
assess potentiallyinappropriate prescribinginolder people, such as Beers criteria, are not specifically designed to measure
appropriate polypharmacy, it is important that future interventions should include assessments of potentially inappropriate
omissions/under-prescribing with the goal of improving appropriate polypharmacy.

Thejudgementastowhethermany (appropriate polypharmacy)ortoomany (inappropriate polypharmacy) medications

areusedisdifficult. Thecomplexityof theclinical situation, patientattributes andwishesandtheindividuality of
prescribing for older complex patients will remain a challenge in this regard. Development of a new, universal, easily
applied, valid andreliable outcome measure of appropriate polypharmacyin primary careis currently underway (Burt 2016).
Ideally, this measure should be globally applicable across various healthcare and cultural settings.

Itisimportantthatsufficientdetailaboutthe contextinwhichcomplexinterventionsare conducted,suchasthose
includedinthis review, is reported and understood, so the transferability of complexinterventions can be assessed (Wells
2012).Forexample, heterogeneityamongolder people inrelation to differing levels of frailty (Spinewine 2007a) means that
translational research and retesting of successful interventions may be necessary in dissemination to new populations, asa
population of quite healthy 70-year-old people may respond differently to an intervention compared with a group of very frail
92-year-old individuals.

Itisworth noting that only one of the included studies followed participants for longerthan 12 months (Frankenthal 2014).
Thelack of evidence of effectiveness of pharmaceutical care interventions may be due in parttoinadequate length of follow-
up.Futurestudiesshould belongerindurationtoaddressthisissueandtoevaluatethelonger-termsustainability of
pharmaceutical care interventions in improving the appropriate use of polypharmacy for older people.

Perhaps mostcritically, the selection of clinicaland humanisticoutcomes appropriate forolder people (e.g. hospital
admissions, adverse drug events (ADEs)) will be important to considerin future studies. Strategies forimproving the
evidence base for older patient care have been reviewed by Scott 2010. Indeed, a key challenge for interventions
aimedatimprovingappropriate polypharmacyforolder peopleistheselectionandreporting of consistent
outcomes(i.e. patient-related or medication-related outcomes). The Core Outcome Measures for Effectiveness

Trials (COMET) initiative was launched to develop and apply core outcome sets (COS), which have been

proposed as one method of addressing this problem (Williamson 2017). ACOS is an agreed and standardised set of
outcomesoroutcomedomainswhichshouldbe measuredandreported,asaminimum,inalltrialsinaspecific
clinical area. Alongside the Core Outcome Set-STAndards for Reporting (COS-STAR) guidelines (Kirkham 2016), the
developmentof COSsinaspecifichealthareashouldfacilitate morerobustsynthesis ofevidenceinthefuture. A

COS foruseininterventions to improve the appropriate use of polypharmacy for older people in primary care is now
available (Rankin 2018). The adoption of this COS will streamline the outcomes routinely measured in trials investigating
appropriate polypharmacyin older people in primary care. This will ultimately facilitate the comparison and synthesis of
outcomedataacrossstudies, therebyhelpingtodeterminewhichinterventionsworkandinformbothclinicaldecisionmaking
and health policy.
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Differences between protocol andreview

Asonlytwo studies (Bucci2003; Crotty 2004a) reported the primary outcome measure of change in medication
appropriateness used in the previous iteration of this review, we used postintervention results of potentially inappropriate
medications (PIMs) and potential prescribing omissions (PPOs) in the meta-analyses to compare the effect sizes of the
interventions.

Furthermore, we modified ourapproach to pooling outcome data for potentially inappropriate prescribing (PIP), to instead
classify the outcomes under the broad categorisation of PIMs or PPOs. For example, rather than looking at explicit tools or
implicit tools individually (i.e. the Screening Tool of Older Person’s Prescriptions (STOPP) versus the Medication
AppropriatenessIndex (MAI)), the currentreviewhas focusedonPIMs (i.e.the numberof PIMs), while the meta-analysis
previous entitled “change in MAI score” has beenrefocused toinclude studies including dataon “medication appropriateness
(as measured by an implicit tool)” to align with the original primary outcomes of interest.

The search strategy was modified slightly from that used in the original review to avoid limiting the search unnecessarily.
Based on a recommendation made following the search development process for the previous review, the term
'polypharmacy' was searched alone (e.g. not combined with the concept of “age” using the Boolean operator “AND”) because
mostoftheliteratureon polypharmacyfocusesonolderpopulations.Thesearchstrategywas alsomodifiedtoinclude
relevantnewindextermsin MEDLINE sincethe lastsearch, (such as: potentiallyinappropriate medicationlist/) and
additional search terms included (such as deprescribing and drug discontinuation).

EBM Reviews, ACPJournal Club, The Joanna Briggs Institute EBP Database and PsycINFO were not searched for this
update because they ceased updates, are currently indexed in other databases (MEDLINE, Embase and CINAHL) and it was
deemed unlikely to yield anything unique for the topic respectively.

To comply with Cochrane and EPOC requirements, we have now included the most important outcomes in the 'Summary of
findings'table which were: medication appropriateness (as measured by an implicit tool), the number of PIMs, the proportion
of patients with one or more PIMs, the number of PPOs, the proportion of patients with one or more PPOs, quality of life, and
hospital admissions.

Published notes
Characteristics of studies

Characteristics of included studies
Basger 2015
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Methods

Study design: randomised trial

Unit of allocation/analysis: participant

Follow-up: 3 months post discharge

Duration: unclear

Providers: clinical pharmacist, GPs and registered nurses

Participants

Setting/participants: Quote: “216 older patients (over 65 years old) were randomised
intocontrolorinterventiongroupsatdischargefroma50bed private hospitalin
Sydney, Australia. Patients were admitted fortreatment of chronic medical conditions
suchas diabetesand heartfailure,inadditionto rehabilitation after jointreplacement
surgery performed atother hospitals. Their medical conditions and medications were
representative of older Australian community patients. Eligibility criteriaconsisted of
ageover 65 years, English speaking, taking five or more medications and living within
a 15 kmradius of the hospital. Patients with cognitive impairment were excluded”

Focusonpolypharmacy:included participants taking five ormore medications
(numberofregular medications reported as control patients: 10.6 = 3.2, range 4 to 20;
intervention patients 11.3 = 3.3, range 4 to 20. Pvalue=0.11)

Age(mean): 82.7 + 7.3 years,range 65 to 97 yearsintervention, 80.2 + 6.7 years,
range 65 to 93 years control

Male: 22.5%intervention, 22.8% control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: pharmacists worked on hospital wards as a clinical
pharmacyservice, the pharmacist(s) conducted anindependent medication review
togetherwith participants during aface-to-face encounterwhichwas senttothe
patient’s own GP

Training:uncleariftrainingwas provided as partoftheintervention
Timing of intervention: at hospital discharge

Quote: “Intervention patients then received medication counselling and anin-depth
interview fromthe clinical pharmacistto facilitate completion of a medication review,
sentto their GPwithin 3 days of discharge. Medication review consisted of medication
reconciliation, identification of (potential) causes of DRPs and recommendations for
theirresolutionand prevention. Opportunities for self-managementwerediscussed
with the patient. Reviews explained medication changes made in hospital.

They were completed by a clinical pharmacist (BJB) with postgraduate qualifications in
clinicalpharmacy, 15years’ experiencein medicationreviewand accreditationthrough
proof of continuing education and by examination. Recommendations represented an
evidence-basedrisk-benefitevaluationofthe consequences of discontinuingor
initiating medication. Intervention patients received a copy of the review. Separately
andas perhospital protocol,aregisterednurseexplained eachpatientsdischarge
medications to them—both control and intervention—with a copy sent to the patients
GP, together with a medical summary written for those patients attended by a
specialist

Control participants received usual care”

Outcomes Change in the number of prescribing appropriateness criteria met (prescribing
appropriateness criteria-set for application in older Australians)
Change in HRQoL (SF-36)

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclearrisk|Insufficient information to permit judgement

(selection bias)

Allocation concealment (selection Unclearrisk|Insufficient information to permit judgement

bias)

Blinding of participants and High risk |Quote: “The clinical pharmacist (one of the authors) collected all relevant

personnel (performance bias) demographic, medicaland medication dataandintervention patientsthen
received medication counselling and an in-depth interview from the clinicalf
pharmacisttofacilitate completion of amedication review; lack of blinding
also acknowledged as a limitation of the study”

Blinding of outcome assessment Unclearrisk|Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |High risk |22 intervention patients and 11 control group patients were lost to follow-

up: analysis was based on patients available at follow-up

Selective reporting (reporting bias)

Low risk

All outcomes described were reported

Baseline characteristics similar?

High risk

Baseline demographic differences existed between intervention and
controlgroups.Noreportedadjustmentofresultstoaccountforbaseline
differences in analysis

Reliable Primary outcome measure

Low risk

Validated assessment tools were used to assess appropriateness of
prescribing (Australian prescribing indicators)

Protection against contamination

Unclearrisk

Insufficient information to permit judgement

Bladh 2011
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Methods

Study design: randomised trial
Unit of allocation/analysis: participant
Follow-up: 6-months follow-up
Duration: unclear

Providers: pharmacist

Participants

Setting/participants: 400 older patients (199interventionand 201 control) patients
admittedintwointernalwards atSahlgrenska University Hospital/Moélndal in Sweden

Focus on polypharmacy: median (IQR) number of drugs at baseline was 7 (4 to 9)
intervention, 7 (4 to 10) control

Age (median (IQR)): 81 (72 to 87) years intervention, 82 (75 to 86) years control
Male: 39% intervention, 40% control

Ethnicity: no information given

Interventions

Model of pharmaceutical care: medication reviews by pharmacists with feedback to the
physicians,drugtreatmentdiscussionwith patientsatdischargeand medication
reports

Training: no educational intervention was specified
Timing of intervention: during inpatient stay

Quote: “Intheintervention group, patients were treated by the same physicians/nurses
andthefollowing additional interventions were performed by one of three pharmacists
(LB, EO orJK):

- Continuous medicationreviewsincluding oralfeedback on prescribingto physicians;
- Drug treatment discussion with the patient at discharge,;

- Amedication report, given to the patient at discharge and sent to the patient’s GP
(the regular discharge summary was sent to the patient’s GP independent of the
study). Data on prescribing were obtained from the medical records.

No medication history was taken by the pharmacists.

Medication reviews were performed with acomputer support system (MiniQ), which
identified potentially inappropriate prescribings according to the three drug-specific
quality indicators (PIPs) analysedin

the present study, established by the Swedish National Board of Health and Welfare
for evaluation of drug therapy in the elderly:

- Drugsthatshouldbeavoidedintheelderly:forexamplelong-actingbenzodiazepines
and drugs with anticholinergic action.

- Three or more psychotropic drugs: that is antipsychotics, anxiolytics, hypnotic-
sedatives and antidepressants.

- Potentially serious drug-drug interactions: category D according to the
pharmaceutical specialities in Sweden (FASS), that is, drug combinations that should
be avoided”

Patients in the control group received normal care

Outcomes Drug-specific quality indicators (PIPs) - the Swedish National Board of Health and
Welfare for evaluation of drug therapy in the elderly
Quality of life (EQ-5D)

Notes NCT0106301

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk|Insufficient information to permit judgement

(selection bias)

Allocation concealment (selection Low risk Quote: “Sequentially numbered, sealed envelopes were opened after

bias) participantdetails werewrittenandtransferredtotheassignmentcard
via a carbon paper inside the envelope”

Blinding of participants and Unclear risk|Insufficient information to permit judgement

personnel (performance bias)

Blinding of outcome assessment Unclear risk|Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Low risk Missingoutcomedatabalancedinnumbersacrossinterventiongroups,

with similar reasons for missing data across groups

Selective reporting (reporting bias)

Low risk

Thestudyprotocolis notavailable butitis clearthatthe published
reports include all expected outcomes, including those that were pre-
specified

Baseline characteristics similar? |Unclear risk|Authors state that “No differences in baseline characteristics could be
detectedbetweentherandomisationgroups.”However, results of formal
statistical comparison notreported

Reliable Primary outcome measure |Low risk Threedrug-specificqualityindicators (PIPs)analysedinthe present

study, established by the Swedish National Board of Health and Welfare
for evaluation of drug therapy in the elderly

Protection against contamination

High risk

Patients inthe intervention and control groups were treated in the same
wards by the samephysicians

Bucci 2003
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Methods

Studydesign:randomisedtrial (block design, usingacomputerisedrandomisation
scheme)

Unit of allocation/analysis: participant
Follow-up: 1 month after intervention
Duration: unclear

Providers: pharmacists

Participants

Setting/participants: 80 participants (39 intervention and 41 control) enrolled at a
hospital clinicatthe University Health Network Toronto General Hospital, Canada

Focus on polypharmacy: mean number of medications atbaseline 7.6 intervention, 6.0
control

Age (mean): 56.4 yearsintervention, 60.2 years control
Male: 78.9% intervention, 78% control
Ethnicity: no information given

Interventions

Model of pharmaceutical care pharmacists: worked as partof amulti-disciplinaryteam
inoutpatientclinics, the pharmacist(s) conducted anindependent medication review

togetherwith participantsduringaface-to-faceencounterwhichwerediscussedwith

the multi-disciplinary team members

Training: educationwas providedtoprescribersandotherhealthcare professionals
included in the multi-disciplinary team

Timing of intervention: at hospital discharge

Quote: “Theinterventioninvolvedreceiptof pharmacistservices, thatis, functioningas
part of a healthcare team, meeting participants' drug-related needs and ensuring
continuity of care. Specifically, this involved the pharmacist reviewing the
appropriateness ofdrugtherapy, makingrecommendations forchange and providing
information aboutmedications, theiradministration and theiradverse effects

Thoserandomlyassignedtothe non-interventiongroupreceived usual carefromother
clinic staff”

Outcomes Quote: “Participant outcomes were assessed by the research assistant pharmacist at
baseline and at follow-up using the MAl and the directive guidance scale
Appropriateness of prescribing was determined by preintervention and
postintervention mean MAI scores
The Purdue Pharmacist Directive Guidance score rated the guidance provided by the
pharmacist. Directive guidance is described as pharmaceutical care activities such as
providing information about medicines, their administration and their potential to cause
adverse effects”

Notes Quote: “The participant chart was reviewed by a research assistant pharmacist who

was blinded to the intervention, and information required to assess the
appropriateness of medications was abstracted. A summated MAI score was
determined for each participant at least 1 month after the intervention. Follow-up took
place at a scheduled clinic visit or by telephone”

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement
Random sequence generation Low risk  |Quote: “Using a computerised randomisation scheme”
(selection bias)
Allocation concealment (selection Unclear risk|Insufficient information to permit judgement
bias)
Blinding of participants and Unclear risk|Quote: “Theresearch assistantwas blinded to the intervention. Patient
personnel (performance bias) charts were reviewed by the research assistant, blinded to the
intervention, and information to assess the appropriateness of
medications was abstracted”
Unclear if staff or patients were blinded
Blindingof outcomeassessment Low risk  |Quote: "Patient outcomes were assessed by the research assistant
(detection bias) (blinded to theintervention) at baseline and at follow-up”
Incomplete outcome data (attrition |Low risk  |One participant in the intervention group had died at follow-up

Selective reporting (reporting bias)

Low risk

All outcomes were reported

Baseline characteristics similar? |Low risk  |Baseline participant characteristics were reported. Results adjusted to
account for baseline demographic differences between intervention and
control groups

Reliable Primary outcome measure |Low risk  |The MAI has good (kappa value = 0.59) to excellent (kappa value = 0.83)

reproducibility

Protection against contamination

High risk

Quote: “The presence of the pharmacist in the clinic may have
contaminated medication appropriateness results of the non-intervention
group”

Campins 2017
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Methods

Study design: randomised trial
Unit of allocation/analysis: participant
Follow-up: 1 year

Duration: unclear

Providers: clinical pharmacist

Participants

Setting/participants: 503 older patients (252 intervention and 251 control) recruited
from Primary Health Care Centres in Spain

Focus on polypharmacy: included participants taking eight or more medications
Age(mean +SD): 79.16 + 5.5 yearsintervention, 78.78 + 5.5 years control
Male: 39.7% intervention, 42.6% control

Ethnicity: no information given

Interventions

Model of pharmaceutical care: clinical pharmacistevaluated all drugs prescribed to
each patient using the GP-GP algorithm, which were discussed with the patient’s
physician

Training: no educational intervention was specified
Timing of intervention: during a single GP visit

Quote: “Theintervention consisted of 3 consecutive phases. First,atrained and
experienced clinical pharmacist evaluated all drugs prescribed to each patient using
the GP-GP algorithm and basing their decision about appropriateness on the
STOPP/START criteria. Second, the pharmacist discussed recommendations for each
drug with the patient’s physician in order to come up with a final set of
recommendations.

Drugassessmentwas conductedinall cases by the same clinical pharmacist (IG).
Finally, these recommendations were discussed with the patient, and a final decision
was agreed by physicians and their patients inaface-to-facevisit. Allchangesin
prescribed medicationwereregisteredintheelectronicclinical notes andinthe study’s
record form. The goal of the study intervention was to improve current prescription
medicationincommunity-dwellingelderlypersonsinoursettingand soimprove
routine clinical practice.

Control group patients followed the usual treatments and control procedures of their
physicians”

Outcomes Drug appropriateness (STOPP/START criteria)
Hospitalisations
Quality of life (EQ-5D)
Adherence (Morisky-Green)

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk |Quote: “One-to-oneassignmentwas based onalistofrandomnumbers

(selection bias) generated by a statistical program”

Allocation concealment (selection Low risk |Quote: “Each family physician received 10 sealed, opaque envelopes with

bias) identification numbers (assigned consecutively in strict chronological order
of recruitment) onthe back. Each envelope contained a card with the
same identification number and the intervention group to which the subject
was assigned”

Blinding of participants and High risk |Quote: “Open-label trial; physicians aware of patients’ allocation to

personnel (performance bias) intervention and control groups”

Blinding of outcome assessment High risk |The results were not evaluated blind

(detection bias)

Incomplete outcome data (attrition |High risk |Differencesinlossestofollow-upbetweeninterventionandcontrolgroup

Selective reporting (reporting bias)

Low risk

The study protocolis notavailable butall outcomes outlinedinthe
methods section are analysed and reported

Baseline characteristics similar?

Low risk

Baselineparticipantcharacteristicswerereported.Nosignificantbaseline
differences between intervention and control groups

Reliable Primary outcome measure

Low risk

Quote: “Decisions regarding medication appropriateness guided by
STOPP/START”

Protection against contamination

High risk

Quote: “A second limitation is possible intervention-to-control contagion,
giventhatthe prescribing physicianswhoreceivedrecommendationsfrom
the pharmacistregardingintervention group patients also had patientsin

the control group. The control group could thus have indirectly benefited

fromtheintervention,therebydiluting—butnotincreasing—the effect of

the intervention study”

Chiu 2018
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Methods

Study design: non-randomised trial
Unit of allocation/analysis: participant
Follow-up: 3-months post discharge
Duration: unclear

Providers: clinical pharmacist

Participants

Setting/participants: 212 older patients (108 intervention and 104 control) recruited
from Primary Health Care Centres in Spain

Focus on polypharmacy: number of drugs on admission (mean = SD), 9.4 + 3.4,
intervention, 9.4 + 3.7, control

Age (mean +SD): 83.3 = 5.7 years intervention, 83.3 + 5.6 years control
Male: 50.0% intervention, 46.2% control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: the pharmacist performed medication reconciliation an
medication reviews

Training: no educational intervention was specified
Timing of intervention: during inpatient stay

Quote: “Intervention was conducted by a pharmacist who was presentin the unitfrom
Monday to Saturday. The pharmacist provided pharmaceutical care from admission to
discharge. Interventions performed by the pharmacist consisted of the following:

(1) Medicationreconciliationonadmissiontoidentify unintended discrepancies
between medications prescribed onadmissionandthe usual medications priorto
admission

(2) Medication reviewto check for medication appropriateness onadmissionandalso
at discharge—medication appropriateness was assessed by the Medication
Appropriateness Index (MAI).

(3) Pharmacist counsellingonadmissionand alsoatdischarge was provided to
improve patients’ drug knowledgetoensure properuse of drugsand compliance after
discharge. Adischarge counselling service was provided for all patients who returned
home.

The control group received routine clinical services”

Outcomes MAI score per patient
The proportion of subjects with inappropriate medications
Unplanned hospitalisations

Notes

Risk of bias table
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. Authors' .

Bias judgement Support for judgement

Random sequence generation High risk |Quote:“Eligible subjects wereassignedtoaninterventionorcontrolgroup

(selection bias) according to the admission day of the week. Those who were admitted on
Monday through Thursday were assigned to the intervention group, and
those admitted on Friday through Sunday to the control group”

Allocation concealment (selection High risk |Quote:“Eligible subjectswereassignedtoaninterventionorcontrolgroup

bias) according to the admission day of the week. Those who were admitted on
Monday through Thursday were assigned to the intervention group, and
those admitted on Friday through Sunday to the control group”

Blinding of participants and High risk |Quote: “The pharmacistwho carried outthe review and data extraction

personnel (performance bias) was notblindedtothe studyhypothesisandthegroup status of the
subjects”

Blindingof outcomeassessment High risk |Quote: “The pharmacistwho carried outthe review and data extraction

(detection bias) was notblindedtothe studyhypothesisandthegroup status of the
subjects”

Incomplete outcome data (attrition |Unclear Loss betweenadmissionanddischargereported, butnoinformation

bias) risk given regarding loss to follow-up

Selective reporting (reporting bias) [Low risk  |All outcomes highlighted in the methods section were reported

Baseline characteristics similar? [Low risk |Baseline participant characteristics were reported. Quote: “There were no
statistical differences in the baseline characteristics of patients”

Reliable Primary outcome measure |Low risk  |MAI is a validated tool

Protection against contamination |High risk |Study conducted within a single hospital unit

Clyne 2015
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Methods

Study design: randomised trial (cluster)
Unit of allocation: GP practices

Unit of analysis: participant

Follow-up: unclear

Duration: unclear

Providers: GPs and pharmacist

Participants

Setting/participants: 196 patientsfrom 12 GPpracticeswithinthegreater Dublinarea
were invited to participate by e-mail with a follow-up telephone call. Practices were
eligibleifthey had atleast 80 patientsaged 70years orolderandwere based in
greater Dublin. Consenting practices wereinstructed torandomly select 50 patients
from this age-group with capacity to provide informed consent.

Focus on polypharmacy: number of repeat medications, mean (SD), 10.2 (4.5)
intervention, 9.5 (4.1) control

Age (mean): 77.1 (4.9) years intervention, 76.4 (4.8) years control
Male:55.6%intervention,51.5 control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: medication review provided by the GP

Training: educationinthe formofacademicdetailingwith the pharmacistwas provided
to GPs, patients alsoreceivedinformation leaflets duringthe medicines' reviews

Timing of intervention: during a single GP visit

Quote: “Intervention participants received a complex, multifaceted intervention
incorporating academic detailing; review of medicines with web-based pharmaceutical
treatmentalgorithmsthatproviderecommendedalternative-treatmentoptions;and
tailored patient informationleaflets

The multifacetedinterventioninvolved academicdetailingwithapharmaciston how
GPs can review medicines with participating patients; the medicine reviews were
supported by web-based pharmaceutical treatment algorithms for GPs that provided
evidencebasedalternative treatmentoptionstoPIPdrugs,andtailored patient
information leaflets

Control practices delivered usual care and received simple, patient-level PIP
feedback”

Outcomes

The proportion of patients with potentially inappropriate prescriptions

The mean number of potentially inappropriate prescriptions based on STOPP criteria

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk |Quote: “Practices were allocated to intervention and control groups by an
(selection bias) independent researcher using minimisation”

Allocation concealment (selection Low risk |Quote: “Selection bias was minimized by collecting baseline data before
bias) minimization,whichwascarriedoutbyanindependentthird party”
Blinding of participants and High risk |Quote: “Patients and GPs were not blinded to allocations”

personnel (performance bias)

Blinding of outcome assessment Low risk |Quote: “Outcome assessor was blinded to allocations”

(detection bias)

Incomplete outcome data (attrition |Low risk |Nopracticeslosttofollow-upandlossesofpatientswithininterventionand)|

control arms were equal (six patients in each arm). Analyses were
performed according tolITT

Selective reporting (reporting bias)

Low risk

All outcomes described were reported

Baseline characteristics similar?

Low risk

Baseline participant characteristics were reported. Results adjusted to
account for baseline demographic differences between intervention and
control groups

Reliable Primary outcome measure

Low risk

Quote: “The preliminary list of individual PIP criteria forinclusion in the
study was compiled from the most commonly cited existing published
criteria. These included the Beers criteria, the STOPP criteria, The
McLeod criteria, the Improving Prescribing in the Elderly Tool (IPET), the
Assessing Care of the Vulnerable Elder (ACOVE) and the Prescription
Peer Academic Detailing (Rx-PAD) study”

Protection against contamination

Low risk

Quote: “Acluster design was chosen to avoid the possibility of
contamination across arms”

Crotty 2004a
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Methods

Study design: randomised trial (cluster)

Unit of allocation: 10 residential facilities

Unit of analysis: participant

Follow-up: 3 months

Duration: 2 case conferences 6 to 12 weeks apart

Providers: resident's GP, geriatrician, pharmacist, home care staffand Alzheimer's
Society representative

Participants

Setting/participants: 154 residents (100 intervention and internal control and 54
external control) from 10 high-level residential aged care facilities (nursing homes) in
Southern Adelaide

Focus on polypharmacy: residents were prescribed more than 5 medications
Age(mean): 85.3years(95%Cl84.0t0 86.6)intervention, 83.6years(95%CI81.3to
85.9) external control

Male: 44%intervention, 43%external control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: the pharmacistconducted anindependent medication
review using participant notes which were then were discussed with a multi-
disciplinary team during case conferences

Training: education (provided by the Alzheimer’s Association of South Australiain) the
form of a training workshop was provided to all members of the multi-disciplinary team

Timing of intervention: during a single nursing home visit

Quote: “A medication review was conducted before a multi-disciplinary case
conference. The resident's GP, a geriatrician, a pharmacist, carers and a
representative from the Alzheimer's Association of South Australia attended the case
conferences, which were held at the nursing home. At the case conference, care staff
expanded on any issues in the case notes that required discussion, and the
Alzheimer's representative discussed non-pharmacological management of dementia-
related behaviour. A problem list was developed by the GP in collaboration with the
care staff

A half-day training workshop examining use of a toolkit in the management of
challengingbehaviourswas providedtoallfacilitiesinthe study, including control
facilities”

Outcomes

Medicationappropriatenesswasassessedusingthe MAIL. Changein MAlwas
reported. Allresidents had their medication charts reviewed before and after the
intervention by an independent pharmacist

The NursingHome Behaviour Problem Scale (NHBPS) was used to assess the effect
of the intervention on residents' behaviour

Monthly drug costs for all reqular medications on the government's pharmaceutical
benefits schemewere calculated forall residentsintheintervention and control groups

Notes

Mean MAl score at baseline and at follow-up (3 months)
Unit of analysis error

Risk of bias table
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Authors'

personnel (performance bias)

Bias judgement Support for judgement

Random sequence generation Low risk Quote: “Computer-generated random numberswereused by a
(selection bias) researcher independent of investigators”

Allocation concealment (selection Low risk Quote: “Randomly allocated by the pharmacy department using
bias) sequential sealed opaque envelopes to receive the case conferences”
Blinding of participants and Unclear risk |Insufficient information to permit judgement

Blinding of outcome assessment
(detection bias)

Unclear risk

Insufficient information to permit judgement

Incomplete outcome data (attrition
bias)

Low risk

Those lostto follow-up were stated, and anITT analysis was used

Selective reporting (reporting bias)

Low risk

The impact of case conferences on appropriateness of medication and
participant behaviours were stated as the objectives

Baseline characteristics similar?

Unclear risk

Baseline participantcharacteristicswerereported. Results of statistical
comparisons between intervention and control groups not reported

Reliable Primary outcome measure

Low risk

The MAl has good to excellent reproducibility (kappavalue =0.59to
0.83)

Protection against contamination

Low risk

No evidencewas found of a carry-over effect to other residents within
the facilities

Crotty 2004b
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Methods

Study design: single-blind randomised trial
Unit of allocation/analysis: participants
Follow-up: at 8 weeks

Duration: unclear

Providers: transition co-ordinator pharmacist, nurses

Participants

Setting/participants: 110 (56 intervention and 54 control) eligible patients making first-
timetransitionfromahospitalto 1 of 85long-termresidential carefacilitiesin Southern
Adelaide, South Australia. Patients were eligible if they or their carer gave consentand
they had a life expectancy > 1 month

Focuson polypharmacy:the numberof preadmission medicineswas 6.6 intervention
group and 7.7 controlgroup

Age (mean): 82 years (95%Cl180.2t0 83.7) intervention, 83.4years(95%CI81.7to
85.1) control

Female: 58.9% intervention, 63% control
Ethnicity: non-English speaking background: 8.9% intervention, 5.6% control

Interventions

Model of pharmaceutical care: the pharmacist conducted anindependent medication
reviewusingparticipant noteswhichwasthendiscussedwithamulti-disciplinaryteam
during case conferences

Training: education was provided to all members of the multi-disciplinary team
Timing of intervention: during hospital discharge to a nursing home

Quote: “Theintervention focused ontransferring information on medications to care
providers in long-term care facilities (first-time transition). When discharged from
hospital to long-term care facilities, participants' family physicians and community
pharmacists were faxed a medication transfer summary compiled by the transition
pharmacist. After transfer, the transition pharmacist co-ordinated an evidence-based
medication review thatwas conducted by community pharmacists within 10to 14 days
of transfer

Acaseconferencethatinvolvedthetransition co-coordinator,thefamily physician, the
community pharmacistand the nurse was heldwithin 14 to 28 days of transfer

Usual hospital discharge process was received by controls and included a standard
hospital discharge summary”

Outcomes

Quote: “The appropriateness of prescribing was measured using the MAI. Asingle
scorewasdeterminedforeach medicationreceived. Atotal MAlscoreforeach
resident was calculated as a sum of MAI scores

Secondaryoutcome measures included unplannedvisits to the emergency department
or hospital readmissions (grouped together as hospital usage), ADEs, falls, worsening
of mobility, behaviours, pain and increasing confusion”

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk |Quote: “A computer-generated allocation sequence that used block
(selection bias) randomisation”

Allocation concealment (selection Low risk |Quote: “Centralised hospital pharmacy service used for randomisation”
bias)

Blinding of participants and Unclearriskiinsufficient information to permit judgement

personnel (performance bias)

Blindingof outcomeassessment Low risk |Quote:“Independentpharmacistswhowereblindedtostudygroup
(detection bias) allocation assessed patients' medication charts and case notes”
Incomplete outcome data (attrition |Low risk |12 participantsintheinterventiongroupand10inthe controlgroupdied

or did not complete the study for other reasons

Selective reporting (reporting bias)

Unclear risk

Insufficient information to permit judgement

Baseline characteristics similar?

High risk

Baseline demographic differences existed between intervention and
controlgroups.Noreportedadjustmentofresultstoaccountforbaseline
differences in analysis

Reliable Primary outcome measure

Low risk

The validity of the MAI has been reported previously

Protection against contamination

High risk

Quote: “The transition pharmacist also co-ordinated a case conference
involving himself or herself, the family physician, the community
pharmacistand aregistered nurse at the facility within 14 to 28 days of the
transfer. Atthis case conference, thetransition pharmacistprovided
information concerning medication usage and appropriateness”

Dalleur 2014
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Methods

Study design: randomised trial

Unit of allocation/analysis: participant
Follow-up:atdischargeand 1 yearafterdischarge
Duration: unclear

Provider: inpatient geriatric consultation team (IGCT)

Participants

Setting/participants: Quote: “146 (74 intervention and 72 control) frail patients > 75
years of age admitted to Cliniques Universitaires Saint-Luc, a 975-bed teaching
hospital in Brussels, Belgium”

Focus on polypharmacy: mean number of medications at baseline: 7.2 intervention,
7.3 control

Age (median (IQR)): 84 years (IQR 81 to 87)intervention, 86 years (IQR 81 to 89)
control

Female: 58.1%intervention, 68.1%control

Ethnicity: no information given

Interventions

Model of pharmaceutical care: participants' medication lists were screened by a
geriatrician

Training:uncleariftrainingwas provided as partoftheintervention
Timing of intervention: during inpatient stay

Quote:“Intheinterventiongroup, geriatriciansused 64 STOPPcriteria(‘Duplicate
drugclasses’was notconsidered)tosystematically screenthelistof medications
being taken by participants on admission for potentially inappropriate medications and
provided oral and written recommendations to the ward physician during
hospitalisation for discontinuation of potentially inappropriate medications. Participants
also received standard IGCT care

Participantsinthecontrolgroupreceivedstandard carefromthelGCT.Control
participants' medications were routinely reviewed by the IGCT geriatrician, usingan
implicit approach (i.e. no explicit tool was used)”

Outcomes

Discontinuation of potentially inappropriate medications identified using STOPP criteria
Clinical significance of STOPP-related recommendations

Notes

Risk of bias table
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Authors'

Bias judgement Support for judgement

Random sequence generation Unclear  |Quote: “Eligible participants were allocated by the IGCT nurse to control or

(selection bias) risk intervention group by drawing of lots—Insufficientinformation to permit
judgement”

Allocation concealment (selection Unclear |Quote: “IGCT nurse assigned each participant to the geriatrician who had

bias) risk been allocated to the intended group after randomisation—insufficient
information on nurse’s involvement in IGCT to permit judgement of yes/no”

Blinding of participants and Unclear |Quote: “The attending ward physician (who was responsible for

personnel (performance bias) risk prescriptions during hospitalisationand atdischarge), the evaluatorand
participants were blinded to group assignment. However, the IGCT nurse
was not blinded, and insufficient information was provided on nurses’
involvement in the IGCT to permit judgement”

Blindingof outcomeassessment Low risk |Quote:“ThelGCTnurse providedtheevaluatorwithalistofthe patients

(detection bias) includedinthe study,whichdid not specifyallocation group. The evaluator
gathered data on the primary outcome”

Incomplete outcome data (attrition |Unclear |3 participantsintheinterventiongroupand9inthecontrolgroupwere not

bias) risk includedinthe primary outcome assessment because they did not receive

the allocated intervention, or because data were missing from their
discharge letters

Subsetof participantsineachgroupwasassessedat 1-yearfollow-up

Selective reporting (reporting bias)

Unclear

Characteristics associated with discontinuation of potentially inappropriate

risk medicationsatdischargewerelistedasasecondaryoutcomemeasure
but were not clearly reported in the results
Baseline characteristics similar? |Low risk |Baselineparticipantcharacteristicswerereported.Nosignificantbaseline
differences between intervention and control groups
Reliable Primary outcome measure |Low risk |STOPP criteria

Protection against contamination

Unclear
risk

Quote: “Toavoid contaminationbias, 2 ofthe 4 geriatriciansinvolvedin
the IGCT during the study period were allocated to the intervention group
because they used the STOPP criteria in their current practice; the other 2,
who had never worked with the STOPP criteria, were allocated to the
control group. However, this was a single-site study; therefore the
possibility of contamination bias cannot be ruled out”

Franchi 2016
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Methods

Study design: randomised trial (cluster)
Unit of allocation: hospital wards

Unit of analysis: participant

Follow-up: 12 months post-discharge
Duration: unclear

Providers: physicians

Participants

Setting/participants: Quote: “Patients consecutively admitted to ten internal medicine
and ten geriatric wards of Italian hospital. All patients aged 75 years or over
consecutively admitted to the participating wards were eligible”

Focus on polypharmacy: mean numberofdrugs, 6.3 (3.3) intervention, 5.7 (3.1)
control, subpopulation of patients on polypharmacy

Age (mean): 83.7 (= 5.9) years intervention, 83.8 (+ 5.6) years control
Male: 40.9%intervention, 43.7%control

Ethnicity: no information given

Interventions

Model of pharmaceutical care: pharmacists worked as part of inpatient services on
hospital wards as a clinical pharmacy service

Training: educationintheformofe-learningwas providedtoallclinicians
Timing of intervention: during inpatient stay

Quote: “E-learning platform. E-learning was delivered through an interactive web-
based platform

Contents ofe-learningfortheinterventionarm. The programdeliveredtoclinicians on
thewardsrandomlyassignedtotheinterventionarmincluded notionsof CGAand
geriatric pharmacology, together with training for the use of a third generation
assessmentinstrument (InterRAl Acute Care). The course on geriatric pharmacology
was structured in three main areas and five modules as follows: Area 1: main concepts
of CGA (Module A); Area 2: general geriatric pharmacology notions (Module B); Area
3: prescription appropriateness and related issues in older adults: (a) assessmentand
management of patients exposed to polypharmacy (Module C); (b) criteria and tools
fortherevisionand evaluation of prescription appropriatenessinolder people,suchas
Beers Criteria, Screening Tool of Older Person’s Prescriptions (STOPP), Assessing
Care of the Vulnerable Elderly (ACOVE), Inappropriate Prescribing in the Elderly Tool
(IPET)and the Medication Appropriateness Index (MAI) (Module D); (c) criteriaand
tools to evaluate potential drug-drug interactions (Module E)

The access to and utilization of each teaching module was linked to a self-evaluation
testandtospecificcentralized controls. Each modulewas divided in four sub-modules
that each participant completed with specific case reports and questions. The
INTERcheck® software,acomputerized prescription support system, was made
availabletocliniciansintheinterventionarmthroughtheinteractiveweb-based
platform, separately from the electronic clinical report form

Contents of e-learning for the control arm. The e-learning program for clinicians of the
control arm consisted only of a refresher on the basic notions of geriatric
pharmacology using Module Bas aweapon. The e-learning program for clinicians of
the control arm consisted only of a refresher on the basic notions of geriatric
pharmacology”

Outcomes Reduction in the prescriptions at hospital discharge of PIMs (Beers criteria)
Reduction of prescription of potential DDIs (PDDIs) or potentially severe DDIs
Length of hospital stay, mortality and incidence of any re-hospitalisation during the 12-
month follow-up period

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk |Insufficient information was provided to permit judgement
(selection bias)

Allocation concealment (selection Unclear risk |Insufficient information was provided to permit judgement

bias)

Blinding of participants and High risk Quote: “Single-blind controlled study: participating clinicians were not
personnel (performance bias) blind to study aims and treatment allocation”

Blindingof outcomeassessment Low risk Quote: “Allinvestigatorsinvolvedindatacollectionwereblinded toarm
(detection bias) allocation”

Incomplete outcome data (attrition |Low risk Participants lost to follow-up in intervention and control group were

stated, and both ITT analysis and per protocol analysis were used

Selective reporting (reporting bias)

Low risk

The study protocol is available and all of the study’s pre-specified
(primary and secondary) outcomes that are of interestin the review
have been reported

Baseline characteristics similar? |High risk  |Baseline demographic differences existed between intervention and
controlgroups.Noreported adjustmentofresultstoaccountforbaseline
differences in analysis

Reliable Primary outcome measure |Low risk Validated assessment tool used to assess appropriateness of

prescribing (Beers Criteria2012)

Protection against contamination

Unclear risk

Insufficient information was provided to permit judgement

Frankenthal 2014
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Methods Study design: randomised trial (parallel group)
Unit of allocation/analysis: participant
Follow-up: 12 months
Duration: 12 months
Providers: chief physician and study pharmacist

Participants Setting/participants: Quote: “A chronic care geriatric facility in central Israel. The facility
has 384 beds. 12wards:fivenursingdepartmentsforresidentsdependentintheir
activities of dailyliving (ADLs) withand without cognitive impairment (ADL-dependent
group), fourdepartmentsforelderlyadultsindependentintheir ADLs butdependentin
instrumental ADLs (e.g., use of telephone, shopping, food preparation, travel,
housekeeping, handling finances17 (ADL-independent group), and three departments
forresidents who are primarily cognitivelyimpaired butare abletowalk independently
andtherefore need special careto preventthemfrom gettinglost (primarily cognitively
impaired group).”
Focus on polypharmacy: baseline number of medications, mean (SD): Interventionn =
183, 8.8 (SD 3.4); Controln =176, 8.2 (SD 3)
Age (mean): Age,n (%):65to74yearsn=29(15.8); 75to 84 yearsn =63 (34.4); =
85n=91(49.7)intervention,65to 74yearsn=36(20.5); 75to 84 yearsn=63
(35.8); = 85 n = 77 (43.8) control
Male: 29.5%intervention,37.5 control
Ethnicity: no information given

Interventions Model of pharmaceutical care: medication reviews conducted by the study
pharmacists which where discussed with the chief physician
Training:uncleariftrainingwas provided as partoftheintervention
Timing of intervention: during inpatient stay
Quote: “The intervention consisted of amedication review by the study pharmacist for
allresidentsatstudyopeningand6and 12 monthslater. TheSTOPP/START criteria
wereappliedtoidentify PIMs and PPOs. Interventional recommendations thatthe
study pharmacist made for residents in the intervention group but not in the control
group were discussed with the chief physician at study opening and after 6 months.
The chief physiciandecided whetherto acceptthese recommendations and implement
prescribing changes.
The control group received usual pharmaceutical care”

Outcomes Proportion of potentially inappropriate prescriptions identified by STOPP
Proportion of PPOs identified by START
Quality of life (SF-12), falls, hospitalisations

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclearrisk|Insufficient information to permit judgement

(selection bias)

Allocation concealment (selection Low risk |Quote: “A physician who was not part of the study randomized

bias) participants. Fixed stratified randomization was used to allocate residents
togroups according to the three types of residents. Group allocation was
concealed fromthe study pharmacist, and participants were assigned to
one of the two groups using sealed envelopes”

Blinding of participants and High risk |Quote: “The intervention consisted of a medication review by the study

personnel (performance bias) pharmacist for all residents at study opening and 6 and 12 months later.
The study pharmacists and the chief physician were not blinded to group
assignment”

Blinding of outcomeassessment Low risk |Quote: “Nurseswhowere unaware of participants’ group assignments

(detection bias) assessed the outcome measures in the study population”

Incomplete outcome data (attrition JLow risk |Participants lost to follow-up in intervention and control group were stated

and similar across both groups

Selective reporting (reporting bias)

Low risk

The study protocolisavailableand all of the study’s pre-specified (primary|
and secondary) outcomes that are ofinterestin the review have been
reported

Baseline characteristics similar? |Low risk |Baseline participantcharacteristicswerereported.Nosignificantbaseline
differences between intervention and control groups
Reliable Primary outcome measure |Low risk |Validated assessmenttool usedtoassessappropriatenessof prescribing

(STOPP/START criteria)

Protection against contamination

Unclearrisk

Insufficient information to permit judgement

Fried 2017
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Methods

Study design: randomised trial
Unit of allocation/analysis: participant
Follow-up: 3-months post discharge
Duration: 3-months

Providers: clinical pharmacist

Participants

Setting/participants: 128 older patients (64 intervention and 64 control) recruited from
primary care clinics at a Veterans Affairs Medical Centre in Connecticut

Focus on polypharmacy: Number of drugs on admission (= SD), 13.4 (+ 5.2)
intervention, 13.8 (= 4.8) control

Age: mean age not reported. Participants categorised according to age bands
Male: 98.4% intervention, 98.4% control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: clinician receives recommendations based on the
information provided from the TRIM web tool

Training: no educational intervention was specified
Timing of intervention: during a single GP visit

Quote: “The TRIM consists of two web applications. The first extracts information on
medications and chronic conditions fromthe EHR. The second consists of three
components. Thefirstisaninterfacefordatachartreviewandtelephonic patient
assessment. Thesedata, alongwiththe extracted EHR data, serveasinputs forthe
second component, a set of automated algorithms evaluating medication
appropriateness. TRIM evaluates medication appropriateness based on a range of
criteria, including feasibility in the context of the patient’s cognition and social support,
potential overtreatment of DM or hypertension, “traditional” PIMs according to Beers
and Screening Tool of Older Persons’ potentially inappropriate Prescriptions (STOPP)
criteria, inappropriate renal dosing, and patientreport of adverse medication effects.
The algorithms generate the third component, a patient-specific medication
managementfeedback reportfortheclinician. Thisreportincludes acomplete
medication reconciliation, recommendations for discontinuation or dosage changes for
inappropriate medications,and arecommendation regarding the need to simplify the
regimen of patients with problems with adherence and poor social support. The report
was e-mailedtotheclinician24 hours before the primary care appointmentand
handed to the clinician just before the appointment. The algorithms also generate a
simple, shortreport for the patient consisting of alisting of medication reconciliation
discrepancies and reported problems with medications thatis givento the patientjust
beforetheappointmentwith brief coachingonusingitto discuss medication concerns
withtheclinician.Thetelephoneassessmentsoccurredwithin 3 days beforetheir
primary care appointment.

The control group received usual care”

Outcomes

Potentially inappropriate medications (PIMs)

Number of Tool to Reduce Inappropriate Medication (TRIM) recommendations
implemented (TRIM evaluates medication appropriateness based on a range of
criteria,including Beers and Screening Tool of Older Persons’ potentiallyinappropriate
Prescriptions (STOPP) criteria)

Notes

NCT02501967

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk|Insufficient information to permit judgement

(selection bias)

Allocation concealment (selection Unclear risk|Insufficient information to permit judgement

bias)

Blinding of participants and Unclear risk|Insufficient information to permit judgement

personnel (performance bias)

Blindingof outcomeassessment Unclear risk|Insufficient information to permit judgement: unclear who assessed
(detection bias) patients medications and whether they were blinded
Incomplete outcome data (attrition |Unclear risk|Insufficient information to permit judgement

Selective reporting (reporting bias)

Low risk

Thestudytrialregistry pageisavailableandall of the study’s pre-
specified (primary and secondary) outcomes thatare of interestin the
review have been reported in the pre-specified way

Baseline characteristics similar? |Low risk Baseline participant characteristics were reported and analyses adjusted
forimbalances in the intervention and control groups
Reliable Primary outcome measure |Unclear risk|Quote: “Traditional” PIMs according to Beers and Screening Tool of

OlderPersons’ potentiallyinappropriate Prescriptions (STOPP) criteria”

Protection against contamination

Unclear risk

Insufficient information to permit judgement

Gallagher 2011
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Methods

Study design: randomised trial

Unit of allocation/analysis: participant

Follow-up:2 months,4 monthsand 6 months postdischarge
Duration: unclear

Provider: attending medical team

Participants

Setting/participants: 382 hospital inpatients (190 intervention, 192 control) aged 65
years and olderadmitted to Cork University Hospital viathe emergency department
under the care of a general medical physician

Focus on polypharmacy: mean number of medications at baseline: 7.4 intervention,
8.0 control

Age (median (IQR)): 74.5 years (71.0 to 80.0) intervention, 77.0 years (71.0to 81.75)
control

Female: 53.2%intervention, 53.1%control

Ethnicity: no information given

Interventions

Model of pharmaceutical care: participants' medication lists were screened by the
primary research physician, oral and written recommendations outlining appropriate
prescribing changes were then provided to the attending physicians

Training: unclearifanytrainingwas provided a partof the intervention
Timing of intervention: during hospital admission

Quote:“The primaryresearchphysicianapplied STOPP/START criteriatobaseline
data of participants in the intervention group on admission to identify potentially
inappropriate prescriptions and prescribing omissions. These were immediately
discussedwiththe attending medicalteam, and discussionwas followed up by written
communication within 24 hours. Intervention recommendations comprised simple
statements highlighting potentially inappropriate prescriptions according to relevant
STOPP/START criteria. The attending physician judged whether these
recommendations should beacceptedand prescribingchangesimplemented.
Medication changeswereincludedinthedischarge summarytotheintervention
participants' general practitioners”

Outcomes Prescribing appropriateness measured using the MAI, STOPP/START criteria and the
AUM index
Mortality, hospital readmissions, falls, frequency of general practitioner visits
Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk  |Quote: “Participants were randomly assigned tothe intervention group or

(selection bias) the control group usingarandomisation sequence thatwas determined by
an independently generated random-numbers table using StatsDirect
software, version 4.5”

Allocation concealment (selection Low risk |Quote: “The random-numbers table was retained, independent of

bias) researchers, by a physician external to the study, who assigned
participantstogroupsusingasealed-envelopesystem.Groupallocation
was concealed from the research physician and from participants until
baseline data had been collected and inclusion criteria verified”

Blinding of participants and High risk |Quote: “The research physician, attending physician, and participating

personnel (performance bias) patients could not be blinded to group assignment after randomization
because of the nature of the intervention”

Blindingof outcomeassessment Low risk |Quote: “Aninterrater reliability analysis of outcome measurements was

(detection bias) conductedto ensurethattherewas no bias toward more favourable
ratingsintheinterventiongroupascomparedtothecontrolgroup.There
was good interrater agreement between the primary researcherand the
physician carrying out the blinded evaluation”

Incomplete outcome data (attrition |Low risk |18 participants(10intervention, 8 control)died beforethefirstoutcome

measurewasassessedandwereexcludedfromanalysis;afurther24
participants (10 intervention, 14 control) died during the follow-up period

Selective reporting (reporting bias)

Low risk

All outcomes were reported

Baseline characteristics similar?

Low risk

Baseline participantcharacteristicswerereported. Nosignificantbaseline
differences between intervention and control groups

Reliable Primary outcome measure

Low risk

MAl reported to have good content validityand good interraterand
intrarater reliability when used in hospital settings

AUM reported to have good interrater reliability and identified under-
treatment in 25% to 64% of participants

Protection against contamination

Unclearrisk

Insufficient information to permit judgement; study conducted at a single
hospital

Garcia-Gollarte 2014
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Methods

Study design: prospective, randomised, multicentre trial/study
Unit of allocation: nursing home

Unit of analysis: participant

Follow-up: 3-months postintervention

Duration: 6-months

Providers: nursing home physician

Participants

Setting/participants: Quote: “1018residentsin 37 nursinghomes owned by a private
companyinSpain.Personsolderthan 65 years,whohadbeenlivinginthe nursing
home for at least 3 months and expected to stay in it for the length of the study, were
clinicallystable(nochangesinprescriptioninthelast2 months)andacceptedthat
their clinical datawere used for the study wereincluded. Residents receiving palliative
care or those usually cared by other primary care providers outside the nursing home
were excluded”

Focuson polypharmacy: numberofdrugs, 8.25(3.39)intervention, 7.89(3.27) control
Age (mean): 84.5 (10.4) years intervention, 84.24 (14.6) control

Male: 27%total population, 27.9%intervention, 26.0% control

Ethnicity: no informationgiven

Interventions

Model of pharmaceutical care: participants' medication lists were screened by the
primary research physician

Training: a structured educational intervention delivered by nursing home physician,
expert in drug use in older people was provided to the physicians

Timing of intervention: during inpatient stay

Quote:“Anursinghome physician,expertindruguseinolderpeople,delivereda
structured educational intervention. The program included general aspects of
prescriptionand drug use in geriatric patients, howto reduce the number of drugs, to
perform a regular review of medications, to avoid inappropriate drug use, to
discontinue drugs that do not show benefits, and to avoid undertreatmentwith drugs
that have shown benefits. It also discussed in detail some drugs frequently related to
adversedrugreactionsinolderpeople. Educational materialand referenceswere
givento participants. Finally, two 1-hourworkshops reviewed practical real life cases
and promoted practice changes in participants. The educator offered further on-
demandadviceon prescription forthenext 6 months. Thisinterventionwas reinforced
by a single review by the researchers, using standard appropriateness criteria
[Screening Tool of Older Persons Prescriptions (STOPP) Screening Tool to Alert
DoctorstoRightTreatment(START)],ofarandom sample of 10residents cared by
eachphysicianintheinterventiongroup,withwrittenfeedbackontheproblems found.

Physiciansinthe controlgroup did notreceive anyinterventionorinformationaboutan
educational intervention been delivered in other centers”

Outcomes Appropriateness and quality of drug use (STOPP-START criteria).
Hospitaladmissions (total number of days spentin hospital), falls, physicianand nurse
visits

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk  |Quote: “Randomisation was done using random number tables”

(selection bias)

Allocation concealment (selection Unclear risk|Insufficient information to permit judgement

bias)

Blinding of participants and Low risk  |Quote: “Physicians inboth groups were informed that there was a

personnel (performance bias) company programaimed toimprove drug prescription (to explainwhy
dataon prescriptionwere collected intheir centers) butwere blinded to
the factthat the educational intervention was being assessed”

Blinding of outcome assessment Unclear risk|Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Unclear risklInsufficient information to permit judgement

Selective reporting (reporting bias)

Low risk

All outcomes described were reported

Baseline characteristics similar? |High risk |Baseline demographic differences existed between intervention and
controlgroups.Noreported adjustmentofresultstoaccountforbaseline
differences in analysis

Reliable Primary outcome measure |Low risk  |Validatedassessmenttool usedtoassess appropriateness of prescribing

(STOPP/START criteria)

Protection against contamination

Unclear risk

Quote: “Cluster RCT design used whereby nursing homes in the
interventionand control groupwere separate. However, authors note that
some cross contamination may have occurred because of informal
contacts between physicians”

Haag 2016
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Methods

Study design: randomised trial
Unit of allocation/analysis: patient
Follow-up: 30-day follow-up
Duration: unclear

Providers: pharmacist

Participants

Setting/participants: 25 older patients (13 intervention and 12 control) recruited from a
primary care work group at a tertiary care academic medical centre in the Midwestern
USA

Focus on polypharmacy: number of drugs on admission, median (IQR), 17 (12 to 20)
intervention, 15.5 (13 to 18.5) control

Age (median (IQR]): 81 (79 to 85) intervention, 86 (79.5 to 87) control
Male: 69% intervention, 83% control
Ethnicity: 96% white

Interventions

Model of pharmaceutical care: MTM consultation with a pharmacist, whichincluded a
comprehensive review of all prescription, nonprescription, and herbal medications
taken

Training: no educational intervention was specified
Timing of intervention: during a single consultation

Quote: “The intervention group received an MTM consultation with a pharmacist by
telephone, preferably within 3 (and up to 7) business days after hospital discharge.
This interventionwas developed using successful methods of pharmacistintegration
duringcaretransitions, while complementing the services ofanexisting CTP, to
assesstheimpactonthe qualityof medicationuse. The pharmacistobtainedthe
necessaryinformationand clinicalassessmentsfromeach patient’s electronic medical
record to complete acomprehensive review of all prescription, nonprescription, and
herbal medications taken. This systematic review of medications included the
identification, resolution, and prevention of drug-related problems, including adverse
events orthe use of potentially inappropriate medications. Inaddition, the electronic
medical record was investigated for potential prescribing omissions. This review was
thefoundationforthe phoneconsultationwiththe patienttoensure medication
optimization. Decisionswere based onthe pharmacist’s clinicaljudgmentafter
considering practiceguidelines, 2 clinical supportdatabases (Truven Health Analytics’
Micromedex and Wolters Kluwer Lexi-Drugs), or the highest-quality evidence
available, as well as patient preferences. Recommendations were communicated by
the pharmacistviaasecure messaging functionwithin the electronic medical record to
the CTP provider for review on completion of the phone consultation.

The usual care group was defined as the pre-existing CTP without pharmacist
intervention.”

Outcomes Potentially inappropriate medications (STOPP/START)
Medication utilisation quality (modified MAI)
Hospital readmissions
Adherence (Morisky-Green)

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk  |Quote:“Patientswererandomlyassignedtoeithertheinterventiongroup

(selection bias) ortotheusual caregroupbyastudycoordinator.Randomizationwas
completed during the phone call by the study coordinator, who opened a
sealed envelope that contained anindication of which group the patient
was assigned to”

Allocation concealment (selection Low risk  |Quote: “The study statistician used arandom number generatorto

bias) determine the allocationsequence”

Blinding of participants and High risk |Quote: “Thetrial was unblinded (i.e., the participants and the investigators

personnel (performance bias) were aware of the intervention), and the patients received a telephone cal
from the pharmacistif they were randomized to the intervention group”

Blinding of outcome assessment Low risk |Quote: “Alloutcomeswere assessed while blinded to the intervention or

(detection bias) the usual care group allocations”

Incomplete outcome data (attrition |Low risk |Missingoutcomedatabalancedinnumbersacrossinterventiongroups,

with similar reasons for missing data across groups

Selective reporting (reporting bias)

Low risk

The study protocolis notavailable butall expected outcomes are reported
in the results

Baseline characteristics similar? |Low risk |Baseline participant characteristics were reported. No statistically
significant baseline differences between the groups
Reliable Primary outcome measure |Low risk [STOPP/START is a validated tool

Protection against contamination

High risk

Single-centre trial with potential for contamination

Hanlon 1996
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Methods

Study design: randomised trial

Unit of allocation/analysis: participant

Follow-up: 3 months and 12 months after randomisation
Duration: unclear

Providers: geriatrician, clinical pharmacist, nurse

Participants

Setting/participants: 208 patients whowere 65 years orolderand were enrolled at the
Veteran Affairs Medical Center, Durham, North Carolina, USA

Focus onpolypharmacy:included participants were prescribed 5 or more regularly
scheduled medications byaVeteranAffairs physicianandwere enrolled atthe
Veteran Affairs Medical Center, Durham, North Carolina

Age (mean +SD): 69.7 = 3.5 years intervention, 69.9 + 4.1 years control
Male: 98.1% intervention, 100% control
Ethnicity, white: 79% intervention, 74.8% control

Interventions

Model of pharmaceutical care: pharmacistsworked as partofamulti-disciplinaryteam
inoutpatientclinics, the pharmacist(s) conducted anindependent medication review

together with participants during a face-to-face encounter, written recommendations

were then presented to the primary physician

Training: educationwas providedtoprescribersandotherhealthcare professionals,
participant education was also provided regarding drug-related problems and
compliance

Timing of intervention: during a single attendance at outpatient clinics

Quote: “The clinical pharmacist monitored drug therapy outcomes by reviewing each
participant's medical record and medication list, ascertained current medication use,
identified drug-related problems by meeting with participants and carers and evaluated
participants' medications byapplying the MAIL. The pharmacistthen formulated
prioritised written recommendations presented orally and in writing to the primary
physician. After the physician visit, the clinical pharmacist educated the participant
regarding drug-related problems and encouraged compliance

Inthecontrolgroup,theclinicnursereviewed participants'currentmedications before
the visit”

Outcomes

Participant MAIl scores were determined by summing MAl medication scores across
evaluated medications

HRQoL (SF-36)

Participant medication complianceand knowledge were assessed by participantself-
report

Potential ADEs
Participant satisfaction

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk  |Quote: “Participants were randomly assigned tothe controlgroup orthe

(selection bias) intervention group using a computer-generated scheme”

Allocation concealment (selection Unclear risk{Insufficient information to permit judgement

bias)

Blinding of participants and Unclear risk|Insufficient information to permit judgement

personnel (performance bias)

Blindingof outcomeassessment Low risk  |Quote: “Assessments of outcome measures were blinded

(detection bias) (appropriateness, prescribingappropriateness, HRQOL, adversedrug
events, medication compliance)”

Incomplete outcome data (attrition |Low risk |36 participants were not interviewed. 5 in control and intervention groups

wereinstitutionalised. 5 fromtheinterventiongroupand 1 fromthe
control group were lost to follow-up. 7 from the intervention group and 10
from the control group died—

Selective reporting (reporting bias)

Unclear risk

Insufficient information to permit judgement

Baseline characteristics similar?

Low risk

Baseline participant characteristics were reported. Results adjusted to
account for baseline demographic differences between intervention and
control groups

Reliable Primary outcome measure

Low risk

Quote: “Previous MAl assessments made by a clinical pharmacist and a
physician demonstrated excellentinterrater (kappavalue =0.83) and
intrarater reliability (kappa value = 0.92)”

Protection against contamination

High risk

Potential for contamination because physicians had patientsinboth
intervention and controlgroups

Koberlein-Neu 2016
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Methods

Study design: stepped-wedge (cluster) randomised trial
Unit of allocation: GP practices

Unit of analysis: patients

Follow-up: 3-months follow-up

Duration: unclear

Providers: home-care specialists, pharmacist, physician

Participants

Setting/participants: 142 older patients from general practices in Northwest Germany
Focus on polypharmacy: five or more long-term drug treatments

Age(mean +SD): 76.8 + 6.3 years

Male: 46.5%

Ethnicity: not reported

Interventions

Model of pharmaceutical care: medication management conducted by the primary care
physicians,the pharmacistthenundertookacomprehensive medicationreview,
recommendations were sent to the home-care specialists

Training: no educational intervention was specified
Timing of intervention: unclear

Quote: “The completeintervention consisted oftwo overlapping strands of action that
were complementary to standard care:

1. medication management, and

2. careprovided by the Pflege- undWohnberatung (PuW, home-care
specialists), using a case management conceptaccording to the German

Society for Care and Case Management (Deutsche Gesellschaft fiir Care und Case
Management, DGCC) .

For the purpose of medication management, primary care physicians (PCP) started off
by sending information from their patient records to the home-care specialists. The
home-care specialists arranged a home visit, conducted an assessment of the patient
situationtheyfound—including,amongothers: drugs taken, adherence, medication
handlingandstorage, reported problems with medicationtherapyand communicated
this tothe pharmacist, alongwith theinformation provided by the primary care
physician. The pharmacist then undertook acomprehensive medication review (PCNE
type 3). This included drugs taken, medication documented by primary care
physicians, availablelaboratorydata, diagnosticdata,andinsightsinto every patient’s
personalsituationaselicitedin patientinterviews. Theresults oftheanalysiswere
summarizedinaletterofrecommendation and senttothe home-care specialists, who
inturn added information on the patient’s home situation and passed themon to the
primarycare physicians.Implementing the recommendationswas theresponsibility of
each primary care physician. Details about such patient-related advice from physician
to pharmacistand detailed information on the second strand of action can be obtained
from the authors.

“Inthe WestGem study, anindependent biometrician randomized the participating
general practices (clusters) to three (changing) cohorts. After a control period, the
cohorts switchedtotheinterventionphaseatintervals of three monthseach.The
cohortallocationwas disclosed only at the time of the changeover. During the control
phase, patients received standard care; in the intervention phase they additionally
participated in medication management. The intervention phase, depending on the
timing of the changeover,was sixto 12 months, withasubsequentfollow-up period of
3 months”

Outcomes

Number of PIM prescribed (based on PRISCUS list)
Medication appropriatenessindex

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk|Insufficient information to permit judgement

(selection bias)

Allocation concealment (selection Low risk  |Quote: “An independent biometrician randomized the participating

bias) general practices (clusters) to three (changing) cohorts The cohort
allocationwas disclosed only at the time of the changeover”

Blinding of participants and Unclear risk|Protocol states that Quote: “inthis trial the patientis blinded to the

personnel (performance bias) pharmacist”

Blinding of outcomeassessment High risk |The pharmacists had been blinded when calculating scores as to which

(detection bias) cohort a patient was allocated to, but they were involved in some cases in
conducting the medication reviews. They can therefore not be regarded
as completely independent

Incomplete outcome data (attrition |Unclear risk|Insufficient information to permit judgement

Selective reporting (reporting bias)

High risk

Notall of the study’s pre-specified primary outcomes have beenreported

Baseline characteristics similar?

High risk

No statistical comparison of baseline characteristics reported

Reliable Primary outcome measure

Low risk

MAI used

Protection against contamination

High risk

Cluster-randomised trial, unclear if/how contamination protected against
with stepped wedge design

Michalek 2014
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Methods Study design: randomised trial
Unit of allocation/analysis: participant
Follow-up: unclear
Duration: unclear
Providers: physicians
Participants Setting/participants: Quote: “114 patients admitted to a 700-bed tertiary medical center

in the city of Essen, Germany (Kliniken Essen-Mitte, Knappschafts-Krankenhaus),
servinganurban population.Subjectswereeligible,ifaged >70years,inastable
health condition (defined as noneed forintermediate orintensive care unittreatment),
had at least three diseases in need for drug treatment, and had at least three medical
prescriptions. Only patients admitted during the first 3 days of the week were included
because of staffavailability”

Focus on polypharmacy: Polypharmacy atadmission
Age (mean): see notes
Male: 21% intervention, 25% control

Ethnicity: no information given

Interventions

Model of pharmaceutical care: participants' medication lists were screened by the
physicianand recommendationswerediscussed with the study physicians

Training: physicians received training throughout the study period
Timing of intervention: during inpatient stay

Quote: “Ontheintervention ward (FORTA group), physician education was structured
and continuously provided during the study. The physicians were formallyinstructed
aboutthe FORTA-principle and provided with the relating documents (publications,
current FORTA-list) by 2 lectures before the study commenced. They convened with
the FORTA intervention team (study physicians) on a weekly basis (PharmaBoard) to
review information, to collect data on patients included in the study and to discuss
medication plans with respect to the FORTA system. Though individual
recommendations may have been issued ward physicians were free to adopt them or
not. The FORTA intervention team had no power and legal sanction to modify
medication plans. The ward physicians’ own judgement was leading over FORTA-
based suggestionsinthe process of finding the appropriate medication.

Onthe control ward all patients were treated based on established medical standards
and onthe principles of good medical practice. In the intervention group, the drugs
wereevaluatedaccordingtothe FORTAlistand changedasguided by FORTAwithin
the first week in the hospital. Weekly meetings for intervention were performed that
encompassedathorough evaluation of patientdiseases, functional status, prognosis,
and needfordrugs.Decisionswere basedonthe FORTA suggestions. Drugswere
continued despite unfavourable FORTA labelling if patients insisted. Since FORTA is
an implicit tool, physicians are not obliged to strictly follow the proposals. Furthermore,
overprescription (drugs not matching a diagnosis or FORTA label C/D drugs despite
availability of A/Bdrugs or notindicated) and under-prescription (no drugs despite
treatable disease) were identified and corrected according to FORTA
recommendations

Patients of the control group were treated according to current medical standards as
good clinical practice by geriatricians”

Outcomes

Quote: “The primary endpoint was the intergroup comparison for theimpact of the
application of the FORTA list on the number and the quality of drugs, including the
number of over- and under-prescriptions

Secondaryendpoints:the numberof patientswhofell, the frequencyofin-hospital
falls, and the change in functional status during hospital stay”

Notes

Age median (IQR): 84 (81 to 87) years intervention, 83 (79 to 87) years control

Risk of bias table
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. Authors' .

Bias judgement Support for judgement

Random sequence generation High risk |Quote: “Patients were assigned randomly by number of entrance to one

(selection bias) of twowards. In addition, patients could only be included in the study
during the first 3 days of the week due to staff availability”

Allocation concealment (selection Low risk  |Quote: “Patients were assigned randomly by number of entrance to one

bias) of twowards. The assignment was performed by a manager notinvolved
in patient care and blinded to the aim of the study”

Blinding of participants and Low risk  |Quote:“Two physicians familiarwiththe FORTA classificationwere

personnel (performance bias) responsible for the intervention process. They were notinvolved in the
treatment of the patients of the control area. All other staff of both wards
were blinded to the aim of the study”

Blinding of outcomeassessment Unclear risk|Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Low risk  |All patients completed the study protocol

bias)

Selective reporting (reporting bias) [Low risk  |The study protocolis available and all of the study’s pre-specified
(primary and secondary) outcomes that are of interest in the review have
been reported

Baseline characteristics similar? |Low risk  |Baselineparticipantcharacteristicswerereported.Nosignificantbaseline
differences between intervention and control groups

Reliable Primary outcome measure |Low risk  |Validated assessmenttool usedtoassessappropriateness of prescribing
(FORTA list)

Protection against contamination {Low risk  |Quote: “One ward served as the intervention area and the other ward as
the control area. The wards rather than individual subjects were chosen
to minimize contamination of results caused by staff’

Milos 2013
Methods Study design: randomised trial
Unit of allocation/analysis: participant
Follow-up: 2-months follow-up
Duration: unclear
Providers: pharmacist
Participants Setting/participants: patients 369 (182 intervention, 187 control)

Focus on polypharmacy: mean (SD) number of drugs at baseline was 11.4 (4.2),
intervention, 12.1 (4.7), control

Age (mean + SD): 87.0 + 5.8 intervention, 87.7 + 5.5 years control
Male: 24.2%intervention, 24.1%control

Ethnicity: no information given
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Interventions

Model of pharmaceutical care: pharmacists performed a systematic medication review
without personal patient contact, which were sent to the physician

Training: no educational intervention was specified
Timing of intervention: unclear

Quote: “Forpatientsintheintervention group the pharmacists performedasystematic
medication reviewwithout personal patient contact. The medicationreviewincluded
assessment of relevant parts of the EMR and collection of data on the patient’s blood
sample results for creatinine, estimated glomerular filtration rate (eGFR), cystatin C,
haemoglobin, sodium and potassium plasma levels.

Toidentify DRPs theclinical pharmacistinitiated medicationreviews basedonthe
backgroundinformation (symptomassessmentformandthe MDD cards). Theworking
process was carried out in a structured way with formularies compiled from the LIMM
model.

Thefollowing predeterminedrisk categories foridentifying DRPswere takeninto
account by the pharmacist and documented by the student:

- Drugs that required therapeutic monitoring

« Inappropriate drugs forelderlyaccording to The National Board of Health and
Welfare (PIMs)

- Drugsthatare notrecommendedaccordingtotheregionaldrugand therapeutics
committee

- Problems with administration/handling of the drugs (crush, cut, inhalation technique)

« C/D drug-drug interactions (C interactions are those involving a drug combination
thatcouldrequiredoseadjustment; Dinteractions arethoseinvolvingadrug
combination that ought to be avoided)

- Drugtype ordrug dosage notadjusted for the patient (renal function, liver function)
- Unclear indication for drug treatment

- Suboptimal treatment

- Drugs causing potential adverse drug reaction.

The check listincluding the nine risk categories was an instrument to facilitate the
medication review. PIMs were identified according to the national guidelines of the
Swedish National Board of Health and Welfare regarding drug therapy in the elderly.
The pharmacists’ recommendations were documented in patients’ EMRs. The
feedback tothe physicianvaried depending on the PHCC’s routines and organisation
and consisted ofteamrounds, written contact, personalcontactandtelephone
contact.

Toensurethatthe pharmacistsworked similarly, theywere formallyinstructedinone
tutorial by the head pharmacist (E.R.) about the method of medication review, had
monthly meetings with the data collector (S.W.) and had one meeting with the head
researcher (V.M.). In addition, the head pharmacist was available for consultation
throughout the entire study”

Usual care consisted of the health care centre's "normal” routine”

Outcomes

Quote: “The secondary outcome measures are based on the definition of
“polypharmacy’’ as described by the Swedish National Board of Health and Welfare”

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk Quote: “Therandomisationwas performed usingarandom number
(selection bias) generator”

Allocation concealment (selection Low risk Quote: “The pharmacistused closed, nontransparentenvelopes to
bias) randomisethe patienttooneoftwogroups: controlorintervention”
Blinding of participants and Unclear risk |Insufficient information to permit judgement

personnel (performance bias)

Blinding of outcome assessment Unclear risk |Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Low risk Missingoutcomedatabalancedinnumbersacrossinterventiongroups,

with similar reasons for missing data across groups

Selective reporting (reporting bias)

Low risk

Thestudyprotocolis notavailable butitis clearthatthe published
reports include all expected outcomes, including those that were pre-
specified

Baseline characteristics similar? |Low risk Baseline characteristics reported Quote: “the control and intervention
groups were similar”
Reliable Primary outcome measure |Low risk PIMs were identified according to the national guidelines of the Swedish

National Board of Health and Welfare regarding drug therapyinthe
elderly

Protection against contamination

Unclear risk

Insufficient information to permit judgement

Muth 2016
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Methods Study design: randomised trial (cluster)
Unit of allocation: GP practices
Unit of analysis: patients
Follow-up: 12-weeks follow-up
Duration: unclear
Providers: GPs
Participants Setting/participants: 100 older patients (50 intervention and 50 control) recruited from

20 GP practices inGermany

Focus on polypharmacy: included participants taking five or more long-term
prescriptions

Age (mean £+ SD): 75.8 + 6.70 years intervention, 72.5 + 5.88 years control
Male: 44% intervention, 52% control
Ethnicity: not reported

Interventions

Model of pharmaceutical care: a brown bag review and a checklist-based
preconsultation interview with the patient conducted by the HCA, a computer-assisted
medication review carried out by the GP and a GP-patient consultation

Training: no educational intervention was specified
Timing of intervention: on a single occasion

Quote: “The elements of the complex intervention consist of abrown bagreviewand a
checklist-based preconsultation interview with the patient thatis conducted by the
HCA, a computer-assisted medication review carried out by the GP and a GP-patient
consultation.

GPsintheintervention group received practice guidelines forolder patients and the
complexinterventionwasimplementedattheirpracticeonasingleoccasion.

Controlgroup: GPs inthe control group also received the practice guidelines for older
patients,35 but continued with usual care”

Outcomes Medication appropriateness index (MAI)

Health-related quality of life (EQ-5D index)

Self-reportedadherence (Moriskythe Medication AdherenceRatingScale- MARS)
Notes ISRCTN99691973

Risk of bias table
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Interventions to improve the appropriate use of polypharmacy for older people

Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk |Insufficient information to permit judgement

(selection bias)

Allocation concealment (selection Unclear risk |Insufficient information to permit judgement

bias)

Blinding of participants and Unclear risk |Insufficient information to permit judgement

personnel (performance bias)

Blindingof outcomeassessment Low risk Quote: “An experienced clinical pharmacologist (SH) coded the MAI
(detection bias) following a blinded chart review”

Incomplete outcome data (attrition |Low risk Losses to follow-up were small and similar across both groups.

Selective reporting (reporting bias)

Low risk

Thestudyprotocolis notavailable butitis clearthatthe published
reports include all expected outcomes, including those that were pre-
specified.

Baseline characteristics similar?

Unclear risk

Baseline characteristics reported but no statementgiven on differences
between intervention groups

Reliable Primary outcome measure

Low risk

MAI is a validated tool

Protection against contamination

Unclear risk

Quote: “Reductionininappropriate prescriptionswasobservedinboth
groups, indicating a likely contamination effectin the control group”

Muth 2018
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial (cluster)
Unit of allocation: GP practices

Unit of analysis: patients

Follow-up: 9-months follow-up

Duration: unclear

Providers: GPs

Participants

Setting/participants: 505 older patients (252 intervention and 253 control) recruited
from 72 GP practices in Germany

Focus on polypharmacy: included participants taking five or more long-term
prescriptions

Age (mean +SD): 72.5 = 6.5 years intervention, 71.7 + 7.4 years control
Male: 47% intervention, 48% control
Ethnicity: not reported

Interventions

Model of pharmaceutical care: a brown bag review and a checklist-based
preconsultation interview with the patient conducted by the HCA, a computer-assisted
medication review carried out by the GP and a GP-patient consultation

Training: no educational intervention was specified
Timing of intervention: on a single occasion

Quote: “There are four elements of the complex intervention. It consists of (1) abrown
bagreviewand (2) achecklist-based preconsultation interviewwith the patientthatis
conducted

bythehealthcareassistant(HCA), (3)acomputerised decision supportsystem
(CDSS)-assisted medication review carried out by the GP, and (4) a GP-patient
consultation to optimise and prioritise medication. GPs had the optionto use the
CDSSto help prepare the medication review with the patient, and during the
consultationitself. Trained HCAs and GPs implemented the interventiononasingle
occasion,whichtooktheGPandtheHCAaper-patientaverageof35and45 min,
respectively.35 The practice team forthe intervention group received the GP
guidelines for ambulatory geriatric care prepared by the Hesse Guideline Group.
Recommendationsinthe guideline focus on primaryand secondary prevention (e.qg.
physical exercise, fall assessment and prevention).

The control group continued to receive usual care but the practice team also received
the GPguidelines forambulatory geriatriccareto harmonise usual carein both
groups”

Outcomes MAI score
Health-related quality of life (EQ-5D)
All-cause hospitalisation
Adherence (Morisky-Green)
Notes ISRCTN99691973; NCT01171339

Risk of bias table
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Bias

Authors'
judgement

Support for judgement

Random sequence generation
(selection bias)

Low risk

Quote: “Practice allocationtotreatmentgroups will be performed by central
randomisation by a study-independent researcher at the IGP after
registration of the first patient per practice. Once a practice has been
randomised, all the patients recruited forthe practice will be deemed
intervention or control depending on which arm of the study each practice
was allocated. After completion of the baseline documentation of all study
patients perpractice, the study-independentresearcheratthe IGPwill
inform the study team at the IGP about the practice status as either
intervention or control. The study team will send a fax with the
randomisation result to the practice”

Allocation concealment (selection
bias)

High risk

Quote: “Practiceallocationtotreatmentgroups will be performed by central
randomisation by a study-independent researcher at the IGP after
registration ofthe first patient per practice. Once a practice has been
randomised, all the patients recruited forthe practice will be deemed
intervention or control depending onwhich arm of the study each practice
was allocated. After completion of the baseline documentation of all study
patients per practice,the study-independentresearcheratthe IGPwill
inform the study team at the IGP about the practice status as either
intervention or control. The study team will send a fax with the
randomisation result to the practice”

Blinding of participants and
personnel (performance bias)

Low risk

Quote: “Owingtothe nature of the intervention, itwas not possibleto blind
GPs, HCAs, patients and the study team”

Blinding of outcome assessment
(detection bias)

Unclear
risk

Quote: “Treatmentallocationwas blinded to the clinical pharmacologist
conducting medicationreviews forthe primary outcome (MAI) and tothe
statistician”

Incomplete outcome data (attrition
bias)

Unclear
risk

Insufficient reporting of attrition/exclusions to permit judgement of ‘Low risk’
or ‘High risk’

Selective reporting (reporting bias)

Low risk

Thestudyprotocolis available and all of the study’s pre-specified (primary
and secondary) outcomes thatare of interestin the review have been
reported in the pre-specified way

Baseline characteristics similar? |Low risk |Baseline participantcharacteristics were reported and analyses adjusted
forimbalances in the intervention and control groups
Reliable Primary outcome measure |Low risk |MAI is a validated tool

Protection against contamination

Low risk

cRCT - allocation was by practice

Olsson 2012
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial
Unit of analysis: patients
Follow-up: 12-months follow-up
Duration: unclear

Providers: GPs

Participants

Setting/participants: 150 older patients (50 intervention group B, 50 intervention group
Cand 50 control) ready for discharge from the University Hospital in Orebro

Focus on polypharmacy:included participants taking five ormore drugs
Age (mean +SD): 83.9 + 5.1 years intervention, 82.5 + 4.9 years control
Male: 36% intervention, 44% control

Ethnicity: not reported

Interventions

Model of pharmaceutical care: homevisitbyanurseandaprescriptionreview
conducted by nurses the sentstudy physician tothe physician/primary health care
centre

Training: no educational intervention was specified
Timing of intervention: unclear

Quote: “Group A(control): home visit by study nurse within one month after discharge,
QoL survey by post at six months, and second home visit by study nurse at 12
months.

Group B (intervention): as group Aand a letter with a prescription review (according to
points 1 - 4 below) sent to the physician/primary health care centre.

Group C(intervention): as group Bcombinedwithacurrentand comprehensive
medication record consisting of the patient's written drug regimen and indications sent
to the patient to enable participation in his/her drug treatment.

Thiswas accompanied byaninstructionto utilizethe recordthroughoutthe health
care system, make notes, and discuss their drug treatment with their physicians.

Duringthe homevisit patientsinall three groups were asked about their drug regimen
and compliance to capture their “true” medication record. The study physician
completed aprescriptionreviewassessing the following as indicators of prescription
quality:

1. number of drugs; total, on regular basis and on demand;

2. number of drug-risk indicators (long- and short-acting benzodiazepines, sleeping
pills, NSAIDs, digitalis, diuretics, SSRI, PPI, neuroleptics, and drugs with
anticholinergic effects);

3. druginteractions byusingacomputerprogramthatwarnsforinteractions of C-type
(adjustment of dose recommended) and D-type (avoidance of drug recommended);

4. numberofmedicationerrorsand/ordiscrepancies between medicationlist
(prescriptions)andthe patient’sownregime (drugs noted but nottaken, drugs taken
but not noted, and wrong dosages)”

Outcomes Quality of prescriptions (The National Board of Health and Welfare. Indicators for
evaluation of quality of drug treatment for elderly)
Quality of life (EQ-5D index, EQ VAS)

Notes Forthe purpose of this reviewwe focused oninterventiongroup Cversus control

Risk of bias table
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Interventions to improve the appropriate use of polypharmacy for older people

Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk |Insufficient information to permit judgment

(selection bias)

Allocation concealment (selection Unclear risk |Insufficient information to permit judgment

bias)

Blinding of participants and Low risk Quote: “Allhome visits throughout the study were done by the same
personnel (performance bias) study nurse who was blinded to the groups”

Blindingof outcomeassessment Unclear risk |Insufficient information to permit judgment

(detection bias)

Incomplete outcome data (attrition |Low risk Quote: “Nossignificant differences betweenthe groups were observedin

respect of mortality or dropouts”

Selective reporting (reporting bias)

Low risk

Thestudyprotocolis notavailablebutitis clearthatthe published
reports include all expected outcomes, including those that were pre-
specified

Baseline characteristics similar?

Low risk

Baseline characteristics are reported. Quote:“No significant differences
betweenthe groupswere observedin respect of mortality or dropouts”

Reliable Primary outcome measure

Low risk

Based on The National Board of Health and Welfare. Indicators for
evaluation of quality of drug treatment for elderly

Protection against contamination

Unclear risk

Insufficient information to permit judgment

Pitkala 2014
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial (cluster)
Unit of allocation/analysis: wards
Unit of analysis: participant

Follow-up:unclear, states that repeated assessments were performedat6and 12-
months

Duration: unclear, states thatrepeated assessments were performedat6and 12-
months

Providers: nurses and consulting physician

Participants

Setting/participants: 227 residents (118 intervention, 109 control)in 20 wardsinan
assistedlivingfacilityinHelsinki.Eligibleresidents of assistedliving facilitiesin
Helsinki. Inclusion criteria: age 65 years or older; living permanently in an assisted
living facility; Finnish speaking; using at least 1 medication; having an estimated life
expectancy >6 months; and being able to provide writteninformed consent(or have a
proxywhois ableto provide written informed consentin the case of cognitive
impairment).

Focus on polypharmacy: mean number of regular medications (SD), 7.5 (2.8)
intervention, 7.8 (3.1) control

Age (mean): 82.9 (7.5) intervention, 83.5 (6.9) control
Male: 34.7%intervention, 22.9% control

Ethnicity: no information given

Interventions

Model of pharmaceutical care: nurses identified potential medication-related problems
and discussed these with the consulting physician

Training: two 4-hour training sessions for nursing staff based on the principles of
constructive learning theory

Timing of intervention: unclear

Quote: “The intervention comprised two 4-hour training sessions for nursing staff
based on the principles of constructive learning theory. The training sessions were
developedtobeactivatingandinteractive. The sessionsweredesignedtoenable
nurses to better recognize harmful medications and corresponding ADEs. The first 4-
hourafternoonsessionwas primarilylecture-based, butparticipantswereencouraged
to presentand openlydiscuss medication-related problems experienced by their own
residents. Thesessioninvolvedintroducingthelistofharmful medicationsandsuitable
alternatives. This sessionalso involved discussion about medication use for residents
with renal impairment and drug-drug interactions. The second 4-hour afternoon
session was case study based. Using the principles of problem-based learning, the
nurses participated in facilitated discussions about medication-related problems. To
demonstrate the relevance and importance of the topic, nurses were encouraged to
presentanddiscussactualresidentcases fromtheirownwards. Throughoutthe
training sessions, the nurses responsible for medication managementwere invited to
reflect on their own procedures and opportunities forimprovement. We also invited
physicians to participate in the 2 education sessions. Two out of 3 physicians working
intheinterventionwards attended 1 of thetraining sessions. Thelistof harmful
medications was provided to all nurses working in the intervention wards. Following
thetraining, the nurses were asked toidentify potential medication-related problems
and bring these to the attention of the consulting physician. When this occurred, it was
the physician’s responsibility to change or continue a specific medication

Control staff received no additional training and continued to provide routine care”

Outcomes Use of potentially harmful medications (Beera criteria), HRQoL assessed using the 15
dimensional instrument (15D) of health-related quality of life, health service utilisation,
and mortality

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk |Quote: “The 36 wards were assessed for possible participation, and 20

(selection bias) wards were paired into 10 dyads. The wards in each dyad shared similar
residentcharacteristics. Acomputerizedrandomnumbergeneratorwas
then used torandomize 1 ward in each dyad to the intervention arm and
the other to the control arm”

Allocation concealment (selection Low risk |Quote: “A personindependent of assessment procedure telephoned

bias) another person not familiar with the wards or residents to receive the
randomization number (intervention or control) foreachward”

Blinding of participants and Low risk |Quote:“Thestudynurseswhorecruitedtheresidentswerenotaware

personnel (performance bias) whichwards had beenrandomizedtotheinterventionorcontrolgroups”

Blinding of outcome assessment Low risk |Quote: “The research nurses performed theirassessments at 0,6 and 12

(detection bias) months. These nurses were independent of the study intervention and
unaware of the randomization procedures”

Incomplete outcome data (attrition |High risk |Quote:“Highattritionrate: 41 residents(18.1%)losttofollow-upat6

monthsand 63 residents (27.8%) lostto follow-upat 12 months. All
residents assessed atbaselineandatleast 1 ofthe 2 follow-upswere
included when analyzing changes in the use of medications and HRQoL
(modified intention-to-treat analyses). All randomized residents were
included when analyzing health service utilization and mortality (intention-
to-treat analyses)”

Selective reporting (reporting bias)

Low risk

The study protocol is available; however there are some discrepancies
between the outcome reported in the trial registry document and the
paper. 6 month outcome dataforall outcomes not clearly reported. Cost
data not reported

Baseline characteristics similar? |High risk |Baseline demographicdifferences existed between intervention and
control groups. Adjustment of results did not account for all identified
baseline differences

Reliable Primary outcome measure |Low risk [Validated assessmenttoolusedtoassessappropriateness of prescribing

(Beers criteria)

Protection against contamination

Low risk

Quote: “Aclusterrandomised designwas used thatinvolved randomizing
wards ratherthanindividual residents. This was necessarytoavoid

potential contamination oftheinterventionthatmayhavearisenifnurses
had provided care to both residentsinthe intervention and controlarms”

Schmader 2004
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial (2 x 2 factorial design)
Unit of allocation/analysis: participant

Follow-up: telephone interviews 12 months after randomisation
Duration: participants were followed for 12 months
Provider: pharmacist/nurse/geriatrician/social worker

Participants

Setting/participants: 834 (430 intervention (inpatient), 404 control (inpatient))
participants who were 65 years of age or older, were hospitalised on a medical ward or
surgical ward, had an expected stay of 3 or more days and met criteria for frailty, in 11

Veterans Affairs hospitals, in the USA

Focusonpolypharmacy: atbaseline, the mean numberof prescriptiondrugs per
participantinthegeriatricinpatientunitwas 7.7; numberwas 7.6 inthe usual inpatient
care group

Age (ranges): 65to 73 years (196 peopleininterventiongroup, 191 peoplein control
group), 74 years orolder (234 people inintervention group, 213 peoplein control
group)

Male: 97% intervention, 98% control
Ethnicity, white: 71% intervention, 75% control

Interventions

Model of pharmaceutical care: pharmacistsworked as partof amulti-disciplinaryteam
inoutpatient clinics, the pharmacist(s) conducted anindependent medication review
together with participants during a face-to-face encounter

Training: no education intervention was specified
Duration: during inpatient period

Quote:“All 11 inpatientand outpatientgeriatricevaluation managementprogrammes
had a core team that included a geriatrician, a social worker and a nurse. Pharmacists
performed regular assessments and recommendations regarding medications in 7
inpatient and 6 outpatient teams. For participants assigned to the GEM unit or clinic,
team members implemented evaluation and management protocols

Usualinpatient care was the customary medical or surgical treatment provided by
attending physicians

Usual outpatient care was the customary care delivered by ambulatory care attending
physicians or house staff under their direction”

Outcomes Adverse drug reactions and serious adverse drug reactions
Inappropriate prescribingwas assessed using the MAl and the Beers list at baseline
and at discharge
Polypharmacy and under-use were also measured using AUM

Notes

Risk of bias table
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Authors'

Bias judgement Support for judgement

Random sequence generation Low risk  |Quote: “Computer-generated random allocation”

(selection bias)

Allocation concealment (selection High risk |Quote: “The centre notified site research assistants of each participant's

bias) inpatient assignment by telephone. Outpatient assignment was revealed
at hospital discharge”

Blinding of participants and Unclear risk|Insufficient information to permit judgement

personnel (performance bias)

Blinding of outcome assessment Low risk  |Quote: “Allassessmentswere performedblindto treatmentstatus”

(detection bias)

Incomplete outcome data (attrition |Unclear risk|Insufficient information to permit judgement

bias)

Selective reporting (reporting bias) [Low risk  |All outcomes were reported

Baseline characteristics similar? |Low risk  |Baseline participantcharacteristicswerereported.Nosignificantbaseline
differences between intervention and control groups

Reliable Primary outcome measure |Unclear risk|Primary outcomes were related to adverse drug reactions, which were
assumedwhenaneventandadrugwere determinedtobe causally
related. Disagreements ontheitemlevelwereresolved byclinical
consensus conference

Protection against contamination |Unclear risk|Insufficient information to permit judgement

Spinewine 2007
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial

Unit of allocation/analysis: participant

Follow-up: 1 month, 3 monthsand 1 year
Duration: from admission to discharge
Provider: pharmacists

Participants

Setting/participants: 186 hospital inpatients (96 intervention, 90 controls) aged 70
years and older with acute geriatric problems in a GEM unit of a university teaching
hospital, Mount-Godinne, Yvoir, Belgium

Focusonpolypharmacy:atbaseline, mean(+SD)numberofprescribeddrugswas

7.9(+ 3.5)forparticipantsintheinterventiongroupand 7.3 (+ 3.3) forthoseinthe
control group

Age (mean +SD): 82.4 + 6.9 years intervention, 81.9 + 6.2 years control
Female: 71.9% intervention, 66.7% control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: pharmacists worked as partinpatient services on
hospital wards as a clinical pharmacy service, the pharmacist(s) conducted an
independent medication reviews together with participants during a face-to-face
encounter, which were discussed with the prescriber

Training: education was provided to prescribers
Timing of intervention: during the hospital inpatient stay

Quote: “Theintervention consisted of the provision of pharmaceutical carefrom
admission to discharge by a clinical pharmacist. A pharmacist was present 4 days per
week and participated in medical and multi-disciplinary rounds, had direct contact with
participants and carers and had access to participant medical records. Forevery
participant, the pharmacist performed a medication history on admission and prepared
a participant record with clinical and pharmaceutical data. Appropriateness of
treatment was analysed, and a pharmaceutical care plan was prepared. Whenever an
opportunity to optimise prescribing arose, the pharmacist discussed this with the
prescriber, who could accept or reject the advice. The pharmacist answered all
questionsreceived fromhealthcare professionals about medications. Atdischarge the
pharmacist provided written and oral information on treatment changes to the
participant or carer, as well as written information to the GP”

Outcomes Prescribing appropriateness measured using MAI, Beers list, ACOVE
Mortality, readmission (hospital admissions) or visit to an emergency department,
medicationstaken,unnecessarydruguseandsatisfactionwithinformationprovidedat
admission and atdischarge

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear Quote: “Randomisation was alternate and was stratified for age, number

(selection bias) risk of prescribed medicines and identity of the residentin charge ofthe
participant. Apharmacistexternaltothe mainstudycheckedtheinclusion
criteria and assigned participants to their groups”

Allocation concealment (selection High risk |Quote:“Apharmacistexternaltothe mainstudycheckedinclusion criteria

bias) and assigned participants to their groups”

Blinding of participants and High risk |Quote: “The physicians were not blinded to group assignment because of

personnel (performance bias) the nature of theproject”

Blinding of outcome assessment High risk |Thestudywas notdouble-blinded,and MAl evaluations atdischarge

(detection bias) were unblinded

Incomplete outcome data (attrition |Low risk |7 participants in both control and intervention groups were transferred to

another unit

5 participants in each of the groups (10 people in total) died

Selective reporting (reporting bias) [High risk |A secondary outcome—'medications taken' was not reported

Baseline characteristics similar? |Low risk |Baseline participantcharacteristicswerereported. Nosignificantbaseline
differences between intervention and control groups

Reliable Primary outcome measure |Low risk  [MAI, Beers criteria and ACOVE are validated measures

Protection against contamination

High risk

Some physicians cared for control and intervention participants

Tamblyn 2003
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial
Unit of allocation: physicians
Unit of analysis: participant

Follow-up: terminated after an inappropriate prescription had been initiated or
discontinued

Duration: 13 months
Provider: physician

Participants

Setting/participants: 107 primary care physicians with atleast 100 participants,who
were 30yearsofageorolder,had practicesinMontrealand spentatleast 70%ofthe
week in fee-for-service practice were randomly assigned. Participants were 66 years
ofageorolder,hadbeenseenon?2ormoreoccasions bythe studyphysicianinthe
past year and were living in the community at the start of the study

Focus on polypharmacy: implied 35.6 intervention/33.8 control prescriptions per
elderly patient in the 18 months before the study date

Age (mean +SD): 75.4 + 6.3 years intervention, 75.3 + 6.2 years control
Female: 61.2% intervention, 64.2% control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: physicians delivered the intervention via a
computerised support programme, participants' medication lists were screened by the
physicians

Training: no educational intervention specified
Timing of intervention: unclear

Quote: “Each physician was given a computer, a printer, health record software and
dial-upaccesstothelnternet. Thesoftwaredocumented health problemsand
medications supplied. For each participant, trained personnel developed a health
problemlistand documented 26 health problems related totargeted drug-disease
contraindications and other health problems.

CDS group physicians downloaded updates of dispensed prescriptions from

the Quebec beneficiary, medical-service and prescription claims database

(Regie de I'assurance maladie du Quebec (RAMQ)). Data were integrated into

the participant's health record and were categorised as having been
prescribed by the study physician or by another physician. Alerts were
instituted toidentify 159 clinicallyrelevant prescribing problems amongthe
elderly(McLeod 1997). Alerts appeared whenthe physicianaccessedtherecord,
when prescription record updates were downloaded from RAMQ and when current
health problems and prescriptions were recorded in the chart by the physician. They
identifiedthe nature ofthe problem, possible consequencesand suggestedalternative
therapy in accordance with expert consensus”

Outcomes

Initiation and discontinuation rates of 159 prescription-related problems (McLeod
criteria)

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk|Quote: “Physicians were stratified by age, sex, language, location of

(selection bias) medical school and number of elderly patients. Half of the physicians
within each stratumwere randomly assigned to the CDS group”

Allocation concealment (selection Unclear risk|Insufficient information to permit judgement

bias)

Blinding of participants and Unclear risk|Quote: “Physicians and patients were not told the specific outcomes of

personnel (performance bias) thestudybutwere aware of whichgrouptheyhadbeenassignedto”

Blinding of outcome assessment Low risk Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Low risk Numberofinappropriatescripts started per 1000 visitsand number of

inappropriatescriptsdiscontinued per 1000visitswerereported

Selective reporting (reporting bias)

Low risk

Allresults of outcomes specifiedinthe methodologywere reported

Baseline characteristics similar?

Unclear risk

Baseline participantcharacteristicswerereported. Results of statistical
comparisons between intervention and control groups notreported

Reliable Primary outcome measure

Unclear risk

McLeod criteria were used

Protection against contamination

Unclear risk

Tominimisethe possibilityof contamination,only 1 physicianpergroup
practice was included

Taylor 2003
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial
Unit of allocation/analysis: participant
Follow-up: 12 months

Duration: baseline until 12months
Provider: pharmacists

Participants

Setting/participants: adult patients (33 intervention, 36 control) who received care at 3
community-based family medicine clinics affiliated with the University of Alabama
School of Medicine in Tuscaloosa and other towns in Pickens County, Alabama

Focus on polypharmacy: patients eligible forinclusion were taking 5 or more
medications, 12 or more doses per day, or both

Age (mean +SD): 64.4 + 13.37 yearsintervention, 66.7 + 12.3 years control
Male: 36.4% intervention, 27.8% control
Ethnicity, white: 60.6% intervention, 61.1% control

Interventions

Model of pharmaceutical care: medication reviews were provided by pharmacistsin
community-based family medicine clinics during a face-to-face encounter with
participants

Training: no educational intervention was specified
Timing of intervention: during a single attendance at outpatient clinics

Quote: “Participants received usual medical care along with pharmacotherapeutic
interventions provided by apharmacistduring regularly scheduled clinicvisits, based
onthe principles of pharmaceutical care. A participant typically met with apharmacist
for20 minutes before seeingaphysician. Published therapeuticalgorithmsand
guidelines were used as the basis of the pharmacists' recommendations. Pharmacists
were specifically trained to evaluate atherapy's indication, effectiveness and dosage,
aswellasthecorrectnessand practicality of directions, drug-druginteractions, drug-
disease interactions, therapeutic duplication and duration of treatment, untreated
indications and expense

The pharmacist reviewed the medical record for medication-related problems,
conductedachart reviewto ensure thatinformation on drug therapy and allergies was
accurately documented, examined the medication history to determine compliance
with and complications of medications and provided comprehensive individualised
participanteducation,whichincluded abriefreview of the disease, important lifestyle
modificationsandbasicdruginformation. Pharmacists monitored participants’
responsestodrugsandattemptedtoimprove compliance by consolidatingmedication
regimens, reducing dosage frequency, devising medication reminders and teaching
participants techniques for using devices such asinhalers. In addition to this, asystem
was developed inwhich the participant, the physician orthe nurse reported suspected
problemsassociatedwithdrugtherapy.Participants, nursesand physicianswere
educated about the signs and symptoms of medication misadventures.

The control group received standard medical care”

Outcomes Number of inappropriate prescriptions at baseline and at 12 months using the MAI
Change in number of hospital-admissions and emergency department visits at 12
months. Medication misadventures, medication compliance (participant self-report)
and quality of life (SF-36) were also assessed

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Unclear risk |Quote: “Patients were randomly assigned to a control group or an
(selection bias) intervention group”; Insufficient information to permit judgement
Allocation concealment (selection Unclear risk |Insufficient information to permit judgement

bias)

Blinding of participants and Unclear risk |Insufficient information to permit judgement

personnel (performance bias)

Blindingof outcomeassessment Unclear risk |Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Low risk 12 participants were notincluded because they were lost to follow-up

Selective reporting (reporting bias)

Low risk

All outcomes described were reported

Baseline characteristics similar?

Low risk

Baseline participant characteristics were reported. No significant
baseline differences between intervention and control groups

Reliable Primary outcome measure

Unclear risk

Insufficient information to permit judgement

Protection against contamination

High risk

Although participants were randomly assigned, physicians were not
because of the small number of physicians practising in the rural
community

Thyrian 2017
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Interventions to improve the appropriate use of polypharmacy for older people

Methods

Study design: randomised trial (cluster)
Unit of allocation: GP practices

Unit of analysis: patients

Follow-up: 12-month follow-up

Duration: 12-months

Providers: nurses

Participants

Setting/participants: 516 older patients (348 intervention and 168 control) recruited
from 95 GP practices in Germany

Focus on polypharmacy: number of drugs on admission, 6.4 + 3.2
Age (mean = SD): 80.6 = 5.7 years intervention, 79.8 + 5.0 years control
Male: 38.8% intervention, 39.7% control

Ethnicity: not reported

Interventions

Model of pharmaceutical care: the nurses conducted anin-depth assessment,
computer-assisted assessment determining a personalised array of intervention
modules and subsequent success monitoring

Training: no educational intervention was specified
Timing of intervention: unclear

Quote: “Dementia care managementaims to provide optimal care by integrating multi
professionaland multimodal strategies forimproving patient-and caregiver-related
outcomeswithinthe framework of the established health careand social service
system. Itwas developed according to current guidelines, targeted at the individual
participantlevel,and delivered at patients’ homes by 6 nurses with dementia-specific
qualifications supported by a computer-based intervention-management system(IMS)
to improve systematic identification of patients’ and caregivers’ unmet needs. The
nurses conducted an in-depth assessment. Based on these data, the IMS generated
anindividual preliminaryinterventiontasklist,andthe nursesdiscussed and finalized
thetasklistinaweeklyinterdisciplinarycase conferencewithanursingscientist,a
neurologist/ psychiatrist, a psychologist, and a pharmacist. Afterwards, the list of
intervention tasks was summarized inasemistandardized GPinformation letter. This
letter was then discussed between the GP and nurse to establish an individual
treatment plan. During the first 6months of the intervention period, the nurse
conducted 6 homevisitswithanaveragedurationof 1 hour, carryingouthis orher
standard intervention tasks in close cooperation with the caregiver, the GP, and health
careandsocial service professionals. Duringthe subsequent 6 months, the study
nurse monitored the completion of all intervention tasks. In line with the Pacala scale
forintensive case managements, each study nurse deliveredinterventionto, on
average, 60 patients with dementia

Participants cluster-randomised to the control group received careas usualina
primary care setting”

Outcomes

Use of potentially inappropriate medication (PRISCUS criteria)
Quality of life (QoL-AD)

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation Low risk  |Quote:“The GPwasrandomized byfaircointossingtocareasusualor

(selection bias) intervention group”

Allocation concealment (selection Unclearrisk|Insufficient information to permit judgement

bias)

Blinding of participants and High risk  |Quote: “The randomization was done before baseline assessment ofthe

personnel (performance bias) individuals and the intervention cannot be classified as blinded, neither
onthelevel of the GP, nor on the level of the study participant”

Blinding of outcome assessment High risk  |Quote: “Because baseline assessment, primary outcome assessment,

(detection bias) and delivery of intervention needed to be performed by the same nurses,
blinding was notpossible”

Incomplete outcome data (attrition |Low risk Missing outcomedatabalancedinnumbersacrossinterventiongroups,

with similar reasons for missing data across groups

Selective reporting (reporting bias)

High risk

Notall of the study’s pre-specified secondary outcomes have been
reported

Baseline characteristics similar?

Low risk

Baseline participantcharacteristicswerereported.Quote: “Thegroupsdid
not differ significantly according to primary outcomes and
sociodemographic variables”

Reliable Primary outcome measure

Low risk

PRISCUS is a validated tool

Protection against contamination

Low risk

Randomised at practice level

Trygstad 2005
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Methods

Study design: controlled before-after study
Unit of allocation/analysis: participant
Follow-up: 3 months, MarchtoJune 2003
Duration: 6 months

Providers: pharmacists

Participants

Setting/participants: medicaid-dependent nursing home residents from 253 nursing
homes in North Carolina

Focusonpolypharmacy: participants had 18 ormore prescriptionfillsinthe 90-day
period before the start of the study

Age (mean + SD): 77.57 £ 12.72 years
Male: 24.98%

Interventions

Model of pharmaceutical care: consultant pharmacists performed a comprehensive
profilereviewofthe computerised drug profiles of selected participants usingarange
oftools such as the Beers criteriaand made recommendations to prescribers

Training: no educational intervention was specified
Timing of intervention: over a 6 months period

Quote: “An on-site drug profile review was completed by pharmacists. Atoolkit with
instructions fordocumenting and screening criteria, used to flag drugs, was given to
pharmacists. Pharmacists werealso provided with computer-generated drug profiles
from Medicaid pharmacy claims that displayed flags for patients and suggestions for
modificationofdrugs andclasses ofdrugs. Drug profileswereacompilationofall
drugsforwhichaclaimwas paidinthe 90 days before generationregardless ofthe
presence of manalert. Thefirstalertcriterionwas receipt of adrugwidely considered to
beinappropriateforuseintheelderly (Beerslistdrug). The second criterionwas
receiptof adrug onthe community care of North Carolina prescription advantage list
(PAL),whichencouragessubstitutionofalessexpensivedrugwithinatherapeutic
class. The third criterion was appearance of a drug on the clinical initiatives list, which
includes 16 drugs thathad potential for qualityimprovementand cost savings.
Pharmacists were asked to record the result of the review and the result of the
consultationwiththe prescribing physician.Ifaninterventionresultedinadrugtherapy
changeof anytype, the newdrug, dose and quantity were noted. Drugdose and
quantity were also reported for each new drug added for previously untreated
indications”

Outcomes Number of Beers list drugs per participant, number of PAL list alerts, potential
medication problems categorised as 'consider duration' (of therapy), 'clinical initiatives'
and 'therapeutic duplication’

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation High risk  |Quote:“The comparison group consisted of patientsinnursinghomes

(selection bias) not responding to the invitation for inclusion in phase 1 of the
intervention”

Allocation concealment (selection Unclear risk |Quote: “Pharmacist and physician prescriber knew the allocation”

bias)

Blinding of participants and Unclear risk |Insufficient information to permit judgement

personnel (performance bias)

Blinding of outcome assessment Unclear risk |Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Low risk Dropout rates were similar between groups

Selective reporting (reporting bias)

Unclear risk

Not stated, not registered, Insufficient information to permit judgement

Baseline characteristics similar?

High risk

Baseline demographic differences existed between intervention and
controlgroups.Noreportedadjustmentofresultstoaccountforbaseline
differences in analysis

Reliable Primary outcome measure

Low risk

The Beers drug list, which is a validated instrument, was used

Protection against contamination

Unclear risk

Unclearas study authors stated that comparison group homes
participated after 6 months

Trygstad 2009
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Methods

Study design: controlled before-after study
Unit of allocation/analysis: participant
Follow-up: 3 months

Duration: 3 months

Providers: pharmacists

Participants

Setting/participants: medicaid-dependentnursinghomeresidentsinNorth Carolina

Focus on polypharmacy: patients were included if they had 18 or more drugfills in the
90 days immediately preceding the intervention

Age (mean): 77.6 years
Male: 24.9%

Interventions

Model of pharmaceutical care: consultant pharmacists performed a comprehensive
profilereviewofthe computerised drug profiles of selected participants usingarange
oftools such as the Beers criteriaand made recommendations to prescribers

Training: no educational intervention was specified
Timing of intervention: administered during a single nursing home visit

Quote: “Prescriptiondrugrecords of all North Carolinanursing facilities were retrieved
from Medicaid claims databases for the period August 2002 to April 2003. This period
encompassed the 90-day baseline, the 90-day intervention and the 90-day
postintervention periodstoallowforadifferenceindifference (DID)withacomparison
group study method. Targeted ('valueadded') drugregimen reviews (DRRs) were
performed during the routine monthly DRRs required by Omnibus Budget
Reconciliation Act (OBRA) nursing facility guidelines. Drug claims data were used to
createdrug profiles thatcontained cost-and quality-focussedalerts for patients with
18 ormoredrugfillsinthe 90 days immediately preceding the intervention. Computer
algorithms were used to screen profiles for 5 types of drug alerts: Beers drug alerts,
prescription advantage list (PAL) alerts, Clinical Initiatives alerts, duration alerts for
specific drugs and therapeutic duplication alerts. Alerts were generated retrospectively
from claims dataand were provided to consultant pharmacists for their retrospective
reviews, togetherwith residents’ mostrecentdrug claims profiles. These profileswere
comprehensivein nature and considered all drugs on aresident's profile regardless of
the presence or absence of an alert. The prospective component of the study allowed
apharmacisttointervene and request a drug change for new medication orders that
cameintothedispensingfacility,usingthe samealerting-targeting criteriadeveloped
fortheretrospective,computer-generateddrugprofiles.Someresidentsreceived only
retrospective reviews andinterventions, somereceived only prospectiveinterventions
and some received both”

Outcomes Number of Beers list drugs per participant, number of PAL list alerts, potential
medication problems categorised as 'consider duration' (of therapy), 'clinical initiatives'
and 'therapeutic duplication’

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation High risk  |Quote: “Comparison group residents were drawn from non-participating

(selection bias) long-term care facilities”

Allocation concealment (selection Unclearrisk|Quote: “Consultant pharmacists performed targeted, value-added drug

bias) regimen reviews for selected Medicaid-dependent residents. Itis not
clearwhether consultant pharmacists workedinbothinterventionand
control homes”

Blinding of participants and Unclearrisk|Insufficient information to permit judgement

personnel (performance bias)

Blinding of outcome assessment Unclearrisk|Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Unclearrisk|{63 residents had a prospective review

Selective reporting (reporting bias)

Unclearrisk

Insufficient information to permit judgement

Baseline characteristics similar?

Low risk

Quote: “After propensity scoringwas complete, both studyand potential
comparisonsubjects were matched using Mahalanobis metricmatching
to achieve balance among baseline characteristics”

Reliable Primary outcome measure

Low risk

Beers criteria

Protection against contamination

Unclearrisk

Not clear whether consultant pharmacists worked in both intervention
and control homes

Van der Linden 2017
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Methods

Study design: non-randomised trial
Unit of allocation/analysis: patient
Follow-up: 3-months post-discharge
Duration: unclear

Providers: clinical pharmacists

Participants

Setting/participants: 214 older patients (117 intervention and 97 control) recruited from
three acute geriatricwards of a 2000-bed university hospital in Flanders, Belgium

Focus on polypharmacy: number of drugs at baseline [median (IQR)], 9 (7 to 12)
intervention, 10 (7 to 13) control

Age (mean + SD): 84.5 + 4.69 years intervention, 84.5 + 4.97 years control
Male: 52% intervention, 44% control
Ethnicity: not reported

Interventions

Model of pharmaceutical care: clinical pharmacists performing medication
reconciliation and acomprehensive medication reviewwhich were discussed with the
treating physician

Training: no educational intervention was specified
Timing of intervention: during inpatient stay

Quote: “Intervention consisted of trained clinical pharmacists (EB, SD, KW, LD, LVDL)
performing medication reconciliation with a subsequent two-stage medication review.
The reconciled drug information was registered in the electronic patient file. In a first
step of the medication review, the RASP list was applied. All pharmacists were trained
in the use of the RASP list after having received the necessary introductory courses by
the senior pharmacists (LVDL, LD). A second step comprised an additional
comprehensive medication review by the clinical pharmacist, covering mistreatment
(e.g.useofantipsychoticdrugsinthetreatmentofagitationin patients with dementia),
overtreatment(e.g.prolongeduseof proton pumpinhibitors),aswellas potential
undertreatment (e.g. no use of anticoagulation in atrial fibrillation). Training of the
clinical pharmacists was overseen by senior pharmacists (LVDL, LD) and geriatricians
(T, JF). In addition, senior pharmacists (LVDL, LD) attended ward rounds
systematically to ensure correct study conduct. In the intervention group,
recommendations were actively reported to the treating physician on a daily basis. It
was left to the discretion of the treating physician as to whether to follow the
pharmaceutical recommendations. Accepted recommendations wereincluded inthe
discharge letter to the general practitioner”

Subjects enrolled in the control arm underwent usual medical and pharmaceutical care
with registration of drug use at admission and discharge without interference of RASP
or clinical pharmacist

Outcomes

The number of RASP PIMs
Quality of life

Notes

Risk of bias table
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Authors'

bias)

Bias judgement Support for judgement

Random sequence generation High risk Quote: “No active randomization was performed”

(selection bias)

Allocation concealment (selection High risk Quote: “Allocation totheinterventionversus the controlarmwas based
bias) on consecutive admissions toone control and two intervention wards”

Blinding of participants and Unclear risk |Insufficient information to permit judgement

personnel (performance bias)

Blindingof outcomeassessment Unclear risk |Insufficient information to permit judgement

(detection bias)

Incomplete outcome data (attrition |Low risk Missing outcomedatabalancedinnumbersacrossinterventiongroups,

with similar reasons for missing data across groups

Selective reporting (reporting bias)

Low risk

Thestudytrialregistryis availableand all of the study’s pre-specified
(primary and secondary) outcomes that are of interestin the review
have been reported

Baseline characteristics similar? |Low risk Baseline participantcharacteristicswerereported. No statistically
significantdifferencesinbaselinedemographics betweenthetwostudy
groups

Reliable Primary outcome measure |Low risk RASP is a validated tool

Protection against contamination

High risk

Monocentric study with potential for contamination

Wehling 2016
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Methods

Study design: randomised trial

Unit of allocation/analysis: participant

Follow-up: unclear, admission to discharge i.e. duration of stay
Duration: unclear,admissiontodischargei.e. duration of stay
Providers: ward physicians’

Participants

Setting/participants: 409 patients (202 intervention, 207 control) aged > 65 years who
were consecutively admitted to the geriatric departments in Germany

Focus on polypharmacy: number of patients with 6-10 medications (%), 55.0%
intervention, 56.5% control

Age (mean): 84 intervention, 82 control (see notes)
Male: 36.6% intervention, 34.3% control
Ethnicity: no information given

Interventions

Model of pharmaceutical care: medicine reviews were undertaken by the doctor
Training: physician education provided during the study
Timing of intervention: during inpatient stay

Quote: “Ontheintervention ward (FORTA group), physician education was structured
and continuously provided during the study. The physicians were formallyinstructed
aboutthe FORTA-principle and provided with the relating documents (publications,
current FORTA-list) by 2 lectures before the study commenced. They convened with
the FORTA intervention team (study physicians) on a weekly basis (PharmaBoard) to
review information, to collect data on patients included in the study and to discuss
medication plans with respect to the FORTA system. Though individual
recommendations may have been issued ward physicians were free to adopt them or
not. The FORTA intervention team had no power and legal sanction to modify
medication plans. The ward physicians’ own judgement was leading over FORTA-
based suggestionsinthe process of finding the appropriate medication

Onthe controlward all patients were treated based on established medical standards
and on the principles of good medical practice”

Outcomes

The quality of medications was assessed by the FORTA-score. Secondary endpoints
were the impact of FORTA on ADR and clinical outcomes

Notes

Risk of bias table
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. Authors' .

Bias judgement Support for judgement

Random sequence generation High risk |Quote: “Randomization had to be guided by random availability of beds on

(selection bias) oneward only with the other ward beinginaccessible at admission and this
may have resulted in observed heterogeneities between the control and
intervention groups atbaseline”

Allocation concealment (selection Low risk |Quote: “The assignment was performed by a manager blinded to the

bias) purpose of the study”

Blinding of participants and High risk |Quote: “Studydescribed asan“openrandomizedcontrolledtrial”.No

personnel (performance bias) apparent blinding of physicians based on intervention ward: on the
interventionward (FORTA group), physician education was structured and
continuouslyprovidedduringthe study. The physicianswere formally
instructed aboutthe FORTA-principleand provided withtherelating
documents (publications, current FORTA-list) by 2 lectures beforethe
studycommenced. They convened withthe FORTA interventionteam
(study physicians) on aweekly basis (PharmaBoard) to review information,
to collect data on patients included in the study and to discuss medication
plans with respect to the FORTA system”

Blindingof outcomeassessment Low risk |Quote:“Theassessmentof medication qualityandthe adjudication of

(detection bias) adversedrugreactions/clinicalendpointswere performed by FORTA-
trained physicianswhowerenotinvolvedin patientrecruitment,ward
instructiononthe study conductand patientinterviewing; thus, this could
be doneinablinded manner after discharge of the patient on the base of a
note and data review to avoid bias
In addition, patients were asked for ADR and clinical records searched for
related entries by the study team that was not blinded but did not
participate in the endpoint adjudication as described above”

Incomplete outcome data (attrition |Low risk |[No missing data reported

bias)

Selective reporting (reporting bias) |Low risk |Thestudyprotocolisavailableand all ofthe study’s pre-specified (primary
andsecondary) outcomesthatare of interestinthe review have been
reported

Baseline characteristics similar? |High risk |Baseline demographic differences existed between intervention and
controlgroups.Noreportedadjustmentofresultstoaccountforbaseline
differences in analysis

Reliable Primary outcome measure |Low risk |Validated assessmenttoolusedtoassessappropriatenessof prescribing
(FORTA-Iist)

Protection against contamination |[High risk |Increasingcontaminationofthe controlward bytheintervention prevented

the study authors from extending the recruitment period Authors report that
during the study, teams on the control ward seemed to have increasingly
acquired skills and knowledge from the other ward by migration and/or
communication

Footnotes

ACOVE: Assessing Care of the Vulnerable Elderly; ADEs: adverse drug events; AUM: Under-utilisation of Medication; CDS:
computerised decision support;CDSS: computerised decision support; Cl: confidence interval; cRCT: cluster-randomised
controlledtrial; DID: differencein difference.; DDIs: drug-druginteraction; DRPs: drug-related problems; eGFR: estimated
glomerularfiltrationrate; EHR: electronichealthrecord; EMR: electronicmedical record; FORTA: Fitfor The Aged; GP:
general practitioner; HCA: healthcare assistant; HRQoL: health-related quality of life; IGCT: inpatient geriatric consultation
team; IPET: Inappropriate Prescribinginthe Elderly Tool; IQR: interquartile range; ITT: intention-to-treat; MAIl: Medication
Appropriateness Index; MARS: Morisky the Medication Adherence Rating Scale; MTM: medication therapy management;
NHBPS: Nursing Home Behavior Problem Scale; OBRA: Omnibus Budget Reconciliation Act; PAL: Prescription Advantage
List; PIMs: Potentially inappropriate medications; PIP: potentially inappropriate prescribing; PPOs: potential prescribing
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omissions; RAMQ: Régie de I'assurance maladie du Québec; RASP: Rationalization of home medication by an Adjusted
STOPPin older Patients; SD: standard deviation; SF-36: Short form 36; STOPP: Screening Tool of Older Person’s
Prescriptions; TRIM: Tool to Reduce Inappropriate Medication

Characteristics of excluded studies

Aitichou 2015

Reason for exclusion

No appropriate data

Alassaad 2014

Reason for exclusion

Outcome measure. No prospective assessment of appropriateness

Alexopoulos 2008

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Alkema 2006

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Allard 2001

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Allen 1986

Reason for exclusion

Outcome measure. No measure of appropriateness

Allen 2011

Reason for exclusion

Nodata.Outcome measure:appropriatenesscriterianotvalidated (structuredaround
ACOVEguidelinesbutalsoincludedevidence-based protocols developed bythe
research team based on literature review)

Allen 2012

Reason for exclusion

No data. Outcome measure. No measure of appropriateness

Altiner 2012

Reason for exclusion

No data. Outcome measure. No measure of appropriateness

Anonymous 2005

Reason for exclusion

No appropriate data

Anonymous 2011

Reason for exclusion

No data. Erratum referred to list of multiple choice questions publishedin Journal of
the American Academy of Physician Assistants

Anonymous 2012

Reason for exclusion

No appropriate data

Anonymous 2016
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Reason for exclusion

No appropriate data

Anrys 2015

Reason for exclusion

No appropriate data

Arvisais 2015

Reason for exclusion

Outcome measure. No measure of appropriateness

Atkin 1996

Reason for exclusion

Outcome measure. No measure of appropriateness

Avorn 1992

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Bartlett 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Beckett 2012

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Beer 2011

Reason for exclusion

Outcome measure. No measure of appropriateness

Bell 2011

Reason for exclusion

No appropriate data. No measure of appropriateness

Bergert 2014

Reason for exclusion

No appropriate data

Blais 2008

Reason for exclusion

Participantstooyoung.Notpolypharmacyfocus.Appropriateness ofasthma
medication only

Bloomfield 2005

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Bosma 2008

Reason for exclusion

Unsuitable study design. Appropriateness criterianot validated (WinAP High Risk
Medicines; list of 14 high-risk medicines based on alist compiled by the Dutch
Scientific Institute for Pharmacy)

Buckmaster 2006

Reason for exclusion

Notpolypharmacyfocus. Participantstooyoung.Nomeasureof appropriateness

Burnett 2009
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Reason for exclusion

Participants too young

Burns 1995

Reason for exclusion

Outcome measure. No measure of appropriateness

Carey 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Claesson 1998

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Clyne 2013

Reason for exclusion

No data. Not polypharmacy focus

Clyne 2013a

Reason for exclusion

No appropriate data

Coleman 1999

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Colpaert 2006

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Corbi 2015

Reason for exclusion

Unsuitable study design

Courtenay 2007

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Darcy 2014

Reason for exclusion

No appropriate data

Davis 2007

Reason for exclusion

Unsuitable study design

Delate 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Denneboom 2007

Reason for exclusion

Outcome measure. No measure of appropriateness

Der 1997

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (unnecessary drugs)
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Desborough 2014

Reason for exclusion

No appropriate data

Di Marzio 2012

Reason for exclusion

No appropriate data

Diaz 2003

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Dresden 2013

Reason for exclusion

Unsuitable design. No appropriate data

Easthall 2014

Reason for exclusion

No appropriate data

Eckert 1991

Reason for exclusion

No appropriate data

Edmans 2013

Reason for exclusion

Outcome measure. No measure of appropriateness

Elliott 2012

Reason for exclusion

Outcome measure. No measure of appropriateness

Eriksson 2012

Reason for exclusion

No appropriate data

Essock 2011

Reason for exclusion

Outcome measure. No measure of appropriateness. Antipsychotic polypharmacy

Farris 2014

Reason for exclusion

Unsuitable study design

Feder 1999

Reason for exclusion

Not polypharmacy focus. Outcome measure. No measure of appropriateness

Feldstein 2006

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Fick 2004

Reason for exclusion

Unsuitable study design

Flanagan 2002
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Reason for exclusion

Unsuitable study design. No measure of appropriateness

Flores Dorado 2013

Reason for exclusion

Unsuitable study design

Fontaine 2006

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Frankenthal 2014a

Reason for exclusion

No appropriate data

Freeman 2012

Reason for exclusion

No appropriate data

Frohnhofen 2013

Reason for exclusion

No appropriate data

Gaede 2008

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Galindo-Ocana 2010

Reason for exclusion

Unsuitable study design

Ganz 2010

Reason for exclusion

Unsuitable design. Not polypharmacy focus

Garcia 2013

Reason for exclusion

No appropriate data

Garcia 2014

Reason for exclusion

No appropriate data

Garcia 2015

Reason for exclusion

Outcome measure. No measure of appropriateness

Garfinkel 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Gerber 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Geurts 2015

Reason for exclusion

Outcome measure. No measure of appropriateness
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Geurts 2016

Reason for exclusion

Outcome measure. No measure of appropriateness

Gill 2001

Reason for exclusion

Unsuitable study design. Appropriateness criteria not validated (Improved Prescribing
in the Elderly Tool (IPET)-improved prescriptions in the elderly tool)

Gillespie 2009

Reason for exclusion

Outcome measure. No prospective assessment of appropriateness

Gillespie 2017

Reason for exclusion

No appropriate data

Ginzburg 2012

Reason for exclusion

No appropriate data

Gislason 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Giunta 2015

Reason for exclusion

Outcome measure. No measure of appropriateness

Gorup 2012

Reason for exclusion

No data. Protocol changed

Gradman 2002

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Graffen 2004

Reason for exclusion

Outcome measure. No measure of appropriateness

Gramage 2014

Reason for exclusion

Outcome measure. No measure of appropriateness. Unsuitable study design

Guptha 2003

Reason for exclusion

Unsuitablestudydesign. Appropriatenesscriterianotvalidated (algorithmstoassess
appropriateness)

Gwadry-Sridhar 2005

Reason for exclusion

Outcome measure. No measure of appropriateness

Hamilton 2007

Reason for exclusion

Notpolypharmacyfocus.Participantstooyoung.Nomeasureof appropriateness
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Hasler 2015
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Reason for exclusion

No appropriate data

Hawes 2014

Reason for exclusion

Outcome measure. No measure of appropriateness

Hellstrom 2011

Reason for exclusion

Unsuitable design

Hobbs 2006

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Hogg 2009

Reason for exclusion

Outcome measure. Validated appropriateness criteria not applied to control group

Houghton 2014

Reason for exclusion

No appropriate data

Howard 2014

Reason for exclusion

Unsuitable study design

Hugtenburg 2017

Reason for exclusion

Not all patients receiving polypharmacy. No measure of appropriateness

Humphries 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Hung 2012

Reason for exclusion

Not polypharmacy focus. Outcome measure. No measure of appropriateness

llic 2015

Reason for exclusion

Unsuitable study design

Izquierdo 2007

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Jabalquinto 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Jean-Bart 2014

Reason for exclusion

No appropriate data

Jensen 2003
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[Reason for exclusion

Unsuitable study design. No measure of appropriateness

Juola 2015

Reason for exclusion

No appropriate data

Jodar-Sanchez 2015

Reason for exclusion

Outcome measure. No measure of appropriateness

Kaboli 2004

Reason for exclusion

Outcome measure. No measure of appropriateness

Kairuz 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Kashyap 2015

Reason for exclusion

No appropriate data

Kassam 2001

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Kassam 2003

Reason for exclusion

Unsuitable study design

Kastrissios 1998

Reason for exclusion

Outcome measure. No measure of appropriateness

Katzourakis 2010

Reason for exclusion

No appropriate data

Kavanagh 2014

Reason for exclusion

No appropriate data

Keith 2013

Reason for exclusion

Unsuitable design

Keller 2012

Reason for exclusion

Outcomemeasure.Appropriatenesscriterianotvalidated (baselinerisk strategy).

Participants too young

Key 2010

Reason for exclusion

Unsuitable design

Kjekshus 2005
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[Reason for exclusion

Unsuitable study design. No measure of appropriateness

Klopotowska 2011

Reason for exclusion

No data. Outcome measure. Appropriatenes criteria not validated (expert opinion)

Kojima 2012

Reason for exclusion

Unsuitable design. Outcome measure. No measure of appropriateness

Kojima 2014

Reason for exclusion

Unsuitable study design

Kolhatkar 2016

Reason for exclusion

Wrong study population

Kouladjian 2015

Reason for exclusion

No appropriate data

Kroenke 1990

Reason for exclusion

Outcome measure. No measure of appropriateness

Kwan 2007

Reason for exclusion

Outcome measure. No measure of appropriateness

Kwint2015

Reason for exclusion

No appropriate data

Ladouceur 2014

Reason for exclusion

No appropriate data

Lalonde 2008

Reason for exclusion

Outcome measure. No measure of appropriateness

Lapane 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Lapane 2011

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Laroche 2006

Reason for exclusion

Unsuitable study design

Larson 2015

Reason for exclusion

No appropriate data

95/211




Interventions to improve the appropriate use of polypharmacy for older people

Leach 2013

Reason for exclusion

No data

Ledwidge 2004

Reason for exclusion

Unsuitablestudydesign. Appropriateness criterianotvalidated (expertopinion)

Lee 2006

Reason for exclusion

Outcome measure. No measure of appropriateness

Lee 2013

Reason for exclusion

No appropriate data

Leendertse 2013

Reason for exclusion

Outcome measure. No measure of appropriateness

Legrain 2011

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Leguelinel 2013

Reason for exclusion

No appropriate data

Lemmens 2015

Reason for exclusion

Unsuitable study design

Lemmer 2014

Reason for exclusion

No appropriate data

Lenaghan 2007

Reason for exclusion

Outcome measure. No measure of appropriateness

Lichtman 2015

Reason for exclusion

No appropriate data

Lidsky 2014

Reason for exclusion

No appropriate data

Lim 2004

Reason for exclusion

Outcome measure. No measure of appropriateness

Linden 2013

Reason for exclusion

No appropriate data

Linton 2010
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Reason for exclusion

Unsuitable design

Lipscomb 2013

Reason for exclusion

No appropriate data

Lipton 1992

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Lipton 1994

Reason for exclusion

Outcome measure. No measure of appropriateness

Logue 2002

Reason for exclusion

No data. Not polypharmacy focus

Lopatto 2014

Reason for exclusion

Appropriateness criterianotvalidated (Maio Criteria(anltalianadaptation ofthe 2002
Beers Criteria))

Lourens 1994

Reason for exclusion

Outcome measure. No measure of appropriateness

Mador 2004

Reason for exclusion

Not polypharmacyfocus.Onlyappropriateness of psychoactive drugs measured

Majumdar 2007

Reason for exclusion

Outcomemeasure. Appropriatenesscriterianotvalidated (efficacious medicine)

Mannheimer 2006

Reason for exclusion

Not polypharmacyfocus. Appropriateness criterianotvalidated (DrugRelated
Problems—PharmCareNetwork Europe)

Mansur 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Martin 2013

Reason for exclusion

No data. Outcome measure. Rate of change in benzodiazepine use

Masoudi 2005

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Mattison 2010

Reason for exclusion

Unsuitabledesign.Outcome measure. Appropriateness criterianotvalidated (subset
of Beers medications)

Mendes 2016
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Reason for exclusion

No appropriate data

Meredith 2002

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Messerli 2016

Reason for exclusion

Outcome measure. No measure of appropriateness

Mestres 2015

Reason for exclusion

Outcome measure. No prospective assessment of appropriateness

Meulendijk 2013

Reason for exclusion

Unsuitable study design

Meulendijk 2015

Reason for exclusion

Unsuitable study design. Outcome measure. No measure of appropriateness

Meyer 1991

Reason for exclusion

Outcome measure. No measure of appropriateness

Midlov 2002

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Miller 2008

Reason for exclusion

Outcome measure. No measure of appropriateness

Miller 2014

Reason for exclusion

No appropriate data

Mills 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Mistler 2009

Reason for exclusion

Unsuitable study design. Appropriateness criteria not validated (medication reduction
algorithm)

Mo 2014

Reason for exclusion

No appropriate data

Moczygemba 2011

Reason for exclusion

Unsuitable design. Outcome measure. No measure of appropriateness

Moga 2017
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Reason for exclusion

Not all patients receiving polypharmacy

Monane 1998

Reason for exclusion

Unsuitable study design

Montero-Balosa 2015

Reason for exclusion

No appropriate data

Moore 1998

Reason for exclusion

Outcome measure. No measure of appropriateness

Morecroft 2014

Reason for exclusion

No appropriate data

Moss 2014

Reason for exclusion

No appropriate data

Moss 2016

Reason for exclusion

Unsuitable study design

Moulis 2014

Reason for exclusion

No appropriate data

Muir 2001

Reason for exclusion

Outcome measure. No measure of appropriateness

Muller-Mundt 2011

Reason for exclusion

Outcome measure. No measure of appropriateness

Muntinga 2012

Reason for exclusion

No data. OQutcome measure. No measure of appropriateness

Murray 2004

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Murray 2007

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Murray 2009

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Nassaralla 2014

Reason for exclusion

No appropriate data

99 /211




Interventions to improve the appropriate use of polypharmacy for older people

Naveiro-Rilo 2014

Reason for exclusion

Unsuitable study design. Outcome measure

Neutel 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Nickerson 2005

Reason for exclusion

Participants too young. No measure of appropriateness

O'Sullivan 2014

Reason for exclusion

Unsuitable study design. Outcome measure

Ogihara 2008

Reason for exclusion

Outcome measure. No measure of appropriateness

Ortega 2013

Reason for exclusion

Outcome measure. No measure of appropriateness

Owens 1990

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (“problem pairs")

Oyarzun-Gonzalez 2015

Reason for exclusion

No appropriate data

Ozturk 2015

Reason for exclusion

No appropriate data

Pagaiya 2005

Reason for exclusion

Participants tooyoung. Appropriateness criteria not validated (guideline adherence)

Paluch 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Patterson 2010

Reason for exclusion

Not polypharmacy focus. Approriateness of psychoactive drugs only. Appropriateness
criteria not validated (medication algorithm)

Payne 2015

Reason for exclusion

No appropriate data

Pepine 1998

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Peterson 2014
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[Reason for exclusion

Unsuitable studydesign

Pfister 2017

Reason for exclusion

No measure of appropriateness

Phelan 2008

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Pimlott 2003

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Pit 2007

Reason for exclusion

Appropriateness criteria not validated

Pitkala 2001

Reason for exclusion

Outcome measure. No measure of appropriateness

Pitkala 2012

Reason for exclusion

No data. Outcome measure. Appropriateness of anticholinergic and psychotropic
drugs only

Planton 2010

Reason for exclusion

No appropriate data

Pool 2007

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Potter 2016

Reason for exclusion

Outcome measure. No measure of appropriateness

Przytula 2015

Reason for exclusion

No appropriate data

Pugh 2006

Reason for exclusion

Unsuitable study design. Appropriateness criterianotvalidated (Health Plan Employer
Data and Information Set (HEDIS) 2006 quality measure)

Puvanendran 2011

Reason for exclusion

No appropriate data

Qian 2016

Reason for exclusion

Unsuitable study design

Rababa 2016
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[Reason for exclusion

Unsuitable studydesign

Raebel 2007

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Rantz 2015

Reason for exclusion

Unsuitable study design

Raphael 2015

Reason for exclusion

No appropriate data

Reboredo-Garcia 2014

Reason for exclusion

Unsuitable study design

RESPECT 2010

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (UK - MAI)

Reuben 2010

Reason for exclusion

Unsuitable study design. Participants with single long-term condition

Reynders 2013

Reason for exclusion

No appropriate data

Rose 2015

Reason for exclusion

No appropriate data

Roughead 2007a

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Roughead 2007b

Reason for exclusion

Unsuitable study design

Roughead 2013

Reason for exclusion

Unsuitable study design

Sakakibara 2015

Reason for exclusion

Outcome measure. No measure of appropriateness

Saltvedt 2002

Reason for exclusion

Outcome measure. No measure of appropriateness

Santolaya-Perrin 2016

Reason for exclusion

No appropriate data
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Schmidt 2008

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Schmidt-Mende 2017

Reason for exclusion

Not all patients receiving polypharmacy

Schnipper 2006

Reason for exclusion

Outcome measure. No measure of appropriateness. Participants too young

Schoenenberger 2013

Reason for exclusion

No appropriate data

Schrader 1996

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Schroder 2012

Reason for exclusion

Participants with single long-term condition

Sellors 2001

Reason for exclusion

Outcome measure. No measure of appropriateness

Sellors 2003

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Sennesael 2017

Reason for exclusion

Wrong study design

Shrestha 2006

Reason for exclusion

Participants too young. No measure of appropriateness

Sicras Mainar 2004

Reason for exclusion

Outcome measure. No measure of appropriateness

Sicras Mainar 2005

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Sicras Mainar 2007

Reason for exclusion

Outcome measure. No measure of appropriateness

Silkey 2005

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Simon 2005
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Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Simon 2006

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (expert opinion)

Simonson 2015

Reason for exclusion

No appropriate data

Sinnott 2015

Reason for exclusion

Unsuitable study design

Smeets 2013

Reason for exclusion

No appropriate data

Smith 1996

Reason for exclusion

Outcome measure. No measure of appropriateness

Sorensen 2004

Reason for exclusion

Outcome measure. No measure of appropriateness

Soumerai 1998

Reason for exclusion

Not polypharmacy focus. No measure of appropriateness

Straand 2006

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Stuck 1995

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Sturgess 2003

Reason for exclusion

Outcome measure. No measure of appropriateness

Tallon 2016

Reason for exclusion

Unsuitable study design

Teichert 2013

Reason for exclusion

Unsuitable design

Terceros 2007

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Terrell 2009
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Reason for exclusion

Outcome measure.Appropriatenesscriterianotvalidated (expert panel selected
subset of medications from Beers criteria)

Thiem 2011

Reason for exclusion

No appropriate data

Thomas 2014

Reason for exclusion

No appropriate data

Thompson 2008

Reason for exclusion

Outcome measure. No measure of appropriateness. Participants too young

Thurmann 2011

Reason for exclusion

No appropriate data

Thyrian 2012

Reason for exclusion

No data. Participants with single long-term condition

Tomaes 2015

Reason for exclusion

Unsuitable study design

Touchette 2012

Reason for exclusion

Outcome measure. Appropriateness criterianotvalidated (Drug Related
Problems—Pharmaceutical Care Network Europe)

Tse 2008

Reason for exclusion

Outcome measure. No measure of appropriateness

Van Balen 2014

Reason for exclusion

No appropriate data

Van Den Broucke 2014

Reason for exclusion

Unsuitable study design

Van der Elst 2006

Reason for exclusion

Outcome measure. Appropriateness criteria not validated (Peer Review Group
consensus)

van Hees 2008

Reason for exclusion

Outcome measure. No measure of appropriateness

van Marum 2015

Reason for exclusion

Unsuitable study design

Vejar 2015
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Reason for exclusion

Unsuitable study design. No measure of appropriateness

Verrue 2010

Reason for exclusion

No appropriate data

Vetter 1992

Reason for exclusion

Outcome measure. No measure of appropriateness

Viktil 2006

Reason for exclusion

Unsuitable study design. No measure of appropriateness

Volume 2001

Reason for exclusion

Outcome measure. No measure of appropriateness

Wallis 2015

Reason for exclusion

No appropriate data

Watson 2014

Reason for exclusion

Unsuitable study design

Weber 2008

Reason for exclusion

Outcome measure. No measure of appropriateness

Wehling 2015

Reason for exclusion

No appropriate data

Weingart 2008

Reason for exclusion

Participants too young. No measure of appropriateness

Wenger 2007

Reason for exclusion

Unsuitable study design. (ACOVE criteria development/assessment)

Wessell 2008

Reason for exclusion

Unsuitable study design. Appropriateness criteria not validated (potentially
inappropriate medication indicators based on Zhan criteria)

Westberg 2014

Reason for exclusion

Outcome measure. No measure of appropriateness

Whalen 2014

Reason for exclusion

Unsuitable study design

Willcox 1994
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Reason for exclusion

Unsuitable study design

Willeboordse 2017

Reason for exclusion

Not all patients receiving polypharmacy. No measure of appropriateness

Williams 2004

Reason for exclusion

Outcome measure. No measure of appropriateness

Wouters 2017

Reason for exclusion

Not all patients receiving polypharmacy

Wu 2006

Reason for exclusion

Outcome measure. No measure of appropriateness

Wu 2016

Reason for exclusion

No measure of appropriateness

Xin 2016

Reason for exclusion

Outcome measure. No measure of appropriateness

Zermansky 2006

Reason for exclusion

Outcome measure. No measure of appropriateness

Zuckerman 2005

Reason for exclusion

Unsuitable study design

Footnotes

ACOVE: Assessing Care of the Vulnerable Elderly
MAI: Medication Appropriateness Index

Characteristics of studies awaiting classification

Cossette 2016
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Methods

Segmented regression analysis of an interrupted time series

Participants

Quote:“Individualsaged 75 and olderdischarged fromthe hospitalin2013/14”

Interventions

Quote: “The KT strategy was based on a previously proposed knowledge-to-action
framework and designed to be dynamicand evolving throughoutitsimplementation.
Thegeriatricians’ presentations were modifiedinaniterative process basedon
clinicianfeedback fromthe preinterventionphase. This feedbackinfluencedthe choice
ofthe CAS alerts. Scheduling presentations with multiple groups of clinicians within a
short time frame was difficult. Practical considerations superseded methodological
considerations, and interventions were scheduled based on clinician availability. The
preintervention period was defined as January 2013 to February 2014, with four of the
12 geriatricians’ presentations made in 2013 (February, May, August, October) and
the pharmacists’ presentations to the pharmacy department made in October 2013.
The main intervention period was March and April 2014; the PIM lists (Appendices S1
and S2) were distributed on April 22, 2014, and six of the 12 geriatricians’
presentations were between February 19 and May 2, 2014. In the postintervention
period, defined as May to December 2014, one geriatrician presentation each was
madeinjuneand September. The CAS pilot studywas conducted from April 28 to
June 20,2014.The CASinterventionwas stopped atthe end of the pilot study to
evaluate the results and restarted in 2015.

Control Groups: Therate and slope of the preintervention period served as control for
the postintervention period. Analyses were also conducted to account for
environmentalfactorsthatcould have been presentduringtheintervention periodand
influenced PIM use. A controlgroup ofindividuals aged 18to 64 admitted to the
Centre Hospitalier Universitaire de Sherbrooke (CHUS) was constituted to evaluate
the effect on PIM use of possible co-interventions such as areduction in drug price”

Outcomes Rate of potentiallyinappropriate medication use (number of patient days with use of at
least one PIM/number of patient-days of hospitalisation forindividuals aged >75)

Notes We are currently waiting for confirmation from the authors for more information to
ascertain whether participants were receiving polypharmacy

Cossette 2017

Methods Pragmatic single-site randomised trial

Participants

Quote: “Eligible patients were all adults aged 65 or older who presented with at least
one of the geriatric explicit criteria for PIMs”

Interventions Quote: “The KT strategywas composed of the following: (1) distribution of educational
materials to all physicians, medical residents, and pharmacists, (2) in-services in the
various medical and surgical departments by the geriatricians, (3) comprehensive
geriatricassessments,and (4) CAS-based pharmacist-physicianinterventions”

Outcomes PIM drug cessation or dosage decrease - based on Beers and STOPP criteria

Notes We are currently waiting for confirmation from the authors for more information to

ascertain whether participants were receiving polypharmacy

Leguelinel-Blache 2018
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Methods

Multicentric stepped wedge randomised study

Participants

Quote: “Patients aged at least 65 years, hospitalized in one of the participating care
units”

Interventions

Quote: “During the control period, there will be no clinical pharmacist in the care unit.
The hospital physician will write the AMO, then a pharmacy technician or a pharmacy
studentwill performthe bestpossible medication history (BPMH)accordingtothe
SOP MED’REC [35] and collect all the relevant bioclinical data to perform prescription
review.Noinformationwill be transmitted tothe healthcare teamexceptinlife-
threatening emergencies. Aclinical studytechnician fromthe promoter centerwill call
allthe patients at 30 + 10and 90 + 10 days after their hospital discharge to determine
whether they had died or been re-hospitalized. If they report that they had been re-
hospitalized,apharmacyresidentfromthe promotercenterwillcallthemagainto
investigate if the cause of the hospitalization is due to medication regimen. After the
follow-up, the medication reconciliation and review will be retrospectively conducted by
theclinical pharmacistswhohave participatedintheinterventional periodineach
investigator center. Finally, experts will retrospectively assess the potential clinical
harm of each medication error detected. Inthe interventional period, a senior clinical
pharmacistbasedinthe care unitwill perform medication reconciliation by comparing
the BPMH to the AMO and notifying the prescriber of any possible discrepancies.

He/Shewill collect all relevant bioclinical data and perform medication review of the
AMO by using the STOPP and START tools [18], the French list of potentially
inappropriate medicationsinelderly[36],and the PAPA guide about medication
prescription adapted to the elderly, published by the French Society of Geriatric and
Gerontology [37]. The clinical pharmacist will have a collaborative meeting with both
the prescriberandthenurseinordertonotifyany possible medicationerrorsand
suggestany proposals tooptimizethe AMOaccording tothe medical history, the
clinical status, and the therapeutic adherence etc. (e.g. change of galenic form due to
swallowing problem, dose adjustmentto renal function, etc.). After the collaborative
meeting, theclinical pharmacistwill checkwhetherthe prescriberhas acceptedhis/her
suggestion(s) and modified the AMO. All the pharmaceutical interventions, i.e. the
medicationerrors detected and the pharmaceutical suggestions of order modification,
will be collectedand characterizedinastandardizedformaccordingtotheFrench
Society of Clinical Pharmacy[38]. The post-discharge follow-up and the retrospective
assessmentofthe potentialharm of each errorwill be performedasinthe control
period. At the end of the study, a satisfaction survey will be sent to all the care
providers involved in the collaborative pharmaceutical care”

Outcomes

STOPP/START used in the intervention
Number of patients with atleastone preventable medication
Preventable medication error

Number of patients at highrisk for adverse drug events
Readmission rate forin-patient hospitalisation

Length of hospital stay

Notes

NCT02598115

We are currently waiting for confirmation from the authors for more information to
ascertainifresults of the primaryoutcomesofinterest(STOPP/START)will be
reported

Lenander 2017
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improve the appropriate use of polypharmacy for older people

Methods

Randomised trial

Participants

Patients aged 65 years and older

Interventions

Quote: “The intervention consisted of several steps. The first step was a self-
assessment questionnaire, to be answered by the primary care centres together with
pharmacies, hospitals and municipally provided home care. It consisted of questions
regarding how patient safety is maintained during prescription of medication,
medicationuseandfollow-up, and specificallyfrailelderly patientsatthe primary care
centre. Thefocus ofthe questionswas on howthe primary care centres currently
handle medication reviews, co-operation with pharmacies and secondary care, and,
notleast, howtoensurethese measures are followed. In the second step of the
intervention, a group of selected doctors, nurses and pharmacists, with vast
experience in elderly care, served as reviewers. With support from the project
management team and written instructions and documents, the reviewers analysed
theself-assessmentquestionnairesandanyadditional material supplied by the
primary care units. They had opportunity to get clarifications regarding any questions
duringsitevisits. Thereafter, the reviewers produced awritten feedback report forthe
primary care unitand, togetherwith the managementat the primary care unit, agreed
on an action plan for improvements”

Outcomes Potentially inappropriate medications - six drug-specific quality indicators, in
accordance with the indicators described by the Swedish National Board of Health and
Welfare

Notes We are currently waiting for confirmation from the authors for more information to
ascertain whether participants were receiving polypharmacy

Footnotes

AMO: admission medication order

BPMH: best possible medication history

CAS: computerised alert systems
CDS: Clinical Decision Support
EMR: electronic medical record
KT: knowledge translation

PAPA: medication prescription adapted to elderly PIMs: potentially inappropriate medications
PIP: potentiallyinappropriate prescribing START: Screening Tool to Alert doctors to the Right Treatment
STOPP: Screening Tool of Older Person’s Prescriptions

Characteristics of ongoing studies

ACTRN12617000665336
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Study name

Impact of clinical pharmacist medication review on appropriate prescribing in elderly
patients: A randomized, trial

Methods

Randomised trial

Participants

Quote: “Patients are eligible for the studyifthey 1) attend medical followup in
Specialized Out-patient Clinic (SOPC) of the Department of Medicine, 2) are 65 years
orolder,3)have hyper-polypharmacy(definedas 10ormoreregulardrugsand4)
agree to provide oral informed consent”

Interventions

Quote: “For the intervention group, clinical pharmacist with 5 years of clinical
experience will perform medication chart review prior to the next SOPC follow-up, The
reviewincludesassessingtheappropriatenessofeachoftheregularmedications
based on laboratory findings, medication lists, consultation and discharge notes,
proceduresandtestresults. Face-to-faceinterview (lasts foraround 30-45 mins) will
then be conducted with patients onthe day priortothe SOPC follow-up. Clinical
pharmacists willassess drug use history, identify drug-related problems and provide
drugtherapyinterventions throughwritten pharmacist note to physicians during the
SOPC follow-up, based on the medication chart review and the above pharmaceutical
assessments. Immediately after the SOPC follow up, clinical pharmacist will provide
education (which lasts about 15 minutes) on drug-related problem identified before the
visit, reinforce physician’sinstruction,and encourage drug compliance using written
patient educational leaflets. Phone follow follow-up will be conducted 1 month after the
pharmacist intervention.”

“For patient randomized to control group, they will attend the medical follow-up as
usual and receive usual care, in which patients would have visit their physicians during
theSpecialistOut-patientClinic(SOPC)andwiththeirmedicationdispensedinthe
Out-patient pharmacy as usual. No pharmacist medication review will be performed,
and no pharmacist interview with patients for the control group”

Outcomes

Primaryoutcome: Medication AppropriatenessIndex (MAI)
Secondary outcome:

Changeinnumberofdrugs prescribed to each participant, Potentially Inappropriate
Medications (PIMs) identified by Screening Tool of Older Persons’ Prescription
(STOPP), Potential Prescription Omission (PPOs) identified by the Screening Tool to
Alert Doctors to the Right Treatment (START),

Changes in total number of drug-related problems,
30 day-unplanned hospital admission,
Medication adherence measured by Morisky Score (MMAS-4)

Starting date

July 2017

Contact information

Miss Heidi Chan
Pharmacy, PamelaYoude Nethersole Eastern Hospital 3Lok Man Road, ChaiWan,
HK, Hong Kong

cyh123@ha.org.hk

Notes

Intervention phase complete, no results currently published

Anrys 2016
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Study name

Collaborative approach to Optimise MEdication use for Older peoplein Nursing homes
(COME-ON)

Methods

randomised trial (cluster)

Participants

Quote: “63 Belgian nursing homes (30 intervention; 33 control). In each of these
nursing homes, 35 residents (=65 years) are selected for participation

Residents were considered eligible if they were aged 65 years or older and were under
the care of a participating GP”

Interventions Quote: “The key element of this complex intervention is the structured and repeated
interdisciplinary resident’s medication review (referred to hereafter as ‘interdisciplinary
case conferences’) supported by training and local concertation”

Outcomes Quote:“Primary: Theappropriateness of prescribingattheresidentlevelandare

defined as (1) among residents who had at least one PIM/PPO at baseline, the
proportionofthemforwhomthereisadecreaseofatleastoneofthese PIM/PPOat
the end of study and (2) among all residents, the proportion of them forwhom at least
one new PIM/PPQO is present at the end of the study as compared to baseline.

PIMs/PPOswill beidentified fromapre-definedlistofexplicitcriteriathatincludes
STOPP/START (version 2) and Beers (2015) criteria”

Starting date

April 2015

Contact information

Pauline Anrys

Louvain Drug Research Institute, Clinical Pharmacy Research Group, Université
Catholique de Louvain, Brussels, Belgium

pauline.anrys@uclouvain.be

Notes

ISRCTN66138978

Protocol: Anrys et al. (2016). Collaborative approach to Optimise MEdication use for
Older peoplein Nursinghomes (COME-ON): study protocol of a cluster controlled trial.
Implementation Science, 11(1),35

Process Evaluation: Anrysetal.(2016a). The COME-ON study: Collaborative
approachtooptimise MEdication use for Older peopleinNursinghomes-process
evaluation protocol

Intervention phase complete, no results currently published

Dauphinot 2017
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Study name

Optimization of drug prescribing in an elderly population of geriatric consultations
(OPTIM)

Methods

Multicentre, open-label, randomized trial

Participants

Quote: “Patients aged 65 and over, patients received for the first time in a geriatricor
memory consultation, patients living at home, patients with the ability to express
themselves orally orinwritingin French sufficiently to carry out clinicalassessments,
patientswholedthelastdrugs prescriptionfrom his referring physician, atthe
geriatric/memory consultation (in current practice, patients should take the last
prescription established by the referring physician), and patients accompanied by a
caregiver”

Interventions

Quote: “Theintervention group will participate to the optimization program: clinical
medication review performed by a pharmacist in cooperation with the clinician. This
aimis toidentify actual and potential DRP, to decrease the potential iatrogeny of drug
prescriptionandtoimprove the drugadherence ofthe patient. This intervention will be
standardized across participating centers througha“Drug prescription optimization”
form.Thepharmacistwill completethis reportformincludingthe patientdata(medical,
social, lab results and medication), their synthesis of medication review, and their Plin
ordertoachieve drugoptimizationandtheir counseling/specific strategiesinorderto
improve the drug adherence. In our study, the clinical medication review will be at the
inclusion, 6 months and 18 months. The review of current medication performed by the
pharmacist, in collaboration with the clinician (specialist physician), will also identify
DRP (including pharmacological redundancy, medication overdose, need fora change
in dosage form and PIP) taking into account the specificities of drug managementin
elderly patients. The DRPwill beidentified throughastructuredapproachforeach
patient and the pharmacist will perform PI. The medication review will be standardized
through various tools, including current national professional guidelines and
international recommendations, medications databases, and prescription
appropriateness as assessed by a set of validated quality indicators including
Screening Tool of OlderPersons’ potentiallyinappropriate prescriptions and Screening
Tool to Alertdoctors to Right Treatment (STOPP-START) and Beers criteria. The Pl
are defined as “any actioninitiated by a pharmacist directly resulting in a change of the
patient’s management or therapy’ to the physician” and including addition of anew
drug, discontinuation, switch, dose adjustment, optimization of administration and drug
monitoring. In order to optimize drug adherence, the pharmacist will provide
comprehensive counseling and perform specific adherence strategies (information
about medications andadministration)”

Outcomes

Proportion of potential inappropriate medication (from clinical trial page)
STOPP/START

Theoccurrenceandthenumberofall-cause hospitalisations and all-cause emergency
department visits

Qualityoflife ofthe patients measured bythe questionnaire EUROQOL 5D (EQ-5D)

Starting date

May 2016

Contact information

Dr Dauphinot Virginie

virginie.dauphinot@chu-lyon.fr / d_virginie@hotmail.com

Notes

NCT02740764

Intervention phase ongoing

Desborough 2011
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Study name

Multi-professional clinical medication reviews in care homes for the elderly

Methods

Randomised trial (cluster)

Participants

Quote: “Carehomes forolderpeople (averageage > 65 years), registered with the
Care Quality Commission (CQC) for at least 6 months and not specifically for people
(of all ages) with learning disability, sensory impairment, mental health problems,
physical disabilities and alcohol dependence. Care homes will also be excluded if they
have received a medication review service from the Primary Care Trust in the previous
6 months, if they receive the services of a community geriatrician or if they are subject
to investigation of the safeguarding of vulnerable adults”

Interventions

Quote: “Interventionhomeswillreceiveamulti-professional medicationreview
(MMRS) at baseline and at 6 months, with follow-up at 12 months. Control homes will
receive usual care (support they currently receive from the National Health Service)
with data collection at baseline and 12 months”

Outcomes

Quote: “Primary: numberoffalls (mean number per participant per month), potentially
inappropriate prescribing (numberofdrugs matchingSTOPPcriteriaateachdata
collection point)

Secondary: medication costs (meandrug cost per participant—netingredient costs for
28days); utilisation of primary care, secondary careand personal social services
health professionaltime (general practitioner (GP), nurseand other); emergency
hospital admissions and accident and emergency visits (number of admissionsin 6
months per participant), mortality”

Starting date

November 2010

Contact information

Julie Houghton
j.houghton@uea.ac.uk

Notes

ISRCTN90761620

Intervention phase complete, no results currently published

DRKS00003610
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Study name

Reduction of potentially inappropriate medication in the elderly

Methods

Randomised trial (cluster)

Participants

Patientparticipants:aged 70yearsandolder,takingatleast6 differentdrugsona
regularbasis, life expectancyofatleast6 months (atthediscretionof thetreating
primary care physician), legal competence, willingness to comply with study
arrangements (i.e. assessmentinthe primary care office, telephone interviews) and to
provide written informed consent, accessible by phone

Interventions

Quote: “Written information sources (pocket-sized quick reference guide and
comprehensive manual) containing recommendations from the PRISCUS list of
potentiallyinappropriate medicationsintheelderlywillbe providedtogeneral
practitioners in the intervention arm. General practitioners will also be offered different
trainingopportunities, depending ontheir needs and requirements, toallowthemto
get familiar with recommendations and to practice their application”

Outcomes

Quote: “Primary: proportion of participants per office with potentially inappropriate
medication as defined by PRISCUS list (time frame: after 12 months of follow-up)”

Starting date

May 2012

Contact information

Prof. Hans-Joachim Trampsich

Departmentof Medical Informatics, Biometryand Epidemiology, University of Bochum,
Bochum, Germany

hans.j.trampisch@ruhr-uni-bochum.de

Notes

Intervention phase complete, no results currently published

DRKS00012246
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Study name

SiMbA- Optimizing nursing home residents " safety by checking prescribed medication

Methods

Non-randomised trial

Participants

Quote: “Inclusion criteriafornursing home residents are, atleast 65 years old, written
informed consent of the resident or legal representative, at least one prescription”

Interventions

Quote: “The study intervention includes three processes:

1) Knowledge training for nurses, GPs and pharmacists including face to face and
online teaching about drug risk management and related topics

2) Aspecial onlinetool, the SiMbA-Platform (SiM-Pl) was developed and introduced to
enhance health care professional s communication

3) Thelntervention is completed with therapy checks by the GPs, the pharmacists use
the medication type | analysis to review the appropriateness of the prescribed
medication. The care staffin the nursinghomes record abnormal symptoms of
residents in therapy monitoring forms and inform the GPs”

Outcomes

Quote: “Primaryoutcome: Appropriateness of medication measured by the medication
appropriateness index, (MAI)

Secondary outcomes: Assessment of the residents’ mobility and tendency of falls,
occurrence of delirium, the registration of potential malnutrition and the evaluation of
health related quality oflife”

Starting date

November 2016

Contact information

Dagmar Schaffler-Schaden

Institute of General Practice, Family Medicine and Preventive Medicine, Paracelsus
Medical University, Strubergasse 21, 5020 Salzburg, Austria.
dagmar.schaffler@pmu.ac.at

Notes Protocol: Schaffler-Schaden D, Pitzer S, Schreier M, Dellinger J, Brandauer-Stickler B,
Lainer M, et al. Improving medication appropriateness in nursing home residents by
enhancing interprofessional co-operation: A study protocol. Journal of interprofessional
care 2018;1-4
Intervention phase ongoing

DRKS00013588
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Study name

HIOPP-3-iTBX: Appropriate and safe medicationfornursinghomeresidents usingan
interdisciplinary toolbox (AMTS-Toolbox)

Methods

Randomised trial

Participants

Quote: “Residents eligible to participate in our study need to be at least 65 years old
and long-term residents in a nursing home"

Interventions

Quote:“Arm 1:Participating nursinghomeresidentsintheinterventiongroup receive a|
multimodalinterprofessionalintervention consistingofamedicationreviewbya
specially trained pharmacist accompanied by change management measures,
trainings and a toolbox aimed to improve and support the cooperation of the
professions involved in the medication managementin nursing homes.

Arm 2: Among the control group usual care will be observed, no intervention will be
conducted.”

Outcomes

Quote: “Primary Outcome: The rate of nursing home residents with PIM (and/or two
antipsychotic drugs. PIMs will be classified according to the 'PRISCUS' list (Personal
communication).

Secondary Outcomes: Number of active pharmaceutical components, PIM,
neuroleptics, falls, hospitalisations and their duration, emergency medical services,

unplanned/unscheduled GP contacts, quality of life, health economic outcomes, health
care utilisation and patient care based on routine health data”

Starting date

February 2018

Contact information

Dr. med. Olaf Krause
Krause.Olaf@mh-hannover.de

Notes

Intervention phase ongoing

Husebo 2015
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Study name

Improving quality oflifeinnursinghomeresidents:aclusterrandomizedclinicaltrial of
efficacy (COSMOS)

Methods

Pilot study and multicenter, cluster randomised effectiveness-implementation clinical
hybrid trial with follow-up

Participants

Patientparticipants: Nursinghome patients (n=571)withandwithoutdementia, > 65
years old, with polypharmacy (= 4 drugs) from 67 nursing home units

Interventions

Quote: “COmmunication, Systematic assessment and treatment of pain, Medication
review, Occupational therapy, Safety (COSMOS): The intervention group will receive a
2-dayeducationprogramincludingwrittenguidelines, repeatedtheoreticaland
practicaltraining(credited educationof caregivers, physiciansandnursinghome
managers), case discussions and role play. The 1-day midway evaluation, information
andinterviews of nursing staffand atelephone hotline all supportthe implementation
process.

Thecontrolgroupwillreceive careasusual, duringthetrialand follow-up period”

Outcomes

Quote: “Total medication and use of psychotropic drugs in numberand dose will be
assessedwithrespecttodrug-related problems anddrug-druginteractions using
STOPPand START criteria. Other measuresinclude quality of lifein late-stage
dementia, hospital admission and mortality”

Starting date

Before July 2015

Contact information

Elisabeth Flo

Department of Global Public Health and Primary Care, Centre for Elderly - and
Nursing Home Medicine, University of Bergen, Kalfarveien 31, N-5020 Bergen,
Norway. elisabeth.flo@uib.no

Notes

NCT02238652

Intervention phase complete, no results currently published

ISRCTN18427377
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Study name

Hospital discharge study

Methods

Randomised trial (cluster)

Participants

Quote: “Participant inclusion criteria
1. In-hospital patient at the time of inclusion
2. Male or female of 60 years or older with 5 or more drugs prescribed”

Interventions

Quote: “Intheintervention group, the seniorhospital physicians takes partina
teachingsessionoftwohours durationabouthowtointegrateastructured medication
review and specific elements of communication into the daily discharge routine. The
senior physicians areresponsible forinstructing theirassistant physicians in patient
recruitment and carrying out the correct discharge procedure.

Theassistant physicians critically reviewtheir patients’ medication lists, discuss the
results of these reviews and their suggestions with the patients and compile revised
medicationlistswhich theythen communicate tothe patients’ general practitioners
with an invitation for discussion.

The senior hospital physiciansin the control group undergo atwo hourinstruction
addressing multimorbidity, patient in- and exclusion and the handling of the different
data collection forms. Their assistant physicians will follow the “usual” discharge
routine of their clinics”

Outcomes

Primary outcome measures: time(indays)without readmissionto hospital
Secondary outcome measures:
readmission rates,

numbers of drugs at discharge and at 1, 3 and 6 months after discharge, Proportions
of potentially inappropriate medications (PIMs) at discharge and at 1, 3 and 6 months
after discharge are (consecutive classification at study centre based on updated Beers
criteria, 2012 and PRISCUS list),

patients’ quality of life atdischarge and at 1, 3 and 6 months after discharge
(EQ-5D-3L-scale)

Starting date

January 2017

Contact information

Dr. med. Stefan Neuner-Jehle MPH (Scientific)
stefan.neuner-jehle@usz.ch

Notes

Currently in recruitment phase

Johansen 2018
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Study name

Interdisciplinary collaboration across secondary and primary care to improve
medication safety in the elderly IMMENSE study)

Methods

A non-blinded randomised trial

Participants

Quote:“Inclusioncriteria: age >70years,acutelyadmitted andwillingto provide
written informed consent (patient or next of kin). Exclusion criteria: admitted to the
study ward more than 72 hours before evaluation of eligibility, moved to and
discharged fromotherwards duringthe index stay, inability to understand Norwegian
(patient or nextofkin), considered terminallyill orwithashort life expectancy, planned
discharged on the inclusion day, occupying a bed in a study ward but under the care of
physiciansfromanon-studyward orifaninterventionfromastudypharmacistis
considered necessary for ethical reasons (before randomisation or in control group)”

Interventions

Quote: “Patients randomised to the intervention group receive the IMM-based
interventionincluding: (1) MedRecatadmission, (2) medication reviewand monitoring
during the hospital stay, (3) patient counselling designed to meet the needs of each
individual patient, (4) MedRec at discharge together with an updated and structured
medication list given to patients and submitted to primary care at discharge and (5) a
follow-up phone calltothe patient’s GPand nursesinhome careservice/nursing
hometoinformaboutanddiscuss current medicationtherapyand recommendations.
Step 5isinaddition to the original IMM model. The study pharmacist is performingall
steps in close collaboration with the hospital physician who has the medical
responsibility for the patients.

Patients assignedto standard carereceive treatment fromateam consisting of
physicians, nurses, nurse assistants, and sometimes occupational therapists and
physiotherapists. Standard care may include elements as MedRec, medication review
and patient counselling performed by physicians or nurses during the hospital stay”

Outcomes

Quote: “Primary outcome: The primary outcome is the rate of ‘acute readmissions and
ED visits’ 12 months after discharge.

Secondary outcomes:
Changeinself-reported HRQolL,
Length ofindex hospital stay,

Changeintotal score of the Medication Appropriateness Index (MAI) from admission
to discharge,

Change in potentially inappropriate medications prescribed identified by The
Norwegian General Practice—Nursing Home criteria (NORGEP-NH), Screening Tool
of OlderPersons’Prescriptions (STOPP)V.2 and Screening Toolto Alertdoctorsto
Right treatment (START) V.2 from admission to discharge,

Change in potentially inappropriate medications prescribed using START V.2, STOPP
V.2 and NORGEPNH from discharge to 3 and 12 months”

Starting date

September 2016

Contact information

Jeanette Schultz Johansen
jeajoh@uit.no

Notes

NCT02816086

Intervention phase ongoing

Jdger 2013
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Study name

A tailored implementation intervention to implement recommendations addressing
polypharmacy in multimorbid patients

Methods

Randomised trial (cluster)

Participants

Quote: “Patient participants: The eligibility criteria for patients are age older than 64
years, enrolmentinthe HzV AOK Baden- Wiirttemberg care contract, prescriptions for
more than four different drugs in at least one quarter of the year, diagnosis of at least
three chronicconditions based onapreviously published diagnosis listand high risk of
medication problems (according to the personal assessment of the GP, such as
nonadherence or hospitalisation due to medication-related events)”

Interventions

Quote: “Practice teams (1 general practitioner, 1 health care assistant per practice) will
participate inaworkshop about polypharmacotherapy. The practice teams will create
an individual concept which describes how they are planning to implement the
recommendationsintotheirpractice. Theywill puttheirconceptintopracticeand
perform medication reviews and medication counselling for the included patients.
Checklists, posters and flyers will be offered to them to facilitate implementation.
Patients of the intervention group will complete an educational tool concerning
medication-related topics on a tablet PC

Patients and physicians of the control group will perform care as usual and will not
receive any special training or information material”

Outcomes

Quote: “Primary outcome is the degree of implementation of the three
recommendations, which will be measured using a prespecified set of indicators.
Additionally, the PIM prescription rate (based on the PRISCUS list), patient activation,
patients’ beliefs about medicine, medication adherence and patients’ social support
will be measured”

Starting date

01/11/2013

Contact information

Cornelia Jager

Department of General Practice and Health Services Research, University Hospital
Heidelberg, VoRstrasse 2, Heidelberg 69115, Germany

cornelia.jaeger@med.uni-heidelberg.de

Notes ISRCTN34664024
Process Evaluation:Jager, C., Steinhauser, J., Freund, T., Kuse, S., Szecsenyi, J., &
Wensing, M. (2017). Atailored programmetoimplementrecommendations for
multimorbid patients with polypharmacy in primary care practices—process evaluation
of a cluster randomizedtrial
Intervention phase complete, no results currently published

Kua 2017
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Study name

Nursing home team-care deprescribing study

Methods

Cluster-randomised stepped-wedge intervention

Participants

Nursing home residents at least 65 years old and on five or more medications.

Interventions

Quote:“Theinterventionwill consistofafive-stepmultidisciplinaryteam-based
deprescribing approach using adeprescribing guide adapted from the Beers criteria,
Screening Toolof OlderPeople's Prescriptions (STOPP) criteria, as wellas areview off
medicationinteractions and side effects. The five-step team-care process consists of
reviewing, checking, discussion, communication and documentation as describedin
figure 2,initiated by the pharmacists. Each nursinghomeinthe studyis currently
served byonetotwocommunity-based pharmacists. They have completedorare
currentlyundertakingtheirpostgraduate studies (Masterof Clinical Pharmacy) or
Board Certified GeriatricPharmacisttraining. Allpharmacists (minimumworking
experience ataged care homes of 1 year) will receive a half-day face-to-face training
and familiarisation session on the intervention. Our multidisciplinary teamcare
approach involves nurses, pharmacists and doctors and will be implemented during
routine doctor and pharmacist nursing home review visits. Pharmacists will initiate
deprescribingin medicationreview, afterdiscussionwithward nurses onthe feasibility
ofdeprescribingforeachappropriateindividual patient. Theinterventioninformation
filled-up by the pharmacistwill be passed on through theward nurses to the doctor for
reviewduring doctor'svisit. Thereafter, the doctorwill make the final decisionondrugs
thatwill bedeprescribed. A copyofthe deprescribing reference guide (Beersand
STOPP criteria)will be available toall participating healthcare professionals. The
Beers and STOPP criteria are intended as a guide for educating pharmacists and
doctorsregardingthedifferenttypes ofinterventions thatthey could make. For
successful deprescribed patients with external institution follow-up, a copy of the
deprescribing details will be pass as memorandumtothe external doctor. Additionally,
multidisciplinary discussion session may be introduced as part of the nursing home's
standard practice at some sites, but implementation depends on case-by-case
availabilityandagreementofindividualdoctor, pharmacistand nurseateachsite
during routine care. Non-cognitive impaired residents or next of kins of cognitive-
impairedresidents maybecontactedindecisionmakingoftheinterventionwhere
feasible.

Control: All participants in the controlarm will continue toreceive usual care or support
thatthey usually receive fromtheir healthcare professionals. In participants who were
randomisedto control, thereis a possibility that some participants will require areview
of their medication. These patients will be documented and analysed separately at the
end of study”

Outcomes

The number of STOPP criteria and Beers criteria interventions made
The type and percentage of drug-related problems

Starting date

November 2016

Contact information

Mr. Chong-Han Kua;
chong.kua@monash.edu

Notes

NCT02863341

Intervention phase complete, no results currently published

Loffler 2014
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Study name

Optimizingpolypharmacyamongelderly hospital patientswithchronicdiseases

Methods

Randomised trial (cluster)

Participants

Quote: “Patient participants: patients aged 65+ years who take five or more prescribed
long-termdrugs andwho are likely to spend atleast 5 days in the participating
hospitals will be recruited and included consecutively”

Interventions

Quote: “During in-patient treatment of chronically ill patients affected by polypharmacy,
a pharmacist specially trained in communication skills performs a narrative-based
medication review. Apart from detecting potentiallyinadequate medication, a major
aimis toidentify patient preferences and toinclude them - whenever possible -intoa
list of evidence-based medication recommendations. Patients will be motivated to
narrate the drugs they currently take and describe their experiences and expectations
related to these drugs. Based on this information the pharmacist prepares a list of
possible drugs to be stopped, whichwill then be discussed with the hospital physician
in charge and will be submitted for consent to the patients’ General Practitioner. The
activeinvolvementof patients allows fortransparency of the decision-making process
and will increase the chance for a sustainable medication optimization

Patients of the control group receive care as usual”

Outcomes

Quote: “Theindependenttwo main primary outcomes are (1) health-related quality of
life (EQ-5D) and (2) the difference in the number of prescribed long-term
pharmaceuticalagents betweeninterventionand controlgroup. The secondary
outcomes are appropriateness of prescribed medication (PRISCUS list, Beers Criteria,
MALI), patient satisfaction (TSQM), patient empowerment (PEF-FB-9), patient
autonomy (IADL), falls, re-hospitalization, and death”

Starting date

November 2013

Contact information

Christin Loffler
Institute of General Practice, Rostock University Medical Center, Rostock, German
christin.loeffler@med.uni-rostock.de

Notes

ISRCTN42003273

Intervention phase complete, no results currently published

McCarthy 2017
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Study name

Supporting prescribing in older people with multimorbidity and significant
polypharmacy in primary care (SPPiRE)

Methods

Randomised trial (cluster)

Participants

Quote: “Patients will be considered eligible if they are aged >65 years and they are
being prescribed 15 or more repeat medicines, which is ameasure of both significant
polypharmacy and complex multimorbidity”

Interventions

Quote: “Interventionarm: GPswill receive login detailstoaccess onlineacademic
detailingandwill be asked to arrange a medication review with their recruited patients.
This will be supported by a website which will provide a basic structure for the review
and a patient outcome formwhich will collectinformation about any changes made to
the medicationregimeandreasons for process evaluation. Followup datawill be
collected 6 months after the medication review is completed.

Control arm: Usual care will be delivered for the duration of the study”

Outcomes

Primary outcome measures pertaintothe individual patient level and are the
proportion of patients withanyPIPand the numberof repeat medicines

Secondary outcomes: quality of life, patient’s attitudes to deprescribing and treatment
burden

Starting date

August 2016

Contact information

Professor Susan Smith
susansmith@rcsi.ie

Notes

ISRCTN12752680
Intervention phase ongoing

Mestres 2017
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Study name

Supporting clinical rules engine in the adjustment of medication (SCREAM)

Methods

Multicentre, prospective, randomised study with a cluster group design

Participants

Quote: “Residents living in a nursing home in the Netherlands”

Interventions

Quote: “Intervention group: The datasets will be screened through the CRRona
weeklybasis. Themessages delivered by the CRRwill be sentviamailtothe specific
physicians. Each remark will be senton aseparate mailinastandardised way. In
responsetothereport, the physicianwill send afeedback message within36 h
indicating, in a standardised way, whether: the advice was not followed, the advice
was followed or the advice was changed. After receiving this feedback, the
investigators will process itin the CRR, in order to create the database for the study.
Additionally, regular care will be also applied. That is according to the Dutch
Healthcare Inspectorate, a yearly medication review with a physician and a
pharmacist, eventhoughthereisasubstantial variation [25], For the centres included
inthis study there are no dedicated clinical pharmacistworkingin the nursing home"

Outcomes

MAI

Theproportion of patientswith atleastone of the events, including hospital referrals
(i.e. referral to a specialist, emergency department visit and hospital admission)

The quality of life will be measured using the EQ-5D

Starting date

June 2013

Contact information

Carlota Mestres Gonzalvo
c.mestresgonzalvo@zuyderland.nl

Notes

NTR5165

Intervention phase ongoing

NCT00844025

124 1 211




Interventions to improve the appropriate use of polypharmacy for older people

Study name

Pharmaceutical careand clinical outcomesfortheelderlytaking potentially
inappropriate medication: a randomized-controlled trial

Methods

Randomised trial

Participants

Elderly with chronic disease. 65 to 90 years old, hospitalised

Interventions Quote: “Behavioural:~pharmacistintervention. Participantsintheinterventiongroup
will receive pharmaceutical care delivered by a clinical pharmacist, including
medication review, medication reconciliation, participant education and recommended
actions”

Outcomes Primary outcome measures: number of unsolved drug-related problems

(time—frame:—14 days after randomisation)

Secondary outcome measures: rate of ADE during hospitalisation (time—frame: =14
days after randomisation)

Number of potentially inappropriate medications (time—-frame:—-14 days after
randomisation)

Starting date

February 2009

Contact information

Liu Jen Wei, MS, Principal Investigator,

Shin KongWo Ho-Su Memorial Hospital, Department of Pharmacy, Taipei,111,
Taiwan

Notes

Intervention phase complete, no results currently published

NCT01034761

1257211




Interventions to improve the appropriate use of polypharmacy for older people

Study name

Usingclinical alertsinacomputerized provider orderentry systemto decrease
inappropriate medication prescribingamong hospitalized elders

Methods

Randomised trial

Participants

Patient participants: hospitalised patients over 65 years of age

Interventions

Quote:“Aseriesofclinicalalertswill be developedinthe hospital's computerised
providerorderentrysystemtoreducetheuseof potentiallyinappropriate medications
among hospitalised older patients. Asynchronous alert (i.e. a'pop-up’) will appear
whenever a physician attempts to place an order for a high-risk medication on the
Beers listand the intended recipient is over 65 years of age. The alert will inform the
physicianabouttherisks associated with the medicationandwill propose safer
alternatives”

Outcomes

Primary: percentage of older participants who received a specified high-risk
medication fromthe Beer's list (time frame: earlier hospital stay or end of study)

Secondary: average number of specified high-risk medications prescribed per
participant (time frame: earlier hospital stay or end of study), restraint use (time frame:
earlier hospital stay or end of study), falls (time frame: earlier hospital stay or end of
study), length of stay (time frame: earlier hospital stay or end of study), total cost (time
frame: earlier hospital stay or end of study), discharge status (time frame: 6 months)

Starting date

April 2013

Contact information

Linda Canty, MD, Assistant Clinical Professor of Medicine
Baystate Medical Cente, Springfield, Massachusetts, USA

Notes

Intervention phase complete, no results currently published

NCT01534559
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Study name

Apharmacist-led medicines managementoutpatientserviceforpatientsathighrisk of
medication related problems

Methods

Randomised trial

Participants

Quote: “Patientsaged 18 yearsandolderadmitted to one of the study hospitals as
acute/unscheduled medicaladmissionsand meetingatleast 1 of thefollowing criteria:
prescribed 5 ormoreregularlong-term medications; have 3 or more changesto
medications during hospital stay; past history of medication-related problems; referred
to the medicines management clinic service by hospital doctor or clinical pharmacist
because of concerns about ability to manage medicines in primary care”

Interventions

Quote: “Medicines managementoutpatientservice: Participantsassignedtothe
intervention group will receive a new customised clinical pharmacy service (medicines
management clinic and follow-up phone calls)”

Outcomes

Primary: time to hospital readmission (time frame: 12 months post discharge)

Secondary: number of hospital readmissions (time frame: 12 months post discharge);
number of GP consultations and GP home visits (time frame: 12 months post
discharge); numberofaccidentand emergencyvisits (timeframe: 12 months post
discharge); Medication Appropriateness Index score (time frame: 4, 8 and 12 months
postdischarge), health-related quality of life (EQ-5D) (time frame: every 4 months over
12 months postdischarge); medicationadherenceassessments (time frame: 12
months post discharge), cost utility analysis (time frame: 12 months post discharge)

Starting date

November 2011

Contact information

James McElnay, PhD, Chief Investigator
Queen's University, Belfast, NorthernIreland

Notes

Intervention phase complete, no results currently published

NCT01578525
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Study name Medicationsafetyofelderly patientsinhospitalandambulatory setting consideringthe
transitions of care for home-cared patients and nursing home residents
Methods Randomised trial

Participants

Quote: “Patients aged 65 years and older admitted to one of the projectwards fora
minimum period of 3days”

Interventions Quote: “Intensified pharmaceutical care: Participants in the intervention group will
receive bothtraditional careprovided by physicianand nurseonthewardand
additional pharmaceutical care provided byapharmacistduring hospitalisation”

Outcomes Primary: drug-related hospital readmission

Secondary: adverse drug events, number of potentially inappropriate medications
prescribed (PRISCUS-criteria), time to readmission, number of accepted
recommendationsintheinterventiongroup, timeforintervention,drug-related
problems

Starting date

April 2012

Contact information

Albrecht Eisert

University Hospital Aachen, Hospital Pharmacy, Steinbergweg 20, 52074 Aachen,
Germany

aeisert@ukaachen.de

Notes

Intervention phase complete, no results currently published

NCT02942927
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Study name

Team Approach to Polypharmacy Evaluation and Reduction (TAPER-RCT)

Methods

Randomised trial

Participants

Quote: “Aged 70 years of age or older, currently taking more than 5 long term
medications”

Interventions

Quote: “The patientwillthenattendanappointmentwithapharmacisttoreview
medications appropriate for discontinuation/dose reduction, after which the patient will
meet with his/her family physician to discuss patient preferences for
discontinuation/dosereduction.Both health care providerswill have access to
TAPERMD, aweb based program linked to evidence and tools to support reduction in
polypharmacy.

Intervention: TAPER - The interventionis medication reduction. Thisarmis comprised
of:

1. Medication reconciliation

2. ldentification of patient priorities for care

3. Identification of medications that are potentially
appropriatefordiscontinuation/dosereduction

4, Linked pharmacist/family physician consultations with
patient to discuss medication with intention to reduce
5. Identification of medications for trial of
discontinuation/dose reduction (shareddecision
making)

6. Pause of medication and clinical monitoring

Control:Standard of Care as waitlist control. Control groupwill be offered intervention
as part of usual clinical care at 6 months”

Outcomes

Beers, STOPP (personal communication)

Quality of life (EQ5D-5L and SF36v2)

Healthcare resource utilisation (hospital admissions)
Changes in medication side effects and symptoms (adverse)
Serious adverse events

Starting date

April 2018

Contact information

Prof. Dee Mangin
mangind@mcmaster.ca

Notes

Recruitment and intervention phases ongoing

NCT02986425
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Study name

OPtimising thERapyto Prevent Avoidable Hospital Admissions inthe Multimorbid
Older People (OPERAM)

Methods

Randomised trial (cluster)

Participants

Quote: “Inclusion Criteria:
People 70 years of age or older

Multimorbidity: 3 or more coexistent chronic conditions defined by 3 distinct
International Classification of Diseases (ICD-10) codes with an estimated duration of 6
months or more or based on a clinical decision

Polypharmacyi.e. five ormoredifferentregulardrugs (defined as authorised
medications with registration numbers) for more than 30 days”

Interventions Quote: “Theintervention will take place during theinitial hospital admission (Index
Hospitalisation) oran equivalentsituation foroutpatients. STRIPisastructured
method to perform pharmacotherapy optimisation. The STRIP-intervention consists of
9 steps.

1. structured history taking of medication

2. recording medication and diagnoses in STRIPA

3. structured drug review based on the STRIPA with the integrated Screening Tool of
Older Person's Prescriptions (STOPP)/ Screening Tool to Alert Doctors to the Right
Treatment (START) criteria

4. communication and discussion of the structured drug review with prescribing
physician with possible adaptation of the recommendation

5. shared decision-making with the patient with possible adaptation of the
recommendation

6. optional revisionbased on newaccumulatingdataduringhospitalisation (e.g. new
diagnoses, adverse drugreactions)

7. generation of general practioner (GP) report

8. delivery of the reportto the patientandto the GP (optional additional direct
communication)

9. follow-up

Participantsinthe control groupwill receive medication review by the prescribing
physicians in accordance with usual care”

Outcomes STOPP/START criteria (Number of drug overuse, Number of drug underuse, Number

of potentially inappropriate medications)

Patients' quality of life (EQ-5D)

Number of patients with hospitalisations

Patients'drug compliance - Morisky Medication Adherence Questionnaire (MMAS-38)
Number of clinically significant drug-drug interactions

Number of patients with a serious adverse event

Starting date

December 2016

Contact information

Prof. Nicolas Rodondi
nicolas.rodondi@insel.ch

Notes

Intervention phase ongoing

NCT03156348
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Study name

Impact of clinical pharmacist on adverse drug events in older adults

Methods

Randomised trial

Participants

60 Years and older

Patients who are on pharmacological therapy

Interventions

Quote: “Theintervention group will receive inaddition to the usual care, it will receive
the Clinical Pharmacist Care during hospitalization, discharge and during 2 months
post-discharge, throughahomevisitat 30 + 5 days post-discharge and atelephone
call at 60 + 5 days.

During hospitalization and at discharge a clinical pharmacist (CP) will monitor daily
pharmacological safety and efficacy of the medication to asses and make appropriate
recommendations. CPwill explain the use reasons of each of the drugs.

At 30days post-discharge, the CPwill review the updated clinical record of patientand
conduct a home visit to enhance and ask about adherence, self-medication,
medicationuseatthattimeandpossibleresultsoflaboratorytests performedand
clarifydoubtsregardingtheuse of currentmedications. The sameactivities will be
made at 60 days by telephonic way, to reinforce the recommendations”

Outcomes

Incidence of potentially inappropriate medication (Beers criteriaand STOPP/START
criteria)

Incidence of adverse drug events
Adherence measured with Morisky & Green
Presence of clinically relevant drug interactions

Starting date

May 2015

Contact information

Dr. Jorge Hasbun
comiteetica@hcuch.cl

Notes

Intervention phase ongoing

NCT03298386
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Study name

Elderly Appropriate Treatment in Primary Care (EAT) (TAPAGE)

Methods Randomised trial

Participants Quote: “Patient 75 years of age or older, with polypharmacy (= 5 medications), not
institutionalized”

Interventions Quote: "Intervention Group "STOPP/START": Training of General Practitioners with
the tool STOPP/START Systematic medication review by GPwith STOPP/START
Control group: Patient's usual care by the general practitioner (whowill not be trained
in the STOPP/START tool)"

Outcomes STOPP/START used in the intervention

Percentage of unplanned hospitalisation
Decrease in the number of drugs on the prescription

Starting date

August 2017

Contact information

Dr. Akim Souag
akim.souag@aphp.fr

Notes

Intervention phase ongoing

NTR5750
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Study name

PROPOSE : PReoperative Optimization of Pharmacotherapy in frail Older patients
with use of STRIPassistant

Methods

Randomised trial

Participants

Quote: “Age above 70 years with polypharmacy (5 of more different drugs) and
planned for elective otorhinolaryngological, oral, maxillofacial, cardial, gynecological or
colorectal surgery”

Interventions

Quote: “Theintervention consists of awritten pharmacotherapeuticadvice, whichwill
begenerated byapplicationoftheSTRIPassistant. The STRIPAssistantisanonline
software system (i.e. electronic version of the STRIP) developed to aid general
practitioners and pharmacists to conduct a quick pharmacotherapeutic analysis.

Input for the STRIP assistant are the patient’s medication, medical history, vital signs
and relevant laboratory results. The application of the STRIP assistant will be
performed by anindependent, clinically experienced resident, who is notinvolved in
patient care at that moment. The written advice will be provided in afixed format to the
residentwho performsthe preoperativegeriatricscreeningandwillbeusedinthe
generation of the preoperative advice for the surgeon, including advice concerning
medication”

Outcomes

The efficacy of the use of the STRIP assistant as a tool for polypharmacy optimisation
in addition to usual care in frail elderly patients in the clinical setting. The efficacy will
be defined as the number of Potentially Inappropriate Medications (PIMs) and
Potentially Prescribing Omissions (PPOs) identified per patient, compared to the ‘usual
care’

The number of missed, inadequate and potential deleterious advices will also be
reported.Also,well-known ADRs, interactionsand doseadjustmentswillbe noted

Starting date

October 2014

Contact information

Drs. Marijke Boersma
M.N.Boersma-2@umcutrecht.nl

Notes

Intervention phase ongoing

Prados-Torres 2017
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Study name

Improving prescription in primary care patients with multimorbidity and polypharmacy
(Multi-PAP)

Methods

Randomised clinical trial (cluster)

Participants

Age 65to 74 years, multimorbidity, defined as >3 chronicdiseases, polypharmacy,
defined as >5 drugs prescribed over at least the 3 months priortoinclusionin the
study

Interventions

Quote: “Intervention group: A complex intervention with two phases isconducted:

Firstphase: FPtraining. This will consist of a previously designed training activity,
delivered using the massive online open courses (MOOC) format, including basic
conceptsrelating to multimorbidity, appropriateness of prescribing, treatment

adherence, the Ariadne principles, and physician-patient shared decision making.

Second phase: Physician-patient interview based on the Ariadne principles.

Control group: Patients in the control group will receive usual clinical care based on
the provision of advice and information and will undergo examinations as
recommended in the CPGs corresponding to each of the patient’s chronic diseases”

Outcomes

Medication appropriateness index (MAI)

Useof health services: unplanned and/oravoidable hospitalisations, use of emergency
services and PC (FP andnurse).

Quality of life: measured using the EuroQol 5D-5L questionnaire [38, 39].

Medication safety: measured as the incidence of adverse drug reactions and
potentially hazardous interactions

Treatmentadherence: measured using the Morisky-Greentestand the Haynes-
Sackett questionnaire

Starting date

November 2016

Contact information

Alexandra Prados-Torres
sprados.iacs@aragon.es

Notes

NCT02866799

Intervention phase ongoing

Romskaug 2017
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Study name

Cooperation betweengeriatriciansand general practitioners forimproved
pharmacotherapy in home-dwelling elderly people receiving polypharmacy - the
COOP Study

Methods

Cluster-randomised, single-blind, controlled trial

Participants

Quote: “The patients must be 70 years or older, use at least seven different
medications and have their medications administered by the home nursing service”

Interventions

Quote: “Theintervention consists of three main parts: (1) clinical geriatricassessment
of the patient, combined with a thorough review of their medications; (2) a meeting
between the geriatricianand general practitioner, where the two physicians combine
their competence and knowledge and discuss the drug list systematically; (3) clinical
follow-up, depending on the medication changes that have been done”

Outcomes

Quote: “The primary outcome measureis health-related quality of lifeaccordingtothe
15D instrument. Secondary outcome measures include physical and cognitive
functioning, medication appropriateness (MAI), falls, carer burden, use of health
services (hospital or nursing home admissions, use of home nursing services) and
mortality”

Starting date

March 2015

Contact information

Rita Romskaug

Department of Geriatric medicine, Institute of Clinical Medicine, University of Oslo,
Oslo, Norway

ritulf@gmail.com

Notes

NCT02379455

Intervention phase ongoing

Selic 2016
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Study name

Use of web-based application to improve prescribing in home-living elderly

Methods

Randomised trial

Participants

Patient participants: chronically-illelderly people,olderthan 65 yearswholiveathome
and regularly receive at least one drug.

Interventions

Quote: “Participants' datawill be entered into aweb-based application and screened
for potentially inappropriate prescribing using STOPP and START criteria. Identified
potentially inappropriate prescriptions will be presented to participants' physicians for
consideration and change. Physicians of participants in the control group will not be
informed about potentially inappropriate prescriptions”

Outcomes

Quote: “Quality of life index (EQ-5D); quality of prescribing-the presence of
inappropriate prescribing according to the START/STOPP criteria (at least one
criterion from both lists was violated) or the presence of polypharmacy (more than 5
concomitant medications); the number of active ingredients regularly taken by the
patient; adherence according to the Morisky 4-item questionnaire; non-planned
hospitalizations and non-planned/urgent visits to a clinical specialist; number of visits
tothe emergency room or the emergency physician’s home visits in the previous year;
number of visits to the GP in the year concerned; number of inappropriate
prescriptionsaccordingtotheSTART/STOPPcriteria;and numberofinteractions
between the prescribed medications marked 'major”

Starting date

2014

Contact information

Polona Selic

Department of Family Medicine, Faculty of Medicine, University of Ljubljana, Poljanski
nasip 58, Ljubljana, Slovenia.

polona.selic@siol.net

Notes Protocol: Selicet al. (2016). The Effects of a Web Application and Medical Monitoring
onthe Quality of Medication, Adverse Drug Events and Adherenceinthe Elderly
LivingatHome: aProtocol of the Study. MateriaSocio-Medica, 28(6),432-436
Intervention phase complete, no results currently published

Footnotes

ADEs: adverse drug events
ADR: adverse drug reactions
CRR: Clinical Rule Reporter
CQC: Care Quality Commission

IADL: Instrumental Activities of Daily Living

MAI:Medication AppropriatenessIndex

MMAS-4: Morisky Medication Adherence Scale

PIMs: Potentially inappropriate medications

PIP: potentially inappropriate prescribing

PPOs: potential prescribing omissions

START: Screening Tool to Alert doctors to the Right Treatment
STOPP: Screening Tool of Older Person’s Prescriptions

TRIM: Tool to Reduce Inappropriate Medication

TSQM: Treatment Satisfaction Questionnaire for Medication

Summary of findings tables

1 Pharmaceutical care compared with usual care for older people receiving polypharmacy

Patient or population: older people receiving polypharmacy
Settings: community, nursing home, hospital
Intervention: pharmaceutical care

Comparison: usual care
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Outcomes R.elative NO..O.f certainty Comments
Effect estimate Risk |participants|of
effect |(studies) |evidence
Usual care Pharmaceutical care|(95% Cl)
(GRADE)
o Medication Medication 517
Medlca.tlon appropriateness (as |appropriateness (as (5 studies){@ooo |MAlusedasimplicittool
appropriateness (as |measured by an measured by an very low |inthe pooled studies
irpne;?;:etcci)cl?ly)/ an |mr|c:!(|rcr? torol) across :rr;r:prlilo;c]ttio?) |rn the ab.cd A sensitivity analysis
. basel ‘r:;ngec::l ?roonl’J]pS waes ention groups showed that medication
rom baseline to appropriateness (as
follow-up -0.49 to 2.86 467_;53'0“;;0' measured byanimplicit
Follow-up: 0 to 6 (0.33t09.20lower) tool)intheintervention
months groupwas 0.50 lower
(2.27 lower to 1.28
higher)®
Heterogeneity: 12 = 57%,
P=0.10
Potentially inappropriate medications
The number of  [The number of  [The number of 1832 ®o00
potentially PIMs (Standardised |PIMs (7 studies) ‘éiry low®|STOPP and Beers criteria
magpr(:.prlat%IM mean$) across (Standardised ' used as explicittoolsin
medications (PIMs) control groups mean$) in the the pooledstudies
ranged from intervention groups
Follow-up: 0t0 12 |9 04 t01.29 was 0.22 lower
months (0.05t00.38lower)
. 421 per 1000 RR 0.79 (3079 ®000
The proportion of 333 per 1000 (0.61 to (11 studi \éery low®|STOPP and Beers criteria
patientswithoneor (257 to 430) 1.02) studiesjb.c used as explicittoolsin
more potqntlally the pooledstudies
Inappropriate
medications (PIMs) A sensitivity analysis
_ showed that the
Follow-up: 0 to 12 proportion of patients with
months one or more potentially
inappropriate medications
intheinterventiongroup
was lower (333 per 1000)f
Heterogeneity: 12 = 75%,
P=0.24
Potential prescribing omissions
Thte “t{"rber Ofb. The number of 569 IGBGB?G START and ACOVE used
jpotential prescribing | The number of PPOs . ow as explicit tools in the
omissions (PPOs) |ppo (Standardised (2 studies) pooled studies
(Standardised mean$) in the
FOIIOW_Up: Oto12 mean§) across intervention groups
monthS control groups was 0.81 |Ower
ranged from (0.641t00.98lower)
0.63 t0 0.85
) 387 per 1000 RR 0.4011310 ©000
The proportion of 155 per 1000 (0.18 to (5 studies) very low*{START and ACOVE used
patientswithoneor 0.85) studies)je as explicit tools in the

more potential
prescribing
omissions (PPOs)

Follow-up: 0 to 24
months

(70 to 329)

pooled studies
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Hosoital admissi Pharmaceutical care may make little or no difference|4052 o900
ospital admissions|; i issi

p in hospital admissions (12 studies)|low?
Follow-up: 0 to 12
months
Quality of Lif Pharmaceutical care may make little or no difference|3211 IGBEB?G

uality of Life ' ' i ow

y in quality oflife (12 studies

Follow-up: 0 to 12
months

GRADE Working Group grades of evidence
High: This research provides averygood indication of the likely effect. The likelihood that the effect will be substantially

different? is low.
Moderate: This research provides agood indication of the likely effect. The likelihood that the effect will be substantially

different? is moderate.
Low: Thisresearch provides someindication of the likely effect. However, the likelihood thatitwill be substantially different*

is high.
Verylow: This research does not provide areliable indication of the likely effect. The likelihood that the effect will be

substantially different? is very high.
#Substantially different = a large enough difference that it might affect a decision

Footnotes

ACOVE: Assessing Care of the Vulnerable Elderly, Cl: confidence interval, MAI: Medication Appropriateness Index, PIMs:
Potentially Inappropriate Medications, PPOs: Potential prescribing omissions, RR: risk ratio, STOPP: Screening Tool of Older
People’s potentially inappropriate Prescriptions, START: Screening Tool to Alert to Right Treatment

§ Standardised mean was used in cases where a range of tools were used to generate the pooled effect estimate.
aWe downgraded the evidence due to risk of bias.

b We downgraded the evidence due to indirectness of the evidence.

¢ We downgraded the evidence due to inconsistency in the results that could not be fully explained.

d We downgraded the evidence due to imprecision. Cls were wide and/or crossed the line of no effect.

€Two studies were excluded from the analysis because of a unit of analysis error (Crotty 2004a) and an outlying
effect estimate with a high risk of bias (Spinewine 2007).

fTwo studies were excluded from the analysis because of a large effect size and high risk of bias (Spinewine 2007)
and a small effect size (Gallagher 2011).

Additional tables

1 Medication Appropriateness Index
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To assess the appropriateness of the drug, please answer the following questions and circle the applicable score.
1. Isthere an indication for the drug? 1 2|3 19
Comments: Indicated -1NotIndicated DK
2. Isthe medication effective forthe condition? 1 213 49
Comments: Effective —Ineffective DK
3. Is the dosagecorrect? 1 23 -9
Comments: Correct —Incorrect DK
4. Arethedirections correct? 1 213 -9
Comments: Correct —Incorrect DK
5. Arethedirections practical? 1 213 -9
Comments: Practical —Impractical DK
6. Are there clinically significant drug-drug interactions? 1 2|3 -9
Comments: Insignificant  [{Significant DK
7. Are there clinically significant drug-disease/condition interactions? 1 2|3 -19
Comments: Insignificant  |HSignificant DK
8. Isthere unnecessaryduplication with otherdrug(s)? 1 23 -9
Comments: Necessary —Unnecessary | |DK
9. Is the duration of therapy acceptable? 1 2|3 -9
Comments: Acceptable —Unacceptable | |DK
10. Isthis drug the least expensive alternative compared with others of equal utility?|1 2|3 19
Comments: Least expensive |- Most expensive DK
Footnotes
DK: Don'tknow
2 Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: independent of
diagnosis or condition
Severity
Drug Concern ra.tmg
(high or
low)
Propoxyphene (Darvon) and combination products |Offers few analgesic advantages over paracetamol Low
(Darvon with ASA, Darvon-N and Darvocet-N) Eei’(f::ﬁ?ci)r}%ﬁzzrr])azﬁzést?cS;?aigaEEd with the adverse
Indomethacin (Indocin and Indocin SR) Of all available NSAIDs, this drug produces the most  |High
CNS adverse effects
Pentazocine (Talwin) Narcotic analgesic that causes more CNS adverse |High
effects, including confusion and hallucinations, more
commonly than other narcotic drugs. Additionally, it is
a mixed agonist and antagonist
Trimethobenzamide (Tigan) One of the least effective antiemetic drugs, yetitcan |High
cause extrapyramidal adverse effects
Muscle relaxants and antispasmodics: methocarbamol |Mostmusclerelaxantsandantispasmodicdrugsare [High

metaxalone (Skelaxin), cyclobenzaprine (Flexeril)and
oxybutynin(Ditropan).Donotconsidertheextended-
release formulation of Ditropan XL

(Robaxin), carisoprodol (Soma), chlorzoxazone (Paraflex),

poorlytolerated by elderly patients because they cause
anticholinergic adverse effects, sedation and
weakness. Additionally, their effectiveness at doses
tolerated by elderly patients is questionable
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Flurazepam (Dalmane) Thisbenzodiazepine hypnotichasanextremelylong |High
half-life in elderly patients (often days), producing
prolonged sedation and increasing theincidence of
falls and fracture. Medium- or short-acting
benzodiazepines are preferable

Amitriptyline (Elavil), chlordiazepoxide-amitriptyline Becauseofits stronganticholinergicandsedation |High

(Limbitrol) and perphenazine-amitriptyline (Triavil) properties, amitriptyline is rarely the antidepressant of
choice for elderly patients

Doxepin (Sinequan) Because of its strong anticholinergicand sedating High
properties, doxepin is rarely the antidepressant of
choice for elderlypatients

Meprobamate (Miltown and Equanil) This is a highly addictive and sedating anxiolytic. |High
Those using
meprobamate for prolonged periods may become
addictedand mayneedto bewithdrawn slowly

Doses of short-acting benzodiazepines: doses greater |Because ofincreased sensitivityto benzodiazepinesin|High

than lorazepam (Ativan) 3 mg; oxazepam (Serax) 60 mg; |elderlypatients,smallerdoses maybeeffectiveand

iprazolam (Xanax) 2 mg; temazepam (Restoril) 15 mg and |safer. Total daily doses should rarely exceed the
triazolam (Halcion) 0.25mg suggested maximum

Long-acting benzodiazepines: chlordiazepoxide (Librium), |Thesedrugs havealonghalf-lifeinelderly patients [High

chlordiazepoxide-amitriptyline (Limbitrol), clidinium- |(oftenseveraldays), producing prolongedsedation

chlordiazepoxide —(Librax), diazepam (Valium), quazepam |andincreasingtherisk of fallsandfractures.Short-

(Doral), halazepam (Paxipam) and chlorazepate and intermediate-acting benzodiazepines are preferred

(Tranxene) if a benzodiazepine is required

Disopyramide (Norpace and Norpace CR) Ofallantiarrhythmicdrugs, this is the most potent High

. negative inotrope and therefore mayinduce heart
failure in elderly patients. It also has strong

- anticholinergic effects. Other —antiarrhythmic drugs
should be used aswell

Digoxin (Lanoxin) (should not exceed 0.125 mg/d except |Decreased renal clearance may lead to increased risk |Low

when treating atrial arrhythmias) of toxic effects

Short-actingdipyridamole (Persantine). Donot consider |May cause orthostatic hypotension Low

the long-acting dipyridamole (which has better properties

thantheshort-actingformulationinolderadults)except

with patients withartificial

heart valves

Methyldopa (Aldomet) and methyldopa- May cause bradycardia and exacerbate depressionin |High

hydrochlorothiazide (Aldoril) elderly patients

Reserpine at doses > 0.25 mg Mayinducedepression,impotence, sedationand Low
orthostatic hypotension

Chlorpropamide (Diabinese) Ithasaprolonged half-lifeinelderly patients and could |High

. causeprolonged hypoglycaemia. Additionally, itis the
onlyoral hypoglycaemicagentthat causes SIADH

Gl antispasmodic drugs: dicyclomine (Bentyl), Gl antispasmodic drugs have potent anticholinergic |High

hyoscyamine (Levsinand Levsinex), propantheline (Pro- |effects and have uncertain effectiveness. These drugs

Banthine), belladonna alkaloids (Donnatal and others) should be avoided (especiallyforlong-term use)

and clidinium-chlordiazepoxide (Librax) -

Anticholinergics and antihistamines: chlorpheniramine All non-prescription and many prescription High

(Chlor-Trimeton), diphenhydramine (Benadryl),
hydroxyzine

(Vistaril and Atarax), cyproheptadine —(Periactin),
promethazine (Phenergan), tripelennamine,
dexchlorpheniramine (Polaramine)

antihistamines may have potent anticholinergic
properties. Non-anticholinergic antihistamines are
preferred in elderly patients for the treatment of allergic
reactions

-
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Diphenhydramine (Benadryl) May cause confusion and sedation. Should not be |High

. used as a hypnotic, and when used to treat emergency
allergicreactions, itshould beusedinthe smallest
possible dose

Ergot mesyloids (Hydergine) and cyclandelate Have not been shown to be effective in the doses Low

(Cyclospasmol) studied

Ferrous sulphate —-> 325 mg/d Doses>325mg/ddonotdramaticallyincreasethe |Low

_ amountabsorbed butgreatlyincrease the incidence of
constipation

All barbiturates (except phenobarbital) except when used |Arehighlyaddictive and cause more adverseeffects |High

to control seizures than mostsedative orhypnoticdrugsinelderly patients

Meperidine (Demerol) Not an effective oral analgesicin doses commonly High

. used. May cause confusion and has many
disadvantages compared with other narcotic drugs

Ticlopidine (Ticlid) Has been shown to be no better than aspirin in  |High
preventingclottingand maybe considerably more toxic
Safer, more effective alternatives exist

Ketorolac (Toradol) Immediateandlong-termuseshouldbeavoidedin High

. older people, as a significant number have
asymptomatic Gl pathological conditions

Amphetamines and anorexic agents Thesedrugs have potential for causing dependence, |High

. hypertension,anginaand myocardialinfarction

Long-term use of full-dosage, longer half-life, Have the potential to produce Gl bleeding, renal High

non-COX-selective NSAIDs: naproxen (Naprosyn, | failure, hypertensionand heart failure

AvaproxandAleve), oxaprozin (Daypro)and piroxicam -

(Feldene)

Daily fluoxetine (Prozac) Longhalf-lifeofdrugandriskof producingexcessive |High

. CNS stimulation, sleep disturbances and increasing
agitation. Safer alternatives are available

Long-term use of stimulant laxatives: bisacodyl(Dulcolax), |[May exacerbate bowel dysfunction High

cascarasagradaandNeoloid exceptinthe presence of

opiate analgesic use

Amiodarone (Cordarone) Associated with QT interval problems and risk of |High

. provokingtorsades de pointes. Lack of efficacyinolder
adults

Orphenadrine (Norflex) Causes greater sedation and anticholinergicadverse |High

. effects than saferalternatives

Guanethidine (Ismelin) May cause orthostatic hypotension. Saferalternatives |High
are available

Guanadrel (Hylorel) May cause orthostatic hypotension High

Cyclandelate (Cyclospasmol) Lack of efficacy Low

Isoxsurpine (Vasodilan) Lack of efficacy Low

Nitrofurantoin (Macrodantin) Potentialforrenalimpairment.Saferalternativesare |High
available

Doxazosin (Cardura) Potential for hypotension, dry mouth and urinary Low
problems

Methyltestosterone (Android, Virilon and Testrad) Potential for prostatichyperplasiaand cardiac High
problems

Thioridazine (Mellaril) Greater potential for CNS and extrapyramidal adverse |High
effects

Mesoridazine (Serentil) CNS and extrapyramidal adverse effects High
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Short-acting nifedipine (Procardia and Adalat) Potential for hypotension and constipation High

Clonidine (Catapres) Potential for orthostatic hypotensionand CNS adverse |Low
effects

Mineral oil Potential for aspiration and adverse effects. Safer High
alternatives are available

Cimetidine (Tagamet) CNS adverse effects including confusion Low
Potential for hypertensionandfluidimbalances.Safer |Low

Ethacrynic acid (Edecrin) alternatives are available

Desiccated thyroid Concerns about cardiac effects. Safer alternatives are |High
available

Amphetamines (excluding methylphenidate hydrochloride |CNS stimulant adverse effects High

and anorexic agents)

Oestrogens only (oral) Evidence of the carcinogenic (breastand endometrial |Low

- cancer) potential of these agents and lack of
cardioprotective effects in older women

Footnotes

Source: Fick 2003.

CNS: central nervous system; COX: cyclo-oxygenase; CR: controlled release; Gl: gastrointestinal; NSAID: non-steroidal anti-
inflammatory drug; SIADH: syndrome of inappropriate antidiuretichormone hypersecretion; SR: slow release.

3 Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: considering
diagnoses or conditions

Severity
ratin
Disease or condition|Drug Concern . 9
(high or
low)
Heart failure Negative inotropic effect. |High
Disopyramide (Norpace) and high-sodium-content drugs Potential to promote fluid
-’ (sodium and sodium salts (alginate bicarbonate, retention and exacerbation of
biphosphate, citrate, phosphate, salicylate, and sulphate))  |heart failure
Hypertension May produce elevation of |High
Phenylpropanolamine hydrochloride (removed from the blood pressure secondaryto
-’ market in 2001), pseudoephedrine; diet pills and sympathomimetic activity
amphetamines
Gastric or duodenal [NSAIDs and aspirin (> 325 mg) (COXIBs excluded) May exacerbate existing High
ulcers ulcers or produce
new/additional ulcers
Seizures or epilepsy|Clozapine (Clozaril), chlorpromazine (Thorazine), May lower seizure thresholds |[High
_ thioridazine (Mellaril) and thiothixene (Navane)
Blood clotting Aspirin, NSAIDs, dipyridamole (Persantin), ticlopidine (Ticlid) |[May prolong clotting timeand |High
disorders and clopidogrel (Plavix) elevateINRvalues orinhibit
or receiving . platelet —~aggregation,
. resulting in increased
anticoagulant therapy potential for bleeding
Bladder outflow Anticholinergics and antihistamines, gastrointestinal May decrease urinary flow, [High
. antispasmodics, muscle relaxants, oxybutynin (Ditropan), leading to urinary
obstruction ) | ; . 4
flavoxate (Urispas), anticholinergics, antidepressants, retention
- decongestants and tolterodine —(Detrol)
Stress incontinence |x-Blockers (doxazosin, prazosin and terazosin), May produce polyuria and |High
. anticholinergics, tricyclic antidepressants (imipramine worsening of incontinence
hydrochloride, doxepin hydrochloride and amitriptyline
hydrochloride) and long-acting benzodiazepines
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Arrhythmias Tricyclic antidepressants (imipramine hydrochloride, doxepin|Concern due to proarrhythmic|High
. hydrochloride and amitriptyline hydrochloride) effects and ability to produce
QT interval changes
Insomnia Decongestants, theophylline (Theodur), methylphenidate Concerndueto CNS High
. (Ritalin), MAOIs and amphetamines stimulant effects
Parkinson's disease Concernduetotheir High
B Metoclopramide (Reglan), conventional antipsychotics and  |antidopaminergic/
tacrine (Cognex) cholinergic effects
Cognitive impairment ConcernduetoCNS-altering |High
Barbiturates, anticholinergics, antispasmodics and muscle |effects
o relaxants. CNS stimulants: dextroamphetamine (Adderall),
methylphenidate (Ritalin), methamphetamine (Desoxyn) and
pemolin
Depression Long-term benzodiazepine use. Sympatholytic agents: |May produce or exacerbate |High
. methyldopa (Aldomet), reserpine and guanethidine (Ismelin) |depression
Anorexia and Concern due to appetite- High
malnutrition CNS stimulants: dextroamphetamine (Adderall), suppressing effects
ajnutritio methylphenidate (Ritalin), methamphetamine (Desoxyn),
- pemolin and fluoxetine (Prozac)
Syncope or falls Short- to intermediate-acting benzodiazepine and tricyclic |Mayproduceataxia,impaired |High
. antidepressants (imipramine hydrochloride, psychomotor
doxepin hydrochloride and amitriptyline hydrochloride)— |function, syncope and
additional falls
SIADH/hyponatraemia |SSRIs: fluoxetine (Prozac), citalopram (Celexa), fluvoxamine|May exacerbate or cause Low
. (Luvox), paroxetine (Paxil) and sertraline (Zoloft) SIADH
Seizure disorder Bupropion (Wellbutrin) Maylowerseizurethreshold |High
Obesity Olanzapine (Zyprexa) Maystimulateappetiteand |Low
increase weightgain
COPD Long-acting benzodiazepines: chlordiazepoxide (Librium), |CNS adverse effects. May |High
. chlordiazepoxide-amitriptyline (Limbitrol), clidinium- induce respiratory depression.
chlordiazepoxide (Librax), diazepam (Valium), quazepam |May exacerbate or cause
(Doral), halézepam(Paxmam)and chlorazepate (Tranxene). respiratory depression
B-Blockers: propranolol
Chronic constipation |Calcium channel blockers, anticholinergics and tricyclic May exacerbate constipation|{Low
. antidepressant (imipramine hydrochloride, doxepin
hydrochloride and amitriptyline hydrochloride)

Footnotes
Source: Fick 2003.

COPD: chronicobstructive pulmonary disease; COXIB: cyclo-oxygenase inhibitor; INR: international normalized ratio; MAOI:
monoamine oxidase inhibitor; NSAID: non-steroidal anti-inflammatory drug; SIADH: syndrome of inappropriate antidiuretic
hormone secretion; SSRIs: selective serotonin reuptake inhibitors.

4 Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults: independent of
diagnosis or condition

Organ System or
Therapeutic Category or
Drug

Quality of
Evidence

Strength of

Recommendation .
Recommendation

Rationale

Anticholinergics (excludes TCAs)
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Doxazosin

Prazosin

recommended as routine treatment for
hypertension; alternative agents have
superior risk/benefitprofile

antihypertensive

Terazosin

First-generation Highly anticholinergic; clearance Avoid Hydroxyzine [Strong
antihistamines (as singlefreduced with advanced age, and and
agentor as part of tolerance develops when used as promethazine:
combination products) [hypnotic; greater risk of confusion, dry high;
. . mouth, constipation and other
C . - all others:
Brom'phenlra.tmme anticholinergic effects and toxicity derat
Carbinoxamine _ o _ moderate
) . Use of diphenhydramine in special
Chlorpheniramine situations such as short-term treatment
Clemastine of severe allergic reaction may be
. appropriate
Cyproheptadine pprop
Dexbrompheniramine
Dexchlorpheniramine
Diphenhydramine (oral)f
Doxylamine
Hydroxyzine
Promethazine
Triprolidine
Antiparkinson agents  |Notrecommended for preventionof  |Avoid Moderate Strong
Benztropine (oral) extrapyramidal symptoms with
P antipsychotics; more effective agents

Trihexyphenidyl availablefortreatmentofParkinson's

disease
Antispasmodics Highly anticholinergic, uncertain Avoidexceptinshort- [Moderate Strong
Belladonna alkaloids effectiveness term palliative care to

decrease oral secretions

Clidinium-
chlordiazepoxide
Dicyclomine
Hyoscyamine
Propantheline
Scopolamine
Antithrombotics
Dipyridamole, oral short-|Maycause orthostatichypotension; |Avoid Moderate Strong
acting* (does notapply |more effective alternatives available;
to extended-release |intravenousformacceptableforusein
combination withaspirin)cardiac stress testing
Ticlopidine* Safer effective alternatives available |Avoid Moderate Strong
Anti-infective
Nitrofurantoin Potential for pulmonary toxicity; safer|Avoid for long-term |Moderate Strong

alternatives available; lack of efficacyin|{suppression; avoid in

patients with CrCl < 60 mL/min dueto |patientswithCrCl <60

inadequate drug concentration in the |[mL/min

urine
Cardiovascular
Alpha;-blockers High risk of orthostatic hypotension; not|Avoid use as an Moderate Strong
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Alpha-agonists, central|Highriskofadverse CNSeffects;may |Avoid clonidine asa |Low Strong
- cause bradycardia and orthostatic |first-line
Clonidine LT . .
hypotension; not recommended as |antihypertensive
nabenz* i i . .
Guanabenz routinetreatmentforhypertension Avoid others as listed
Guanfacine*
Methyldopa*
Reserpine(> 0.1 mg/d)*
Antiarrhythmic drugs Datasuggest thatrate controlyields  |Avoid antiarrhythmic High Strong
(Class la, Ic, IlI) betterbalance of benefitsandharms  |drugs as first-line
Amiodarone than rhythm control for most older treatment of atrial
adults fibrillation
Dofetilide Amiodarone is associated with multiple
Dronedarone toxicities, including thyroid disease,
Flecainide pulmonary disorders and QT interval
- I i
Ibutilide prolongation
Procainamide
Propafenone
Quinidine
Sotalol
Disopyramide* Disopyramide is a potent negative Avoid Low Strong
inotrope and therefore may induce
heart failure in older adults; strongly
anticholinergic; other antiarrhythmic
drugs preferred
Dronedarone Worse outcomes have been reported in|Avoid in patients with  |Moderate Strong
patients taking dronedarone who have |permanent atrial
permanentatrialfibrillationorheart |[fibrillation or heart
failure. In general, rate control is  |[failure
preferred over rhythm control for atrial
fibrillation
Digoxin > 0.125 mg/d |In heart failure, higher dosages are |Avoid Moderate Strong
associatedwithnoadditional benefit
and mayincreaserisk oftoxicity; slow
renal clearance may lead to risk of toxic
effects
Nifedipine, immediate |Potential for hypotension; risk of Avoid High Strong
release* precipitating myocardial ischaemia
Spironolactone > 25 In heart failure, the risk of Avoid in patientswith |Moderate Strong

mg/d

hyperkalaemiaishigherinolderadults,
especiallyiftaking > 25mg/dortaking
concomitant NSAID, angiotensin-
converting enzyme inhibitor,
angiotensin receptor blocker or
potassium supplement

heart failure orwith a
CrCl <30 mL/min

Central nervous system
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Short-andintermediate-
acting:

Alprazolam
Estazolam
Lorazepam
Oxazepam
Temazepam
Triazolam
Long-acting:
Clorazepate
Chlordiazepoxide

Chlordiazepoxide-
amitriptyline

Clidinium-
chlordiazepoxide
Clonazepam
Diazepam
Flurazepam
Quazepam

to benzodiazepines and slower
metabolism of long-acting agents. In
general,all benzodiazepinesincrease
risk of cognitive impairment, delirium,
falls, fractures and motor vehicle
accidents in older adults

May be appropriate for seizure
disorders, rapid eye movement sleep
disorders, benzodiazepine withdrawal,
ethanol withdrawal, severe generalized
anxiety disorder, periprocedural
anaesthesia and end-of-life care

(any type) for treatment
of insomnia, agitation or
delirium

Tertiary TCAs, alone or [Highly anticholinergic, sedating and |Avoid High Strong
in combination: causing orthostatic hypotension; safety
- . profile of low-dose doxepin (< 6 mg/d)

Amitriptyline is comparable with that of placebo
Chlordiazepoxide-
amitriptyline
Clomipramine
Doxepin > 6 mg/d
Imipramine
Perphenazine-
amitriptyline
Trimipramine
Antipsychotics, first Increased risk of cerebrovascular Avoid use for Moderate Strong
(conventional) and accident (stroke) and mortality in behavioural problems of
second (atypical) persons withdementia dementia unless non-

eneration fs_ee AGS pharmacological options
2012 for full list) have failed and patient

is threatto self or others
Thioridazine HighlyanticholinergicandriskofQT  |Avoid Moderate Strong
Mesoridazine interval prolongation
Barbiturates High rate of physical dependence; Avoid High Strong
Amobarbital* tolerance to sleep benefits; risk of
overdose at low dosages

Butabarbital*
Butalbital
Mephobarbital*
Pentobarbital*
Phenobarbital
Secobarbital*
Benzodiazepines Olderadults haveincreased sensitivity |Avoid benzodiazepines|High Strong
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Chloral hydrate* Tolerance occurs within 10 days,and |Avoid Low Strong
risks outweigh benefits in light of
overdose with doses only 3 times the
recommended dose
Meprobamate High rate of physical dependence; very |Avoid Moderate Strong
sedating
Non-benzodiazepine Benzodiazepine-receptor agonists that |Avoid long-term use (> |[Moderate Strong
hypnotics have adverse events similar to those of |90 days)
£ ) benzodiazepines in older adults (e.g.
szopiclone L e
delirium, falls, fractures); minimal
Zolpidem improvement in sleep latency and
Zaleplon duration
Ergot mesylates* Lack of efficacy Avoid High Strong
Isoxsuprine*
Endocrine
Androgens Potential for cardiac problems and  |Avoid unlessindicated |Moderate Weak
Methvltestosterone* contraindicated in men with prostate  |for moderate to severe
y cancer hypogonadism
Testosterone
Desiccated thyroid Concerns about cardiac effects; safer |Avoid Low Strong
alternatives available
Oestrogens with or Evidence of carcinogenic potential Avoidoralandtopical |Oral and Oral and patch:
without progestins (breast and endometrium); lack of patch patch: high strong
ca:’rdtloptr_otre]c_tr:ve Iilffe;ct ar:;j crcl)gnltlve Topical vaginal cream: |Topical: Topical: weak
protection in older wome acceptabletouselow- |moderate
Evidence that vaginal oestrogens for |dose intravaginal
treatment of vaginal dryness are safe  |oestrogen for the
and effectiveinwomenwith breast management of
cancer, especially at dosages of dyspareunia, lower
estradiol < 25 ug twice weekly urinary tract infection
and other vaginal
symptoms
Growth hormone Effect on body compositionis small and|Avoid, except as High Strong
is associated with oedema, arthralgia,|hormone replacement
carpal tunnel syndrome, after pituitary gland
gynaecomastia, impaired fasting removal
glucose
Insulin, sliding scale |Higher risk of hypoglycaemia without |Avoid Moderate Strong
improvement in hyperglycaemia
managementregardless of care setting
Megestrol Minimal effect on weight; increases riskAvoid Moderate Strong
ofthromboticevents and possibly death
in older adults
Sulphonylureas, long Chlorpropamide: prolonged half-life in |Avoid High Strong
duration older adults; can cause prolonged
Chlorpropamide _hypoglyca_emla; causes s_yndrome of
inappropriate antidiuretic hormone
Glyburide secretion.
Glyburide: greater risk of severe
prolonged hypoglycaemia in older
adults
Gastrointestinal
Metoclopramide Can cause extrapyramidal effects |Avoid, unless for Moderate Strong
including tardive dyskinesia; risk may |gastroparesis
beevengreaterinfrail olderadults
Mineral oil, oral Potentialforaspirationand adverse Avoid Moderate Strong

effects; saferalternatives available
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relaxants
Carisoprodol
Chlorzoxazone
Cyclobenzaprine
Metaxalone
Methocarbamol
Orphenadrine

tolerated by olderadults because of
anticholinergic adverse effects,
sedation, risk of fracture; effectiveness
atdosages tolerated by olderadults is
questionable

Trimethobenzamide |Oneoftheleasteffectiveantiemetic  |Avoid Moderate Strong
drugs; can cause extrapyramidal
adverse effects
Pain
Meperidine Not an effective oral analgesic in Avoid High Strong
dosages commonly used; may cause
neurotoxicity; safer alternatives
available
Non-COX-selective Increase risk of Gl bleeding and peptic |Avoid long-term use |Moderate Strong
NSAIDs, oral ulcer disease in high-risk groups, [unless other alternatives
Aspirin > 325 mg/d includingthose age.d >75 or'taklng oral are not effective and
or parenteral corticosteroids, patient can take
Diclofenac anticoagulants or antiplateletagents. |gastroprotective agent
Diflunisal Use of proton pump inhibitor or (proton pump inhibitor on
misoprostol reduces but does not |misoprostol)
Etodolac eliminaterisk.UpperGlulcers,gross
Fenoprofen bleeding or perforation caused by
b ‘ NSAIDs occurs in approximately 1% of
uproten patients treated for 3 to 6 months and
Ketoprofen inapproximately2%to 4%ofpatients
treated for 1 year. These trends
Meclofenamate . . ;
continuewithlongerdurationofuse
Mefenamic acid
Meloxicam
Nabumetone
Naproxen
Oxaprozin
Piroxicam
Sulindac
Tolmetin
Indomethacin Increase risk of Gl bleeding and peptic |Avoid Indomethacin: |Strong
o, ncuces Y duesee mIonrkorouioe
parenteral Ketorolac: high|
Of all the NSAIDs, indomethacin has
the most adverse effects
Pentazocine* Opioid analgesic that causes CNS  |Avoid Low Strong
adverse effects, including confusion
andhallucinations, morecommonly
than othernarcoticdrugs;alsoamixed
agonist and antagonist; safer
alternatives available
Skeletal muscle Most muscle relaxants are poorly |Avoid Moderate Strong

Source: AGS 2012.

*Infrequently used drugs.

CNS = central nervous system; COX = cyclo-oxygenase; CrCl = creatinine clearance; Gl = gastrointestinal; NSAID = non-
steroidal anti-inflammatory drug; TCA = tricyclic antidepressant.

Footnotes

5 Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults due to
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drug-disease or drug-syndrome interactions that may exacerbate the disease or syndrome

Disease or

Anticholinergics (see
AGS 2012 for full list)

Benzodiazepines
Chlorpromazine
Corticosteroids
H,-receptor antagonist
Meperidine
Sedative-hypnotics

Thioridazine

orathighrisk ofdelirium
becauseofinducingor
worsening delirium in
older adults; if
discontinued drugs used
long-term, taper to avoid
withdrawal symptoms

Drug Rationale Recommendation |Quality of evidence Strength of
syndrome recommendation
Cardiovascular
Heart failure g Potential to promote fluid |Avoid NSAIDs: moderate|Strong

NSAIDs and COX-2  |retention and exacerbate ,

inhibitors heart failure CCBs: moderate

Non-dihydropyridine Thiazolidinediones

CCBs(avoidonlyfor (glitazones): high

systolic heart failure) Cilostazol: low

Diltiazem Dronedarone:

, moderate

Verapamil

Pioglitazone,

rosiglitazone

Cilostazol

Dronedarone
Syncope Increase risk of Avoid Alpha-blockers: |AChEls and

AChEls orthostatic hypotension . TCAs: strong

Peripheral alpha- or bradycardia il Alpha-blockers

P P TCAs, AChEls and|™P

blockers and

D . antipsychotics: : .

oxazosin moderate antipsychotics:

Prazosin weak

Terazosin

Tertiary TCAs

Chlorpromazine,

thioridazine and

olanzapine
Central nervous system
Chronic Bupropion Lower seizure threshold; |Avoid Moderate Strong
seizures or Chlorpromazine may be acgeptable in
epilepsy patients with well-

Clozapine controlled seizures in

Maprotiline whom alternative agents

) have not been effective

Olanzapine

Thioridazine

Thiothixene

Tramadol
Delirium All TCAs Avoidinolderadultswith |Avoid Moderate Strong
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DementiaandAnticholinergics (see Avoid because of Avoid High Strong
cognitive AGS 2012 forfulllist) |adverse CNS effects
Impairment Benzodiazepines Avoid antipsychotics for
.. |behavioural problems of
H,-receptor antagonists ;
dementia unless non-
Zolpidem pharmacological options
Antipsvchotics. long— have failed and patientis
Py » ON9™ 1, threat to himself or
termandas-needed use . X
others. Antipsychotics
are associated with
increased risk of
cerebrovascular accident
(stroke)and mortalityin
personswithdementia
History offall§ Ability to produce ataxia, |Avoid unless safer |High Strong
or fractures |Anticonvulsants impaired psychomotor |alternatives are not
Antipsychotics function, syncope and |available; avoid
) ) additional falls; shorter- |anticonvulsants
Benzodiazepines acting benzodiazepines |except for seizure
Non-benzodiazepine |are not safer than long-|disorders
hypnotics acting ones
Eszopiclone
Zaleplon
Zolpidem
TCAs and selective
serotonin reuptake
inhibitors
Insomnia CNS stimulant effects |Avoid Moderate Strong
Oral decongestants
Pseudoephedrine
Phenylephrine
Stimulants
Amphetamine
Methylphenidate
Pemoline
Theobromines
Theophylline
Caffeine
Parkinson's Dopamine receptor Avoid Moderate Strong
disease Allantipsychotics (see |antagonists withpotential

AGS 2012 forfulllist,

exceptforquetiapine
and clozapine)

Antiemetics
Metoclopramide
Prochlorperazine

Promethazine

to worsen parkinsonian
symptoms

Quetiapine and clozapine
appearto be less likely to
precipitate worsening of
Parkinson's disease

Gastrointestinal
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Chronic ICan worsen constipation; JAvoid unless no For urinary IWeak
constipation |Oral antimuscarinics for Jagents for urinary other alternatives incontinence: high
urinary incontinence |incontinence: All others:

Darifenacin
Fesoterodine
|Oxybutynin (oral)
Solifenacin
Tolterodine
Trospium

INon—dihydropyridine
CCB

Diltiazem
Verapamil

First—-generation
antihistamines as single
agent or part of
combination products

|Brompheniramine
(various)

Carbinoxamine
Chlorpheniramine
Clemastine (various)
Cyproheptadine
Dexbrompheniramine

|Dexchlorpheniramine
(various)

Diphenhydramine
Doxylamine
Hydroxyzine
Promethazine
Triprolidine

Anticholinergics and

antispasmodics (see
AGS 2012 forfulllistof

Antimuscarinics overall
differ in incidence of
constipation; response
variable; consider
alternative agent if
constipation develops

drugs with strong
anticholinergic
properties)

Antipsychotics
Belladonna alkaloids
|Clidinium-
chlordiazepoxide
Dicyclomine
Hyoscyamine
Propantheline
Scopolamine

Tertiary TCAs
(amitriptyline,
clomipramine, doxepin,
imipramine and
trimipramine)

moderate to low
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History of
gastricor
duodenal
ulcers

Aspirin (> 325 mg/d)

Non-COX-2-selective
NSAIDs

May exacerbate existing
ulcers or cause new or
additional ulcers

Avoid unless other
alternatives are not
effective and patient

can take
gastroprotective

agent (proton pump

inhibitor or
misoprostol)

Moderate

Strong

Kidney and urinary tract

mixed urinary
incontinence

Doxazosin
Prazosin

Terazosin

Chronic NSAIDs May increase risk of Avoid NSAIDs: moderate|NSAIDs: strong
Id(l‘ggae:e Triamterene (aloneorin kidney injury Triamterene: low |Triamterene:
! combination) weak
StagesIVand
\Y;
Urinary Oestrogen oral and  |Aggravate incontinence |Avoid in women  |High Strong
incontinence [transdermal (excludes
(all types) in |intravaginal oestrogen)
women
Lower urinary|Inhaled anticholinergic |May decrease urinary |Avoid in men Moderate Inhaled agents:
tract agents flow and cause urinary strong
st;\ér:ipt:ms, Strongly anticholinergic retention All others: weak
(-t:’ ti drugs, except
Eros a I'c . |antimuscarinics for
yperplasia urinary incontinence
(see AGS 2012 for
complete list)
Stress or Alpha-blockers Aggravate incontinence |Avoid in women Moderate Strong

Source: AGS 2012.

CCB = calcium channel blocker; AChEl = acetylcholinesterase inhibitor; CNS = central nervous system; COX = cyclo-
oxygenase; NSAID = non-steroidal anti-inflammatory drug; TCA = tricyclic antidepressant.

Footnotes

6 Updated Beers (2012) criteria for potentially inappropriate medications to be used with caution in older adults
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Drug Rationale Recommendation |Quality of |Strength of
evidence |recommendation

Aspirin for primary Lack of evidence of benefitversus riskin |Use with caution in |Low Weak

prevention of cardiacevents|individuals aged >80 adults aged > 80

Dabigatran Greaterrisk of bleeding thanwithwarfarin|{Use with caution in  |Moderate |Weak

inadults aged > 75; lack of evidence of |adultsaged > 75 orif
efficacy and safety in individuals with CrCICrCl < 30 mL/min
< 30 mL/min

Prasugrel Greaterriskofbleedinginolderadults; |Use with caution in [Moderate |Weak
risk may be offset by benefitin highest- |adults aged > 75
risk older adults (e.g. with prior

myocardial infarction or diabetes mellitus)

Antipsychotics May exacerbate or cause syndrome of ~ [Use with caution Moderate |Strong
Carbamazepine inappropriate antidiuretic hormone
) secretion or hyponatraemia; need to
Carboplatin monitor sodium level closely when
Cisplatin starting or changing dosagesin older

. . adults because of increased risk
Mirtazapine

Serotonin-norepinephrine
reuptake inhibitor

Selective serotoninreuptake
inhibitor
Tricyclic antidepressants

Vincristine

Vasodilators May exacerbate episodes of syncope in
individuals with history of syncope

Source: AGS 2012.
CrCl = creatinine clearance.
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‘Risk of bias' summary: review authors' judgements about each 'Risk of bias' item for each included study.

Figure 4 (Analysis 1.1)
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Funnelplotof comparison: 1 Postintervention analysis, outcome: 1.1 Medicationappropriateness (as measured by animplicit
tool).

Figure 5 (Analysis 1.4)
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Funnel plot of comparison: 1 Postintervention analysis, outcome: 1.4 The number of potentially inappropriate medications.

Figure 6 (Analysis 1.5)
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Funnelplotofcomparison: 1 Postinterventionanalysis,outcome: 1.5 The proportion of patients with one or more potentially
inappropriate medications.
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Feedback
Appendices

1 The Medication Appropriateness Index (MAI) and the Beers criteria

The MAlwas designed to assist physicians and pharmacists in assessing the appropriateness of a medication fora
given patient. The MAl requires clinicians to rate 10 explicit criteria to determine whether a given medication is
appropriate foranindividual. For each criterion, the index has operational definitions, explicitinstructions and
examples, andthe evaluator rates whetherthe particular medicationis "appropriate,” "marginally appropriate" or
"inappropriate” (Table 1).

The 10 explicit criteria are:

Indication:thesign,symptom, disease or conditionforwhich the medicationis prescribed.

Effectiveness: producing a— beneficial result.

Dosage:totalamountof medicationtakenper24-hourperiod.

Directions:instructionstothe patientforproperuseofamedication.

Practicality: capability of beingused or being putinto practice.

Drug-drug interaction: the effect that administration of one medication has on another drug; clinical significance connotes

a harmful interaction.

7. Drug-diseaseinteraction:theeffectthatthedrughasonapre-existingdiseaseorcondition;clinical significance connotes
a harmful interaction.

8. Unnecessaryduplication: non-beneficial orrisky prescribing of two or moredrugs fromthe same chemical or
pharmacological class.

9. Duration: length of therapy.

10. Expensiveness: cost of drug in comparison with other agents of equal efficacy and safety.

o Ul b W —

These are measured on a 3-point scale (Table 1).

Toassesstheeffects oftheinterventions onprescribingappropriateness, patient MAlscores maybedetermined by
summing MAI medication scores across all evaluated medications. Thus, this patient MAl score depends on the number of
medications taken by the patient and the MAI score per medication.

Furthermore, todetermine asingle summated score foreachdrug, inaddition to an overall score for the patient, aweighting
schemewas developed. Aweightofthreewas givenforindicationand effectiveness. Aweightoftwowas assignedto
dosage, correctdirections, drug-druginteractionsand drug-diseaseinteractions. Aweight of onewas assignedto practical
directions, expense, duplication and duration.

The Beers criteria are consensus explicit criteria used to enhance safe medication use in older adults when precise clinical
informationislacking(seeTable2;Table 3;Table4;Table5;Table6). TheBeerscriteriaarebasedonexpertconsensus
developedthroughanextensiveliteraturereviewwith abibliographyandaquestionnaireevaluated by nationallyrecognised
experts in geriatric care, clinical pharmacology and psychopharmacology using a modified Delphi technique to reach
consensus. These criteria have been used to survey clinical medication usage, to analyse computerised administrative data
sets and to evaluate intervention studies to decrease medication problems in older adults.

The mostrecentversion of Beers criteria(AGS 2012)comprisesthreelists. Thefirstlistcomprises 34 individual
medications or classes of medications that should be avoided in older adults and their concerns (Table 4). The second
listincludes diseases or conditions and drugs that should be avoided in older adults with these conditions (Table 5).

The third list provides medications to be used with cautionin older adults (Table 6). The statements in each list are rated on
the basis of quality of evidence and the strength of recommendations using the American College of Physicians' Guideline
Grading System.

2 Search strategies 2016

MEDLINE (Ovid)

Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE Daily and Ovid MEDLINE 1946 to Present
Search date: 5 May2016

1| polypharmacy/ 2956
2 inappropriate prescribing/ 1360
3 potentially inappropriate medication list/ 20
4 deprescriptions/ 10
5 medication errors/ 11203
6 polypharma*.ti,ab. 4661
"7 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab. 407
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8 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab. 8
—9 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab. 45
I—C (stopp criter* or stopp list?).ti,ab. 79

((concomitant™® or concurrent* or inappropriat* or appropriat* or suboptim* or sub-optim* or unnecessary or
11lincorrect* or excess* or multip* orinadvert* or discontinu*) adj1 (medicine? or medicat* or prescrib* or 2185¢
prescription* or drug®)).ti,ab.
12 ((overa_djl (prescribfor pres_cript*))or(over—prescrib*oroverprescrib*)or("or more"adj(medication*or 1797
prescrib® or prescript®))).ti,ab.
13 ((under adj1 prescrib*) or underprescrib* or under-prescrib*).ti,ab. 425
1—4 (deprescrib* or deprescript*).ti,ab. 85
FE "medication appropriateness index*".ti,ab. 83
1_6' (quality adj2 (prescribing or prescription* or medication®)).ti,ab. 1025
F (improv* adj2 (prescrib* or pharmaco* or prescription¥®)).ti,ab. 5217
1_5' (prescrib* adj cascade*).ti,ab. 24
E ("assessing care of vulnerable elders" or acove).ti,ab. 84
E ((multi-drug* or multidrug*) adj2 (prescrib* or prescription* or regimen? or therap* or treatment?)).ti,ab. 3761'
21/ 0r/1-20 49364
E exp aged/ 2558754
2—3 geriatrics/ 27917
Z (elder* or geriatric*).ti,ab. 228974
E ((old* or aged) adj (person* or adult* or people or patient* or inpatient* or outpatient®)).ti,ab. 138495
2~E aged care.ti,ab. 1737
; veterans/ 11908
2—5 veteran®.ti,ab. 26177
29 or/22-28 270050
3021 and 29 12684
; exp *polypharmacy/ 1274
3231 and 29 847
E randomized controlled trial.pt. 415781
i controlled clinical trial.pt. 9067¢
% multicenter study.pt. 201064
3_6' pragmatic clinical trial.pt. 312
3_" (randomis* or randomiz* or randomly).ti,ab. 663947
3_5' groups.ab. 1577286
E (trial or multicenter or multi center or multicentre or multi centre).ti. 180301
(intervention? or effect? orimpact? or controlled or control group? or (before adj5 after) or (pre adj5 post) or
40 ((pretestorpretest)and (posttestor posttest)) orquasiexperiment*orquasiexperiment*or pseudo 7470667
experiment* or pseudoexperiment® or evaluat® or time series or time point? or repeated measur*).ti,ab.
41 non-randomized controlled trials as topic/ 57
42 interrupted time series analysis/ 142
43 controlled before-after studies/ 129
44 or/33-43 835442(
4_5 exp animals/ 2015555;
46 humans/ 1591661
i 45 not (45 and 46) 423894(
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48 review.pt. 2114984
4—5 meta analysis.pt. 65371
50 news.pt. 17649
; comment.pt. 662585
E editorial.pt. 402997
—3 cochrane database of systematic reviews.jn. 12298
; comment on.cm. 662584
;5' (systematic review or literature review).ti. 7642(
56 or/47-55 729836(
5744 not 56 578896
5430 and 57 6760
5932 or 58 7208
& (20131* or 2014* or 2015* or 2016%*).dc,dp,ed,ep,yr. 3528154
61/59 and 60 1876
Embase (Ovid)
Embase 1974 to 2016 May 04
Search date: 5 May 2016
1| polypharmacy/ 9311|

—2 inappropriate prescribing/ 2174
—3 medication error/ 1447(
—4 polypharma®.ti,ab. 7297
—5 ((beer* or shan? or mcleod?) adj3 criter®).ti,ab. 692
—6 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab. 13
—7 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab. 79
—8 (stopp criter* or stopp list?).ti,ab. 194

((concomitant* or concurrent® or inappropriat* or appropriat® or suboptim* or sub-optim* or unnecessary or

dincorrect™ or excess* or multip* orinadvert* or discontinu*)adj1 (medicine? or medicat* or prescrib* or 33028

prescription® or drug®)).ti,ab.
10 ((overa_djl (prescribforpres_cript*))or(over—prescrib*oroverprescrib*)or("ormore"adj(medication*or 2678

prescrib® or prescript®))).ti,ab.
11 ((under adj1 prescrib*) or underprescrib* or under-prescrib*).ti,ab. 601
1_2 (deprescrib* or deprescript*).ti,ab. 108
13 "medication appropriateness index*".ti,ab. 125
14 (quality adj2 (prescribing or prescription* or medication™®)).ti,ab. 1614
15 (improv* adj2 (prescrib* or pharmaco* or prescription¥®)).ti,ab. 73114
16 (prescrib* adj cascade¥).ti,ab. 32
1_" ("assessing care of vulnerable elders" or acove).ti,ab. 131
1_8' ((multi-drug* or multidrug*) adj2 (prescrib* or prescription* or regimen? or therap* or treatment?)).ti,ab. 4674
190r/1-18 72518
20 aged/ 240641
21 frail elderly/ 7267
27 very elderly/ 87611
23 aged hospital patient/ 557
24 veteran/ 14937
—

198 /211



Interventions to improve the appropriate use of polypharmacy for older people

25 exp geriatrics/ 46527
ZZ (elder* or geriatric*).ti,ab. 313574
; ((old* or aged) adj (person* or adult* or people or patient* or inpatient* or outpatient®)).ti,ab. 17898¢
;c' aged care.ti,ab. 1777
E veteran®.ti,ab. 316713
30 or/20-29 2618873
; *polypharmacy/ 2108
3230 and 31 1082
3319 and 30 1600
i randomized controlled trial/ 402955
E controlled clinical trial/ 393267
E quasi experimental study/ 2895
? pretest posttest control group design/ 254
3—5 time series analysis/ 1688(
E experimental design/ 12364
4—C multicenter study/ 136615
E (randomis* or randomiz* or randomly).ti,ab. 87995¢
43 groups.ab. 206110
4—3 (trial or multicentre or multicenter or multi centre or multi center).ti. 243864
(intervention? or effect? orimpact? or controlled or control group? or (before adj5 after) or (pre adj5 post) or
44((pretestorpretest)and (posttestorposttest)) orquasiexperiment*orquasiexperiment*or pseudo 9311234
experiment* or pseudoexperiment* or evaluat* or time series or time point? or repeated measur*).ti,ab.
45 or/34-44 10393792
4—E (systematic review or literature review).ti. 89371
; "cochrane database of systematic reviews".jn. 3951
4g®XP animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or 23072413
nonhuman/
49 human/ or normal human/ or human cell/ 17208417
50 48 not (48 and 49) 591075
51 46 or 47 or 50 6003257
5_2'45 not 51 785463(
EB3 and 52 10126
5432 or 53 10608
E (20131* or 2014* or 2015* or 2016*).dp,dd,yr,em. 4637633
5654 and 55 3269

The Cochrane Library (Wiley)
Search date: 5 May 2016
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#1 |{[mh polypharmacy] 126
#2 |[mh "inappropriate prescribing"] 71
#3 |[mh "potentially inappropriate medication list"] 0
#4 |[mh deprescriptions] 0
#5 |[mh "medication errors"] 331
#6 |polypharma*:ti,ab 234
#7 |(beer* or shan* or mcleod*) near/3 criter*):ti,ab 23
#8 |("fit for the aged" near/3 (criter® or list* or instrument or classif*)):ti,ab 1
#9 |((forta or rasp or priscus) near/3 (criter* or list* or instrument)):ti,ab 5
#10|(stopp criter* or stopp list*):ti,ab 24
((concomitant* or concurrent® or inappropriat® or appropriat* or suboptim* or sub-optim* or unnecessary or
#1 llincorrect* orexcess*ormultip* orinadvert* ordiscontinu*)near/1 (medicine* or medicat* or prescrib* or 2379
prescription® or drug®)):ti,ab
41 2[((over n_ear/l (prescri_b* or pr_escript*)) or (over-prescrib* or overprescrib®) or ("or more" near/1 (medication* or 154
prescrib* or prescript®))):ti,ab
#13 ((under near/1 prescrib*) or underprescrib* or under-prescrib*):ti,ab 20
#14 (deprescrib* or deprescript*):ti,ab 6
#115 (quality near/2 (prescribing or prescription* or medication*)):ti,ab 151
#16 (improv* near/2 (prescrib* or pharmaco* or prescription®)):ti,ab 476
#17 (prescri* near/1 cascade*®):ti,ab 0
#18 ("assessing care of vulnerable elders" or acove):ti,ab 10
#19((multi-drug*ormultidrug®) near/2 (prescrib*orprescription* orregimen*ortherap* ortreatment®)):ti,ab 364
#2Q {or #1-#19} 3932
#21 [mh aged] 993
#22 [mh geriatrics] 216
#23 (elder* or geriatric*):ti,ab 19391
#24 ((old* or aged) near/1 (person* or adult* or people or patient* or inpatient* or outpatient®)):ti,ab 21045
#25 aged next care:ti,ab 130
#26 [mh veterans] 614
#27 veteran*:ti,ab 2559
#28 {or #21-#27} 39695
#29 #20 and #28 Publication Year from 2013 to 2016 165
CINAHL (EBSCO)
Search date: 5 May 2016
No.|Search terms Results
S1 |(MH "Polypharmacy") 1,832
S2 |(MH "Inappropriate Prescribing") 491
S3 |(MH "Medication Errors") 8,808
S4 |polypharma* 2,376
S5 |(beer* or shan* or mcleod*) N3 criter* 171
S6 |"fit for the aged" N3 (criter® or list* or instrument or classif*) 3
S7 |(forta or rasp or priscus) N3 (criter* or list* or instrument) 3
S8 |stopp criter* or stopp list* 28
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concomitant® or concurrent® or inappropriat* or appropriat* or suboptim* or sub-optim* or unnecessary or
S9 ihcorrect* or excess* or multip* orinadvert* or discontinu*) N1 (medicine* or medicat* or prescrib* or 7,963

prescription® or drug®)
510 (overN] (prescrib*o_rp[escript*))or(over—prescrib*oroverprescrib*)or("or more"NO (medication* or 155

prescrib* or prescript*))) ’
S11| (under N1 prescrib*) or underprescrib* or under-prescrib* 107
S12| deprescrib* or deprescript* 28
S13I"medication appropriateness index*" 25
S14 quality N2 (prescribing or prescription* or medication*) 427
S15| prescrib* NO cascade* 11
S16 "assessing care of vulnerable elders" or acove 44
S17(multi-drug* or multidrug*) N2 (prescrib* or prescription* or regimen* or therap* or treatment*) 616
S18 improv* N2 (prescrib* or pharmaco* or prescription*) 1,003
51951 ORS2 ORS3 ORS4 ORS5ORS6 ORS7ORS8ORS9ORSIOORST1 ORS120RS130RS14 21.470

OR S15 ORS16 ORS17 ORS18 '
S20(MH "Aged+") 373,520
S21/(MH "Geriatrics") 2,766
S22(MH "Veterans") 7,998
S23|elder* or geriatric* 74,995
S24 (old* or aged) NO (person* or adult* or people or patient* or inpatient* or outpatient*) 57,731
S25/'aged care” 2,138
S26|veteran* 15,551
S$27/S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 415,048
S28/S19 AND S27 5,108
S29/(MM "Polypharmacy") 765
S$30/S27 AND S29 538
S31|PT randomized controlled trial 30,497
S32| PT clinical trial 52,762
S33|PT research 988,005
S34 (MH "Randomized Controlled Trials") 26,240
S35/ (MH "Clinical Trials") 84,279
S36| (MH "Intervention Trials") 5,986
S37 (MH "Nonrandomized Trials") 170
S38 (MH "Experimental Studies") 14,818
S39 (MH "Pretest-Posttest Design+") 26,855
(MH "Quasi-Experimental Studies+") 8,473
S41| (MH "Multicenter Studies") 11,426
S42| (MH "Health Services Research") 7,374
Tl ( randomis™* or randomiz* or randomly) OR AB ( randomis* or randomiz* or randomly) 111,004

I (trial or effect* orimpact* orintervention* or before N5 after or pre N5 post or ((pretest or "pre test") and

(posttest or "post test")) or quasiexperiment* or quasi WO experiment* or pseudo experiment* or
S44 pseud¢oex_perime¢nt*_or evalua.t* or "time series" or time WO point* or repeated Wq measur:l*) OR AB (trial or 762.00

effect* orimpact* orintervention* or before N5 after or pre N5 postor ((pretest or "pre test") and (posttestor ’

'posttest”))orquasiexperiment*orquasiW0experiment*orpseudoexperiment*orpseudoexperiment®or

evaluat® or "time series" or time WO point* or repeated WO measur®)
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S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43
S45 1,297,160
OR S44
S46 S28 AND S45 3,669
S47, S30 OR S46 3,901
S48 S47 Limiters - Exclude MEDLINE records 726
S49/S48 Limiters - Published Date: 20131001-20161231 141

ClinicalTrials.gov, US National Institutes of Health (NIH) http://clinicaltrials.gov/
Search date: 5 May 2016

polypharmacy | senior 69

"inappropriate prescribing” | seniof 26

appropriate prescribing | senior 5

"inappropriate medication"|senior 30

"appropriate medication" | senior | 16

deprescribing | senior 1
Total= 147

WHO International Clinical Trials Registry Platform (ICTRP)
Search date: 5 May 2016
polypharmacy 60

inappropriate prescribing|1 1

appropriate prescribing| 6

inappropriate medicationi12

appropriate medication| 4

deprescribing 6
Total= 99

3 Search strategies 2018
MEDLINE (Ovid)

Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE Daily and Ovid MEDLINE 1946 to January
31,2018

Search date: 7 February 2018

1| polypharmacy/ 3668
—2 inappropriate prescribing/ 2046
—3 potentially inappropriate medication list/ 158
—4 deprescriptions/ 124
—5 medication errors/ 12019
—6 polypharma*.ti,ab. 5918
—7 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab. 517
—8 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab. 13
—9 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab. 64
I—C (stopp criter* or stopp list?).ti,ab. 119
((concomitant™® or concurrent* or inappropriat® or appropriat* or suboptim* or sub-optim* or unnecessary or

11lincorrect®* orexcess* or multip* or inadvert* or discontinu*) adj1 (medicine? or medicat* or prescrib* or 24793
prescription* or drug®)).ti,ab.

17 ((overa_djl (prescribfor pres_cript*))or(over—prescrib*oroverprescrib*)or("or more"adj(medication*or 211
prescrib* or prescript®))).ti,ab.
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13 ((under adj1 prescrib*) or underprescrib* or under-prescrib*).ti,ab. 475
14 (deprescrib* or deprescript®).ti,ab. 226
1—5 "medication appropriateness index*".ti,ab. 102
1—6 (quality adj2 (prescribing or prescription* or medication™®)).ti,ab. 1177
F (improv* adj2 (prescrib* or pharmaco* or prescription®)).ti,ab. 6106
I—E (prescrib* adj cascade¥).ti,ab. 34
1—9 ("assessing care of vulnerable elders" or acove).ti,ab. 9(
% ((multi-drug* or multidrug*) adj2 (prescrib* or prescription* or regimen? or therap* or treatment?)).ti,ab. 4237
21 or/1-20 56284
E exp aged/ 2764427
2—3 geriatrics/ 28541
2_4' (elder* or geriatric*).ti,ab. 2517194
;E ((old* or aged) adj (person* or adult* or people or patient* or inpatient* or outpatient*)).ti,ab. 160084
2—6 aged care.ti,ab. 2117
; veterans/ 13542
Z‘. veteran*.ti,ab. 29692
29 or/22-28 2927447
3021 and 29 1494;
5 exp *polypharmacy/ 1667
3331 and 29 1152
E randomized controlled trial.pt. 452914
; controlled clinical trial.pt. 9214(
i multicenter study.pt. 22793(
i pragmatic clinical trial.pt. 653
? (randomis* or randomiz* or randomly).ti,ab. 75437§
§ groups.ab. 17610673
39 (trial or multicenter or multi center or multicentre or multi centre).ti. 209754
(intervention? or effect? orimpact? or controlled or control group? or (before adj5 after) or (pre adj5 post) or
40 ((pretestorpretest)and (posttestorposttest)) orquasiexperiment®orquasiexperiment*orpseudo 828931(
experiment* or pseudoexperiment® or evaluat® or time series or time point? or repeated measur*).ti,ab.
41 non-randomized controlled trials as topic/ 277
E interrupted time series analysis/ 372
43 controlled before-after studies/ 29¢
44 or/33-43 9255407
E exp animals/ 2128803F
44 humans 1686548€
47 45 not (45 and 46) 4422544
4_5' review.pt. 2339657
4—9 meta analysis.pt. 84384
ﬁ news.pt. 18545(
ﬁ comment.pt. 704566
E editorial.pt. 449644
E cochrane database of systematic reviews.jn. 13415
54 comment on.cm. 704563
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55 (systematic review or literature review).ti. 105999
% or/47-55 7800161
5_"44 not 56 6467868
5430 and 57 8109
5432 or 58 8711
& (2016* or 2017* or 2018*).dt,dp,ed,ep,yr. 3317707
61|59 and 60 2095
Embase (Ovid)
Embase 1974 to 2018 February 6
Search date: 7 February 2018
1| polypharmacy/ 1199(

—2 inappropriate prescribing/ 2980
_3 medication error/ 16294
—4 polypharma*.ti,ab. 9660
—5 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab. 93¢
—6 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab. 20
—7 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab. 106
—8 (stopp criter* or stopp list?).ti,ab. 287

((concomitant® or concurrent® or inappropriat* or appropriat® or suboptim* or sub-optim* or unnecessary or

gincorrect* orexcess* or multip* orinadvert* or discontinu*) adj1 (medicine? or medicat* or prescrib* or 39145

prescription® or drug®)).ti,ab.
10 ((overa_djj (prescrib*_‘oerres_cript*))or(over—prescrib*oroverprescrib*)or("or more"adj(medication*or 3207

prescrib® or prescript®))).ti,ab.
11 ((under adj1 prescrib*) or underprescrib* or under-prescrib*).ti,ab. 712
E (deprescrib* or deprescript*®).ti,ab. 353
1—3 "medication appropriateness index*".ti,ab. 157
ﬁ (quality adj2 (prescribing or prescription* or medication®)).ti,ab. 1958
FE (improv* adj2 (prescrib* or pharmaco* or prescription®)).ti,ab. 8783
1—6 (prescrib* adj cascade®).ti,ab. 52
17 ("assessing care of vulnerable elders" or acove).ti,ab. 143
1_8 ((multi-drug* or multidrug*) adj2 (prescrib* or prescription* or regimen? or therap* or treatment?)).ti,ab. 5382
190r/1-18 86092
20 aged/ 2658767
21 frail elderly/ 8640
27 very elderly/ 125021
23 aged hospital patient/ 679
2_4' veteran/ 19187
Z" exp geriatrics/ 38814
26 (elder* or geriatric*).ti,ab. 35156(
27 ((old* or aged) adj (person* or adult* or people or patient* or inpatient* or outpatient®)).ti,ab. 210594
28 aged care.ti,ab. 2241
2 veteran*.ti,ab. 3745¢
30 or/20-29 288874
31 *polypharmacy/ 2833
—
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3230 and 31 1516
; 19 and 30 1994¢
3_4. randomized controlled trial/ 48599(
E controlled clinical trial/ 454228
3—6 quasi experimental study/ 4178
; pretest posttest control group design/ 325
§ time series analysis/ 2012(
i experimental design/ 15072
4—0 multicenter study/ 174951
Z (randomis* or randomiz* or randomly).ti,ab. 103424(
E groups.ab. 2380261
4—3 (trial or multicentre or multicenter or multi centre or multi center).ti. 290684
(intervention? or effect? orimpact? or controlled or control group? or (before adj5 after) or (pre adj5 post) or
44((pretestorpretest)and (posttestor posttest)) orquasiexperiment*orquasiexperiment*orpseudo 10531597
experiment* or pseudoexperiment® or evaluat® or time series or time point? or repeated measur®).ti,ab.
45 or/34-44 11748867
4—6 (systematic review or literature review).ti. 124547
4_" "cochrane database of systematic reviews".jn. 7188
48 exp animals/ or exp invertebrate/ or animal experiment/ or animal model/ or animal tissue/ or animal cell/ or 2551073¢
nonhuman/
49 human/ or normal human/ or human cell/ 19263193
S_C' 48 not (48 and 49) 6295394
; 46 or 47 or 50 642594(
5245 not 51 895679¢
5333 and 52 1269¢
5432 or 53 13348
55/limit 54 to yr="2016 -Current" 2944

The Cochrane Library (Wiley)
Search date: 7 February 2018

205/ 211



Interventions to improve the appropriate use of polypharmacy for older people

#1 |{[mh polypharmacy]

174

#2 |[mh "inappropriate prescribing"] 110
#3 |[mh "potentially inappropriate medication list"] 5
#4 |[mh deprescriptions] 7
#5 |[mh "medication errors"] 413
#6 |polypharma*:ti,ab 415
#7 |(beer* or shan* or mcleod*) near/3 criter*):ti,ab 42
#8 |("fit for the aged" near/3 (criter® or list* or instrument or classif*)):ti,ab 5
#9 |((forta or rasp or priscus) near/3 (criter* or list* or instrument)):ti,ab 7
#10|(stopp criter* or stopp list*):ti,ab 52
((concomitant* or concurrent® or inappropriat® or appropriat* or suboptim* or sub-optim* or unnecessary or
#1 llincorrect* orexcess*ormultip*orinadvert* ordiscontinu*) near/1 (medicine* or medicat* or prescrib*or 3473
prescription® or drug®)):ti,ab
41 2[((over n_ear/l (prescri_b* or pr_escript*)) or (over-prescrib* or overprescrib®) or ("or more" near/1 (medication* or 230
prescrib* or prescript®))):ti,ab
#13 ((under near/1 prescrib*) or underprescrib* or under-prescrib*):ti,ab 37
#14 (deprescrib* or deprescript*):ti,ab 23
#115 (quality near/2 (prescribing or prescription* or medication*)):ti,ab 224
#16 (improv* near/2 (prescrib* or pharmaco* or prescription®)):ti,ab 654
#17 (prescri* near/1 cascade*®):ti,ab 1
#18 ("assessing care of vulnerable elders" or acove):ti,ab 12
#19((multi-drug*ormultidrug®) near/2 (prescrib*orprescription* orregimen*ortherap* ortreatment®)):ti,ab 441
#2Q {or #1-#19} 5560
#21 [mh aged] 1214
#22 [mh geriatrics] 227
#23 (elder* or geriatric*):ti,ab 23878
#24 ((old* or aged) near/1 (person* or adult* or people or patient* or inpatient* or outpatient®)):ti,ab 28530
#25 aged next care:ti,ab 188
#26 [mh veterans] 770
#27 veteran*:ti,ab 3200
#28 {or #21-#27} 51051
#29#20 and #28 814
#30 #20 and #28 Publication Year from 2016 to 2018 243
CINAHL (EBSCO)
Search date: 7 February 2018
S1 |(MH "Polypharmacy") 2,245
S2 |(MH "Inappropriate Prescribing") 900
S3 I(MH "Medication Errors") 9,416
S4 |polypharma* 2,980
S5 |(beer* or shan* or mcleod*) N3 criter*® 232
S6 |"fit for the aged" N3 (criter® or list* or instrument or classif*) 7
S7 |(forta or rasp or priscus) N3 (criter* or list* or instrument) 8
S8 |stopp criter* or stopp list* 55
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concomitant® or concurrent® or inappropriat* or appropriat* or suboptim* or sub-optim* or unnecessary or
S9 ihcorrect* or excess* or multip* orinadvert* or discontinu*) N1 (medicine* or medicat* or prescrib* or 9,77

prescription® or drug®)
510 (overN] (prescrib*o_rp[escript*))or(over—prescrib*oroverprescrib*)or("or more"NO (medication* or 1.96¢

prescrib* or prescript*))) ’
S11| (under N1 prescrib*) or underprescrib* or under-prescrib* 136
S12| deprescrib* or deprescript* 107,
S13I"medication appropriateness index*" 33
S14 quality N2 (prescribing or prescription* or medication*) 529
S15| prescrib* NO cascade* 15
S16 "assessing care of vulnerable elders" or acove 47
S17(multi-drug* or multidrug*) N2 (prescrib* or prescription* or regimen* or therap* or treatment*) 705
S18 improv* N2 (prescrib* or pharmaco* or prescription*) 1,262
51951 ORS2 ORS3 ORS4 ORS5ORS6 ORS7ORS8ORS9ORSIOORST1 ORS120RS130RS14 24.995

OR S15 ORS16 ORS17 ORS18 '
S20(MH "Aged+") 420,836
S21/(MH "Geriatrics") 3,197
S22(MH "Veterans") 9,527
S23|elder* or geriatric* 85,606
S24 (old* or aged) NO (person* or adult* or people or patient* or inpatient* or outpatient*) 73,337
S25/'aged care” 2,662
S26|veteran* 18,258
S$27/S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 474,552
S28/S19 AND S27 6,315
S29/(MM "Polypharmacy") 966
S$30/S27 AND S29 692
S31|PT randomized controlled trial 42,401
S32| PT clinical trial 55,753
S33|PT research 1,173,449
S34| (MH "Randomized Controlled Trials") 39,459
S35/ (MH "Clinical Trials") 92,614
S36| (MH "Intervention Trials") 6,848
S37 (MH "Nonrandomized Trials") 248
S38 (MH "Experimental Studies") 17,542
S39 (MH "Pretest-Posttest Design+") 30,465
(MH "Quasi-Experimental Studies+") 10,104
S41| (MH "Multicenter Studies") 34,001
S42| (MH "Health Services Research") 7,958
Tl ( randomis™* or randomiz* or randomly) OR AB ( randomis* or randomiz* or randomly) 139,254

I (trial or effect* orimpact* orintervention* or before N5 after or pre N5 post or ((pretest or "pre test") and

(posttest or "post test")) or quasiexperiment* or quasi WO experiment* or pseudo experiment* or
S44 pseud¢oex_perime¢nt*_or evalua.t* or "time series" or time WO point* or repeated Wq measur:l*) OR AB (trial or 954.17

effect* orimpact* orintervention* or before N5 after or pre N5 postor ((pretest or "pre test") and (posttestor ’

'posttest”))orquasiexperiment*orquasiW0experiment*orpseudoexperiment*orpseudoexperiment®or

evaluat® or "time series" or time WO point* or repeated WO measur®)

207 /211



Interventions to improve the appropriate use of polypharmacy for older people

S31 OR S32 OR S33 OR S34 OR S35 OR S36 OR S37 OR S38 OR S39 OR S40 OR S41 OR S42 OR S43
S45 1,556,024
OR S44
S46 S28 AND S45 4,714
S47, S30 OR S46 4,974
S48 S47 Limiters - Exclude MEDLINE records 1,336
S49/S48 Limiters - Published Date: 20160101-20181231 566

ClinicalTrials.gov, US National Institutes of Health (NIH) http://clinicaltrials.gov/
Search date: 7 February 2018

polypharmacy | senior 106

"inappropriate prescribing" | seniof 20

appropriate prescribing | senior 9

"inappropriate medication"|senior 16

"appropriate medication" | senior | 8

deprescribing | senior 25
Total= 184

WHO International Clinical Trials Registry Platform (ICTRP)
Search date: 7 February 2018

polypharmacy

inappropriate prescribing

appropriate prescribing

inappropriate medication

appropriate medication

deprescribing

Total= 209

4 Reviews screened for included studies

(1) Fulton MM, Allen ER. Polypharmacy in the elderly: a literature review. Journal of the American Academy of Nurse
Practitioners 2005 Apr;17(4):123-32.

(2) Garcia RM. Five ways you can reduce inappropriate prescribing in the elderly: a systematic review. Journal of Family
Practice 2006 Apr;55(4):305-12.

(3) George], Elliott RA, Stewart DC. A systematic review of interventions to improve medication taking in elderly patients
prescribed multiple medications. Drugs & Aging 2008;25(4):307-24.

(4) Hajjar ER, Cafiero AC, Hanlon JT. Polypharmacy in elderly patients. American Journal of Geriatric Pharmacotherapy
2007;5(4):345-51.

(5) Haynes RB, Ackloo E, Sahota N, McDonald HP, Yao X. Interventions for enhancing medication adherence. Cochrane
Database of Systematic Reviews2008;2(CD000011).

(6) Holland R, Desborough J, Goodyer L, Hall S, Wright D, Loke YK. Does pharmacist-led medication review help to reduce
hospitaladmissions and deaths inolder people? Asystematic review and meta-analysis. BritishJournal of Clinical
Pharmacology 2008 Mar;65(3):303-16.

(7) Huss A, Stuck AE, Rubenstein LZ, Egger M, Clough-Gorr KM. Multidimensional preventive home visit programs for

community-dwelling older adults: a systematic review and meta-analysis of randomized controlled trials. The Journals of
Gerontology Series A, Biological Sciences and Medical Sciences 2008;63(3):298-307.
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(8) Jano E, Aparasu RR. Healthcare outcomes associated with Beers' criteria: a systematic review. The Annals of
Pharmacotherapy 2007 Mar;41(3):438-47.

(9) Kaur S, Mitchell G, Vitetta L, Roberts MS. Interventions that can reduce inappropriate prescribingin the elderly: a
systematic review. Drugs & Aging 2009;26(12):1013-28.

(10) MaedaK. Systematic review of the effects ofimprovement of prescription to reduce the number of medications inthe
elderly with polypharmacy. Yakugaku Zasshi 2009 May;129(5):631-45.

(11) Milton JC, Hill-Smith I, Jackson SH. Prescribing for older people. BMJ 2008 Mar 15;336(7644):606-9.

(12) Rollason V, Vogt N. Reduction of polypharmacy in the elderly: a systematic review of the role of the pharmacist. Drugs &
Aging 2003;20(11):817-32.

(13) Royal S, Smeaton L, Avery AJ, Hurwitz B, Sheikh A. Interventions in primary care to reduce medication related adverse
events and hospital admissions: systematic review and meta-analysis. Quality & Safety in Health Care 2006 Feb;
15(1):23-31.

(14) SpinewineA,SchmaderKE, BarberN,Hughes C,LapaneKL,SwineC,etal. Appropriate prescribinginelderlypeople:
how well can it be measured and optimised? Lancet 2007;370(9582):173-84.

(15) Wenger NS, Roth CP, Shekelle P, ACOVE I. Introduction to the assessing care of vulnerable elders-3 quality indicator
measurement set. Journal of the American Geriatrics Society 2007 Oct;55(Suppl 2):S247-s52.

(16) YourmanL, ConcatoJ, AgostiniJV. Use of computer decision supportinterventions to improve medication prescribing in
older adults: a systematic review. American Journal of Geriatric Pharmacotherapy 2008 Jun;6(2):119-29.

(17) Alldred DP, Raynor DK, Hughes C, Barber N, Chen TF, Spoor P. Interventions to optimise prescribing for older people in
care homes. Cochrane Database of Systematic Reviews 2013; 2:CD009095.

(18) ChristensenM, Lundh A. Medicationreviewin hospitalised patients toreduce morbidity and mortality. Cochrane
Database of Systematic Reviews2013;2:CD008986.

(19) Clyne B, Bradley MC, Hughes C, Fahey T, Lapane KL. Electronic prescribing and other forms of technology to reduce
inappropriate medication use and polypharmacyin older people: areview of current evidence. Clinics in Geriatric Medicine
2012;28(2):301-22.

(20) Fleming A, BrowneJ, Byrne S. The effect of interventions to reduce potentially inappropriate antibiotic prescribingin
long-termcarefacilities:asystematicreviewofrandomised controlled trials. Drugs & Aging 201 3;30(6):401-8.

(20) Forsetlund L, Eike MC, Gjerberg E, Vist GE. Effect of interventions to reduce potentially inappropriate use of drugs in
nursing homes: a systematic review of randomised controlled trials. BMC Geriatrics 2011;11:16.

(21) Frazier SC. Health outcomes and polypharmacy in elderly individuals: an integrated literature review. Journal of
Gerontological Nursing 2005;31(9):4-11.

(22) GeorgeJ, Elliott RA, Stewart DC. A systematic review of interventions to improve medication taking in elderly patients
prescribed multiple medications. Drugs & Aging 2008;25(4):307-24.

(23) Loganathan M, Singh S, Franklin BD, Bottle A, Majeed A. Interventions to optimise prescribing in care homes:
systematic review. Age and Ageing 2011;40(2):150-62.

(24) MaedaK. Systematic review of the effects ofimprovement of prescription to reduce the number of medicationsinthe
elderlywith polypharmacy.YakugakuZasshi:Journalof thePharmaceutical SocietyofJapan2009;129(5):631-45.

(25) TaniH, Uchida H, Suzuki T, Fujii Y, Mimura M. Interventions to reduce antipsychotic polypharmacy: a systematic review.
Schizophrenia Research 2013;143(1):215-20.

(26) TjiaJ, VeltenSJ,Parsons C, ValluriS, BriesacherBA. Studies toreduce unnecessary medication useinfrail older
adults: a systematic review. Drugs & Aging 2013;30(5):285-307.

(27) Alldred DP, Kennedy M, Hughes C, Chen TF, Miller P. Interventions to optimise prescribing for older people in care
homes. Cochrane Database of Systematic Reviews 2016;2:CD009095.

(28) Christensen M, Lundh A. Medication reviewin hospitalised patients to reduce morbidity and mortality. Cochrane
Database of Systematic Reviews 2016;2: CD008986.

(29) Curtain C, Peterson G. Review of computerized clinical decision support in community pharmacy.J Clin Pharm Ther
2014;39(4):343-348.

(30) DesboroughJ, Twigg M. Pharmacist-led medication reviews in primary care. Reviews in Clinical Gerontology 2014;
24(01):1-9.

(31) Fried TR, O'Leary], Towle V, Goldstein MK, Trentalange M, Martin DK. Health Outcomes Associated with
Polypharmacyin Community-Dwelling Older Adults: A Systematic Review. ] Am GeriatrSoc2014;62(12):2261-2272.
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(32) Hill-Taylor B, Walsh K, StewartS, Hayden J, Byrne S, Sketris I. Effectiveness of the STOPP/START (Screening Tool of
Older Persons' potentially inappropriate Prescriptions/Screening Tool to Alert doctors to the Right Treatment) criteria:
systematic review and meta-analysis of randomized controlled studies.] ClinPharm Ther2016;41(2):158-169.

(33) Lehnbom EC, Stewart MJ, Manias E, Westbrook JI. Impact of medication reconciliation and review on clinical outcomes.
Ann Pharmacother 2014 Oct;48(10):1298-1312.

(34) Lonsdale DO, Baker EH. Understanding and managing medication in elderly people. Best Practice & Research Clinical
Obstetrics & Gynaecology2013;27(5):767-788.

(35) Maher RL, Hanlon J, Hajjar ER. Clinical consequences of polypharmacy in elderly. Expert opinion on drug safety 2014;

13(1):57-65.

(36) Penge]J,CromeP. Appropriate prescribinginolder people. Reviews in Clinical Gerontology 2014;24(01):58-77.
(37) PetrovicM, Somers A, Onder G. Optimization of geriatric pharmacotherapy: role of multifaceted cooperationinthe

hospital setting. Drugs Aging 2016

;33(3):179-188.
(38) Shade MY, Berger AM, Chaperon C. Potentiallyinappropriate medications in community-dwelling older adults. Research

in gerontological nursing2014;7(4):178-192.

(39) Walsh KA, O'Riordan D, Kearney PM, Timmons S, Byrne S. Improving the appropriateness of prescribing in older
patients: a systematic review and meta-analysis of pharmacists' interventions in secondary care. Age Ageing 2016;

45(2):201-2009.

5 GRADE evidence profile: Pharmaceutical care compared with usual care for older people receiving

polypharmacy
Certainty assessment of evidence for each outcome
No of Design Risk of Inconsisten Indirect ¥ Imprecision Other* certainty
studies esig bias consistency ndirectness precisio e (overall
score)®
Outcome: Medication appropriateness (as measured by an implicit tool)
. |Randomised  |Ver ) . . ®o00
5 studies |, . I Y Very serious Serious Serious None
trials serious very low
Outcome: The number of potentially inappropriate medications
. |Randomised  |Very . . No serious ®o00
7 studies trials serious Very serious Serious imprecision None very low
Outcome: The proportion of patients with one or more potentially inappropriate medications
. _|Randomised  |Very . . No serious ®000
11 studies trials serious Very serious Serious imprecision None very low
Outcome: The number of potential prescribing omissions
. |Randomised  |Very No serious No serious No serious ©®00
2 studies |, . . : : o . L None
trials serious  |inconsistency indirectness imprecision low
Outcome: The proportion of patients with one or more potential prescribing omissions
5 studies Randomised  |Very Verv serious No serious No serious None ®oe0
trials serious ¥ indirectness imprecision very low
Outcome: Hospital admissions
12 studies Randomised  |Very No serious Not estimable No serious Not 900
trials serious  |inconsistency imprecision estimable |jow
Outcome: Quality of life
12 studies Randomised  |Very No serious Not estimable No serious Not 900
trials serious  |inconsistency imprecision estimable |jow
Footnotes

t Indirectness includes consideration of:

- Indirect (between study) comparisons

- Indirect (surrogate) outcomes
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- Applicability (study populations, interventions or comparisons that are different than those of interest)

[1] Other considerations for downgrading include publication bias. Other considerations for upgrading include a strong
association with no plausible confounders, adose response relationship, and if all plausible confounders or biases would
decrease the size of the effect (if there is evidence of an effect), orincrease it if there is evidence of no harmful effect (safety)

$4 High = This research provides avery good indication of the likely effect. The likelihood that the effect will be substantially
different** is low.

3 Moderate = Thisresearch provides agoodindication of thelikely effect. The likelihood that the effect will be substantially
different** is moderate.

2Low =Thisresearch provides someindication ofthe likely effect. However, the likelihood that itwill be substantially
different** is high.

1 Verylow =This research does not provide areliable indication of the likely effect. The likelihood that the effect will be
substantially different** is veryhigh.

** Substantially different = a large enough difference that it might affect a decision
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1.1 Medication appropriateness (as measured by an implicit tool)

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bucci 2003 -0.74 242 38 -049 182 41 21.4% -0.25[-1.20,0.70) G
Crofty 20043 -41 576 3z -041 2863 39 206% -3.69 [-5.85,-1.53] e
Crofty 2004b -0.7 528 44 286 1036 44 19.2% -356[-7.00,-012)
Muth 2016 0.7 545 46 -02 517 47 20.6% 0.90 [-1.26, 3.08) 5 i
Spinewine 2007 -17 1568 96 1.98 13.21 90 18.2% -18.98[2314,-1482] —%—
Total (95% Cl) 256 261 100.0% -4.76 [9.20, -0.33) -
Heterogeneity: Tau®= 23.61; Chi*= 84 .48, df= 4 (P < 0.00001); F=95% -2:0 -1:0 S 1:0 2:0

Testfor overall effect Z=2.11 (P=0.04)

1.2 Medication appropriateness (as measured by an implicit tool) (excl Crotty 2004a)

Favours experimental Favours control

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% ClI
Bucci 2003 -0.74 242 38 -049 182 41 26.4% -0.251.20, 0.70)
Crotfty 2004h -0.7 528 44 286 1036 44 24.4% -3.56 [-7.00,-0.12)
Muth 2016 0.7 545 46 -02 547 47 257% 0.90 [-1.26, 3.06)
Spinewine 2007 17 1568 96 1.98 13.21 90 235% -18.98[23.14,-1482) —*—
Total (95% CI) 224 222 100.0% -5.16 [-11.04,0.72]
Heterogeneity: Tau®= 33.78; Chi*= 79.34, df= 3 (P = 0.00001), F= 96% _250 _150 0 110

Test for overall effect Z=1.72 (P=0.09)

Favours experimental Favours control

1.3 Medication appropriateness (as measured by an implicit tool) (excl Crotty 2004a and Spinewine 2007)

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Bucci 2003 -0.74 242 38 -049 182 41 503% -0.25[1.20,0.70]
Crotty 2004h -0.7 5.28 44 286 1036 44 183% -356[-7.00,-012]
Muth 2016 0.7 545 46 -02 517 47 31.4% 0.90 [-1.26, 3.06]
Total (95% CI) 128 132 100.0% -0.50[-2.27,1.28]

Heterogeneity: Tau®*=1.39; Chi*= 465, df=2 (P=0.10), F=57%

Test for overall effect Z=0.55 (P = 0.58)

1.4 The number of potentially inappropriate medications

-100 -50 0 50
Favours experimental Favours control

100

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% Cl IV, Random, 95% CI
Bladh 2011 016 049 164 015 043 181 161% 0.02[-0.19,0.23] —
Clyne 2015 061 07 95 1.03 08 91 13.0% -0.56 [-0.85, -0.26)
Garcia-Gollarte 2014 081 113 211 129 156 173 16.4% -0.36 [-0.56,-0.15) e
Koberlein-Meu 2016 0.32 0.26 59 03% 03 83 11.5% -0.25 [-0.58, 0.09] —
Pitkala 2014 0.29 053 93 027 047 96 13.2% 0.04 [-0.25,0.33) S
Schmader 2004 02 05 202 04 06 198 16.6% -0.36 [-0.56, -0.16) —
Spinewine 2007 0.03 017 96 0.04 0.1 90 13.2% -0.05 [-0.34, 0.24] —
Total (95% CI) 920 912 100.0% -0.22 [-0.38, -0.05] - -y
Heterogeneity: Tau®= 0.03; Chi*= 18.36, df= 6 (P = 0.005); F= 67% =1 IJ: 5 5 El:ﬁ 1'

Test for overall effect 2= 257 (P=0.01)
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1.5 The proportion of patients with one or more potentially inappropriate medications

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Clyne 2015 51 95 74 91 11.5% 0.66[0.53, 082 N
Dalleur 2014 30 74 K 72 9.8% 0.94 [0.64, 1.38] s T
Franchi 2016 165 347 137 350 11.8% 1.14 [0.96, 1.36] N i
Frankenthal 2014 42 126 61 126 106% 0.69[0.51,0483] —
Fried 2017 19 64 T 32 6.0% 1.36 [0.64, 2.89] =t
Gallagher 2011 22 180 90 178 9.4% 0.24 [0.16, 0.37] —_—
Garcia-Gollarte 2014 92 211 106 173 11.6% 0.71[0.59, 0.86] i
Haag 2016 B 11 a 11 7.4% 0.67 [0.36,1.22) —_—
Milos 2013 49 171 57 174 105% 0.87[0.64,1.20] = i
Spinewine 2007 3 96 4 90 2.5% 0.70[0.16, 3.06]
Thyrian 2017 [£s 291 19 116 9.0% 1.62[1.03, 2.54] i e
Total (95% Cl) 1666 1413 100.0% 0.79 [0.61,1.02] ’
Total events 546 595
Heterogeneity. Tau®=0.14, Chi*= 65.24, df=10 (P < 0.00001), F= 85% 0?2 U]fﬁ é é
Testfor overall effect Z=1.84 (P =0.07) Favours experimental Favours control
1.6 The proportion of patients with one or more potentially inappropriate medications (excl Spinewine 2007)
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Clyne 2015 51 95 74 81 11.8% 0.66 [0.53, 0.82] -
Dalleur 2014 30 74 3 72 10.0% 0.94 [0.64, 1.38] .
Franchi 2016 1565 347 137 350 12.0% 1.14 [0.96, 1.36] =3
Frankenthal 2014 42 126 61 126 109% 0.69 [0.51, 0.93] =
Fried 2017 19 64 7 32 6.2% 1.36 [0.64, 2.89] -1
Gallagher 2011 22 180 90 178 9.6% 0.24 [0.16, 0.37] —
Garcia-Gollarte 2014 92 211 106 173 11.9% 0.71 [0.59, 0.86] -
Haag 2016 B 11 9 11 7.6% 0.67 [0.36,1.22] =T
Milos 2013 49 171 57 174 10.7% 0.87 [0.64, 1.20] B
Thyrian 2017 i 27 19 116 9.2% 1.62[1.03, 2.54] =
Total (95% Cl) 1570 1323 100.0% 0.79 [0.61,1.02] &
Total events 543 591
Heterogeneity: Tau®= 0.14; Chi*= 65.20, df= 9 (P < 0.00001); F= 86% 50 01 051 150 100
Testfor overall efect Z=1.78 (F = 0.06) Favours experimental Favours control
1.7 The proportion of patients with one or more potentially inappropriate medications (excl Spinewine 2007 and Gallagher 2011)
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI
Clyne 2015 51 95 74 91 143% 0.66 [0.53, 0.82) -
Dalleur 2014 30 74 3 72 106% 0.94 [0.64, 1.38] . T
Franchi 2016 155 347 137 350 150% 1.14 [0.96, 1.36) ™
Frankenthal 2014 42 126 61 126 123% 0.69 [0.51, 0.93] e
Fried 2017 19 64 7 32 52% 1.36 [0.64, 2.89] -
Garcia-Gollarte 2014 92 21 106 173 146% 0.71 [0.58, 0.86) oy
Haag 2016 B 11 9 11 6.8% 067 [0.36,1.22) _T
Milos 2013 49 171 57 174 120% 0.87 [0.64, 1.20] Bl
Thyrian 2017 77 291 18 116 9.3% 1.62[1.03, 2.54] =
Total (95% Cl) 1390 1145 100.0% 0.88 [0.72,1.09] L ]
Total events 521 a0
Heterogeneity: Tau= 0.07; Chi*= 32.58, df= 8 (P < 0.0001); F= 75% b o s T8

Testfor overall effect Z=119 (P=0.24)
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1.8 The number of potential prescribing omissions

Experimental Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
Garcia-Gollarte 2014 013 D44 183 085 1.08 200 667% -0.86 [-1.07,-0.65] - -
Spinewine 2007 017 043 96 063 0.81 90 33.3% -0.71 [1.01,-0.42] ——
Total (95% Cl) 279 290 100.0% -0.81 [-0.98, -0.64] ‘
Heterogeneity: Tau®= 0.00; Chi*= 061, df=1 (P=043), F=0% "2 :1 ) 1" é
Testfor overall effect Z=9.27 (P < 0.00001) Favours experimental Favours control
1.9 The proportion of patients with one or more potential prescribing omissions
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% Cl M-H, Random, 95% CI
Frankenthal 2014 33 126 43 126 216% 077052112 T
Gallagher 2011 3] 180 47 178 18.0% 0.13[0.06, 0.29] ——
Garcia-Gollarte 2014 25 245 117 247 21.5% 0.22[0.15,0.32)] =
Haag 2016 7 11 5 11 18.4% 1.40[0.64, 3.07] —
Spinewine 2007 14 96 40 90 205% 0.33[0.19, 0.56] ——
Total (95% CI) 658 652 100.0% 0.40 [0.18, 0.85] -‘-
Total events 85 252
Heterogeneity: Tau®= 066, Chi*= 41.21, df= 4 (P < 0.00001); F=80% U,'DS ufz :'5 2-0

Test for overall effect. Z=2.38 (P=0.02)
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