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This was a rapid review of systematic reviews (SRs) on problematic polypharmacy

(PP) in the UK. The commissioner-defined topics were burden of PP, interventions

to reduce PP, implementation activities to increase uptake of interventions, and

efficient handover between primary and secondary care to reduce PP.

Databases including Medline were searched to June 2019, SR quality was assessed

using AMSTAR-2 (A MeaSurement Tool to Assess systematic Reviews) and a narrative

synthesis was undertaken.

Except for burden of PP (SRs had to include UK studies), there were no restrictions

on country, location of care or outcomes.

Nine SRs were included. On burden, three SRs (including six UK studies) found a high

prevalence of polypharmacy in long term care. PP was associated with mortality,

although unclear if causal, with no information on costs or health consequences.

On interventions, six reviews (27 UK studies) found that interventions can reduce

PP, but no effects on health outcomes. On handover between primary and secondary

care, one review (two UK studies) found medicine reconciliation activities to reduce

medication discrepancies at care transitions reduce PP, although the evidence is low

quality. No SRs on implementation activities to increase uptake of interventions

were found.

SR quality was variable, with some concerns regarding meta-analysis methods.

Evidence of the extent of PP in the UK, and what interventions to address it are

effective in the UK, is limited. Future UK research is needed on the prevalence and

consequences of PP, the effectiveness and cost-effectiveness of interventions to

reduce PP, and barriers and activities to ensure uptake.
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1 | INTRODUCTION

Medicines use is increasing in the UK as well as internationally.1

In England, from 2012/13 to 2015/16, the proportion of people

prescribed 5-7 medicines increased by 8% and, in those on 8 or more

medicines, by 3%.2 Extrapolating to the population, this amounts

to 4.8 million people on 5-7 medicines and 2.8 million people

on 8 or more medicines. Much of this multiple medicine use

(ie, polypharmacy) may be appropriate, but some patients may be

exposed to problematic polypharmacy, also known as overprescribing.

Problematic polypharmacy refers to the use of multiple medicines

inappropriately or without the intended benefit.3 Examples include

contraindicated drugs, potential for drug interactions or prescribing a

drug that has caused adverse drug reactions in the past.3

Problematic polypharmacy is a key area of concern for the

NHS and UK policy makers. For example, to address problematic

polypharmacy, NHS England announced in 2019 that it is recruiting

200 clinical pharmacists to work in care homes and plans to increase

the number of clinical pharmacists working in primary care over the

coming years.4

In 2018, the UK Secretary of State for Health commissioned the

Short Life Working Group (SLWG) on Overprescribing to conduct a

Review.5 The SLWG Review will consider problematic polypharmacy,

handover between primary and secondary care, management of

repeat prescriptions, digital technologies and social prescribing. Social

prescribing is a term used in the UK for a referral to a link worker. The

link worker helps people to improve their wellbeing (rather than

focusing only on their health) by connecting them to community

groups and services.6 To inform this Review, the Department of

Health and Social Care (DHSC) commissioned the present study to

summarise the evidence on problematic polypharmacy and propose

areas for future research.

The a priori defined topics and associated research questions for

the present study, agreed between the DHSC and the Short Life

Working Group on Overprescribing, were:

• Burden of problematic polypharmacy: What is the prevalence

(and/or incidence), what are the costs to the NHS and what

are the health consequences of polypharmacy and problematic

polypharmacy in the UK?

• Interventions to reduce problematic polypharmacy: What is the

effectiveness of interventions to reduce problematic polypharmacy,

with specific focus on deprescribing guidelines, routine data and

digital technologies?

• Implementation activities to increase uptake of interventions to

reduce problematic polypharmacy: What is the effectiveness of

implementation activities to increase the uptake of interventions

that reduce problematic polypharmacy, with specific focus on

activities to increase shared decision making?

• Efficient handover between primary and secondary care to reduce

problematic polypharmacy: What is the effectiveness of medicine

reconciliation interventions to reduce discrepancies in medication

in people at risk of problematic polypharmacy?

2 | METHODS

2.1 | Overview

Given the wide range of commissioned topics and questions, and the

two-month timeframe to present the findings to the DHSC, a rapid

review of existing systematic reviews in problematic polypharmacy

was undertaken. The study was undertaken in accordance with

the current Preferred Reporting Items for Systematic Reviews and

Meta-Analysis (PRISMA) guidelines.7 The protocol for the rapid

review is registered with PROSPERO (CRD42019141295).

2.2 | Searches

MEDLINE (via Ovid), Embase (via Ovid) and Cochrane Database of

Systematic reviews (via Wiley) were searched to June 2019 to identify

systematic reviews on problematic polypharmacy. The search was

limited to systematic reviews, in English, published in the last 10 years

and in people aged 65 years and over. The search did not look for

evidence on specific activities/interventions given that none were

pre-specified by the SLWG. A copying of the MEDLINE search

strategy is presented in Appendix 1.

2.3 | Inclusion and exclusion criteria

Systematic reviews were included if they were full-text, peer-reviewed

publications that evaluated any of the four topics (burden of problematic

polypharmacy, interventions to reduce problematic polypharmacy,

implementation activities to increase uptake of interventions to reduce

What is already known about this subject

• Problematic polypharmacy is a concern for UK health

policy.

• In 2018, the UK Secretary of State for Health

commissioned a review into overprescribing in the NHS,

including problematic polypharmacy.

• This study informs this review by summarising the

existing evidence on problematic polypharmacy and

proposing areas for future research.

What this study adds

• Existing systematic reviews include few UK studies on

problematic polypharmacy.

• They provide very little information on the extent of

problematic polypharmacy and what interventions to

address it are effective in the UK.

• Problematic polypharmacy in the UK is now an area

requiring further research to help inform UK health policy.
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problematic polypharmacy, and efficient handover between primary

and secondary) and associated research questions for this rapid review.

The burden of problematic polypharmacy was defined as consequences

on health (measured with any health outcome measures, but with

specific attention to health-related quality of life and mortality), resource

use or costs.

Problematic polypharmacy was defined in accordance with the

definition provided by the King's Fund as “prescribing of multiple

medications inappropriately, or where the intended benefit of the

medication is not realised”.3 Where no systematic review using this

definition was available for a specific research question, other

systematic reviews were eligible for inclusion as long as their focus

was on problematic polypharmacy.

Only systematic reviews that were awarded a “yes” on four of the

AMSTAR-2 (A MeaSurement Tool to Assess systematic Reviews) quality

checklist criteria8 were included, as follows: the search strategies

were comprehensive, data extraction was performed in duplicate, a

satisfactory technique was used to assess study quality, and the

included studies were described in adequate detail. We considered

these criteria important in the context of the reproducibility of the

review, the accuracy of the data it contains, interpretation of the quality

of the evidence included and the transparency of the review findings.

There were no restrictions on country, except to inform the

topic on burden of problematic polypharmacy (where reviews had to

include UK studies), no restrictions in the location of care and no

restrictions on outcomes.

2.4 | Study selection and data extraction

One reviewer screened the records to identify the included studies and

undertook the data extraction and quality assessment. A second

independent reviewer checked the extracted data (including the quality

assessment) against the publications for accuracy. Data that were

extracted included the review question, the patient population and/or

setting, the number of included studies and the number conducted in the

UK, interventions and comparators (where appropriate), outcomes and

information to inform the AMSTAR-2 assessment for this rapid review. A

copy of the extracted data from the included systematic reviews is

presented in Appendix 2. As this was a rapid review, details of the

included UK studies were extracted directly intoTable 1 (Appendix 3).

2.4.1 | Quality assessment

We assessed the methodological quality of included systematic

reviews using the AMSTAR-2 checklist.8

2.5 | Synthesis

A narrative evidence synthesis was undertaken. No meta-analysis

was planned. A GRADE (Grading of Recommendations Assessment,

Development and Evaluation) was not planned.

3 | RESULTS

3.1 | Study selection

The PRISMA flow diagram of the study selection process is presented

in Figure 1. Following deduplication, 481 unique records were

identified, 459 of which were excluded at the title/abstract screen.

Twenty-two potentially relevant full-text articles were obtained, 12 of

which were excluded. The table of the 12 articles excluded at the

full-text stage, with reason for exclusion, is presented in Appendix 3.

Of the 12 articles, five were excluded based on the quality assessment

criteria for inclusion in this rapid review. Details of the quality

assessment judgements for exclusion, along with the topic covered by

the excluded reviews, are also presented in Appendix 3. Nine

systematic reviews (across 10 publications) were included in this

rapid review.9,10,13,16,18,19,24,32,48,49

3.2 | Overview of included studies

All of the included systematic reviews were international, with most

including some UK studies. Table 1 summarises the systematic

reviews by topic, including the number of included studies, the

definition of polypharmacy for studies to be included, the number

of included studies conducted in the UK and the key findings of

each systematic review. Where UK studies were included in a

systematic review, a brief summary of each UK study is also

presented in Table 1. Studies were considered to be in the UK if

they were set in England and/or Wales and/or Scotland and/or

Northern Ireland (but not if the systematic review indicated the

study as being in Ireland).

None of the included systematic reviews reported using the

King's Fund definition of polypharmacy for included studies.3 Six of

the systematic reviews did not report any definition of polypharmacy

for included studies.13,16,18,19,24,32,48 Two systematic review defined

polypharmacy as ≥four medications,9,49 and one define polypharmacy

as ≥five medications.10

3.3 | Burden of problematic polypharmacy: Findings

Three systematic reviews were on the topic of the burden of

problematic polypharmacy.18,24,32 Jokanovic et al24 evaluated the

prevalence of, and the factors associated with, polypharmacy in

people living in long-term care facilities. The review included

44 studies, three of which were UK studies.11,12,14 Leelakanok et al32

undertook a systematic review and meta-analysis on the association

between polypharmacy and mortality risk in various populations

and settings. The review included 47 studies, two of which were in

the UK.38,39 Hill-Taylor et al18 (previous review to the 2016 update18)

evaluated the prevalence of potentially inappropriate prescribing

(PIP) in older adults and the effectiveness of the application of

the Screening Tool of Older Persons' potentially inappropriate

prescriptions/Screening Tool to Alert doctors to the Right Treatment

(STOPP/START). It included 13 studies, one of which was in the UK.15

44 MARTYN-ST JAMES ET AL.
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Both Jokanovic et al24 and Leelakanok et al32 suggested that

there is no consensus in the literature on the definition of

polypharmacy. Jokanovic et al18 found that the prevalence of

polypharmacy in people residing in long-term care facilities was high.

Leelakanok et al32 found that polypharmacy is associated with greater

risk of death, although this may not reflect a causal effect due to

confounding in the meta-analysis. Hill-Taylor et al18 found that the

prevalence of PIPs varied and that higher prevalence was associated

with older age, female sex, polypharmacy and comorbidities. The

review found some evidence on direct costs of PIP outside of the

UK (Table 1),17,20,21 but not cost-effectiveness.

3.4 | Burden of problematic polypharmacy: Quality
assessment

Table 2 presents the results from the AMSTAR-2 quality assessment.

The AMSTAR-2 quality assessment indicated some limitations relating

to lack of clarity on an a priori protocol,24,32 sources of funding of the

included studies24,32 and details on the excluded studies.24,32 There

were also AMSTAR-2 quality limitations in the meta-analysis by

Leelakanok et al,32 in that estimates from different study designs,

analytical approaches and quantities were pooled together. Hence,

the results of their review should be interpreted as evidence of

association, albeit uncertain, and not as evidence of a causal effect.

Furthermore, the authors did not clearly define the inclusion criteria

for studies, report on the study selection process or consider study

quality in the meta-analysis.

3.5 | Interventions to reduce problematic
polypharmacy: Findings

Six systematic reviews were on the topic of interventions to reduce

problematic polypharmacy,9,13,16,18,19,48,49 one of which was on the

effectiveness of deprescribing guidelines to reduce problematic

F IGURE 1 PRISMA 2009 flow diagram
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polypharmacy.13 No systematic reviews were found that evaluated

the effectiveness of using routine data to reduce problematic

polypharmacy or the effectiveness of digital technologies to reduce

problematic polypharmacy.

Clyne et al16 evaluated the effectiveness of interventions to

reduce PIP in community-dwelling older adults. The review

included 12 studies, none of which were undertaken in the

UK. Page et al48 evaluated the safety, effectiveness and feasibility

of deprescribing interventions on mortality and other health

outcomes. The review included 115 studies, 15 of which were UK

studies on deprescribing.22,23,25–31,33–40 Hill-Taylor et al19 evaluated

the effectiveness of the STOPP/START criteria (likely to be version

141 from the dates of the included studies). The review included

four studies (one of which was in also in Hill Taylor18), none of

which were undertaken in the UK. Kua et al13 evaluated the

effectiveness of deprescribing on polypharmacy in people living

in nursing homes. The review included 41 studies, eight of

which were UK studies evaluating discontinuation,25,26 medication

review,42–45 education training and support on alternatives,46 and

adverse drug reaction profiling.47 Rankin et al49 evaluated the

effectiveness of interventions to improve the appropriate use of

polypharmacy and reduce medication-related problems in older

people. The review included 32 studies, none of which were

undertaken in the UK.

All of these systematic reviews found that the interventions

they evaluated were effective at reducing problematic

polypharmacy.13,16,19,48,49

Hill-Taylor et al18,19 also concluded that the STOPP/START

criteria could be useful to help identify people at risk of potentially

inappropriate prescribing, but concluded that more research is

required on its feasibility and effectiveness.

Johansson et al9 undertook a systematic review and meta-

analysis of the effectiveness of interventions to reduce polypharmacy

on mortality, hospitalisation and number of drugs in elderly patients

and included 25 studies. The review included four UK studies on

medication review45,50,51 and pharmaceutical care programmes.52 The

review found no effect on all-cause mortality, as did Page et al48 and,

to some extent, Kua et al.13 Both Johansson et al9 and Clyne et al16

also found that there was no clear evidence of an effect on clinically

relevant patient outcomes.

From a safety perspective, Page et al48 found no evidence to

suggest that deprescribing increases the risk of adverse outcomes.

From the reviews by Page et al,48 Kua et al13 and Rankin et al,49 the

evidence was mixed on the effect on disease-specific outcomes,

quality of life and hospitalisations.

3.6 | Interventions to reduce problematic
polypharmacy: Quality assessment

The AMSTAR-2 quality assessment indicated some limitations relating

to lack of clarity on an a priori protocol,13 sources of funding of the

included studies13,16,49 and details on the excluded studies.13,16,18,19T
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There were also AMSTAR-2 quality limitations in the meta-analysis

by Kua et al13 given the choice of fixed-effects (rather the random-

effects) in the presence of statistical heterogeneity. None of the

five reviews presenting a meta-analysis considered study quality in

the analysis.13,18,19,48,49

3.7 | Implementation activities to improve uptake
of interventions to reduce problematic polypharmacy

No systematic reviews were found on this topic.

3.8 | Efficient handover between primary and
secondary care to reduce problematic polypharmacy:
Findings

One of the included systematic reviews was on the topic of efficient

handover between primary and secondary care to reduce problematic

polypharmacy.10

Redmond et al evaluated the effectiveness of medicines

reconciliation on medication discrepancies, patient-related outcomes

and healthcare utilisation during care transitions. The review included

25 studies, two of which were undertaken in the UK. One UK study

evaluated a standardised operating procedure based on hospital

guidelines to deliver medication53 and the other evaluated a

medicines reconciliation intervention.54 The review found that the

interventions implemented in the included studies reduced medication

discrepancies at care transitions, although the evidence was deemed

to have very low certainty. There was little or no effect on

adverse drug events, preventable adverse drug events or health care

utilisation, although these findings are also uncertain due to the

methodological quality of the primary studies observed by the

review authors. The review authors also identified the possibility of a

publication bias in the review.

3.9 | Efficient handover between primary and
secondary care to reduce problematic polypharmacy:
Quality assessment

The AMSTAR-2 quality assessment (Table 2) indicated some

limitations relating to sources of funding of the included studies and

consideration of study quality in the meta-analysis.

4 | DISCUSSION

4.1 | Summary of findings

This rapid review summarised the evidence on problematic

polypharmacy related to burden, interventions and handover between

primary and secondary care. The rapid review included nineT
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systematic reviews: three on the burden of problematic

polypharmacy,18,24,32 six on interventions to reduce problematic

polypharmacy,9,13,16,18,19,48,49 and one on efficient handover between

primary and secondary care to reduce problematic polypharmacy.10

All reviews were international, with most including some UK studies.

No systematic reviews were found on implementation activities to

increase uptake of interventions to reduce problematic polypharmacy.

For the topic of the burden of problematic polypharmacy, the

evidence from one review suggests that the prevalence of

polypharmacy in people residing in long-term care facilities is high,

although it varies widely by country, setting and definition of how

many medicines constitute polypharmacy.24 The UK studies in the

review found that the majority of people in long-term care facilities

were on multiple medicines.11,12,14 The evidence on the association

between polypharmacy and greater mortality risk was mostly

international. However, due to confounding bias in the evidence, any

association is unlikely to reflect a causal effect. From one systematic

review,18 three studies were found on the costs due to problematic

polypharmacy, but none was in the UK.17,20,21 For these reasons, the

prevalence of polypharmacy and problematic polypharmacy, and

the costs and health consequences due to problematic polypharmacy

in the UK remain unclear.

For the topic of interventions to reduce problematic polypharmacy,

the evidence suggests that the interventions can reduce problematic

polypharmacy, although reductions in the number of medicines are

more uncertain. Deprescribing and other interventions to reduce

problematic polypharmacy appear to have no effect on all-cause

mortality, but there is no clear evidence of an effect on other clinically

relevant outcomes, quality of life and hospitalisations.

For the topic of efficient handover between primary and secondary

care to reduce problematic polypharmacy, there is some evidence

that medicine reconciliation activities reduce medication discrepancies

at care transitions, although the quality of the evidence is low.

4.2 | Summary of methodological quality

Across all topics and reviews, the AMSTAR-2 quality assessment was

variable, with limitations observed relating to lack of clarity on an a

priori protocol, sources of funding of the included studies, details

of excluded studies and consideration of study quality in the

meta-analysis (where undertaken).

For one systematic review on the topic of the burden of

problematic polypharmacy32 and one on the topic of interventions to

reduce problematic polypharmacy,13 there were also some

concerns with the AMSTAR-2 domain regarding the methods for the

meta-analysis, indicating that the results from these reviews should

be interpreted with caution.

4.3 | Areas for future research

For the topic of the burden of problematic polypharmacy, as the

existing systematic reviews suggest that there is no consensus in the

literature on the definition of polypharmacy, the prevalence of

polypharmacy in people residing in long-term care facilities is high and

there may be an association between polypharmacy and mortality risk

in various populations and settings, further research is warranted:

• To estimate the prevalence of polypharmacy and the prevalence of

problematic polypharmacy in all UK settings, according to a

definition that represents the current expert consensus.

• To identify the factors that predict problematic polypharmacy in

the UK with the aim of routinely identifying people at risk of

problematic polypharmacy and who should be prioritised for

interventions to reduce problematic polypharmacy.

• To estimate the causal effect of problematic polypharmacy on

costs and on health outcomes; in other words, what would have

been the costs and health outcomes of a group of people exposed

to problematic polypharmacy had they not been exposed to

problematic polypharmacy?

This could be undertaken by further systematic review work,

including an update of the existing reviews to identify further UK

studies, along with further primary investigation studies undertaken in

the UK. Further work could also involve using routinely collected

electronic health records to estimate prevalence of problematic

polypharmacy, identify predictive factors and infer causal effects.

For the topic of interventions to reduce problematic

polypharmacy, given that the existing systematic reviews have found

that, although the interventions were effective at reducing

problematic polypharmacy there is no clear evidence of an effect on

clinically relevant patient outcomes, the areas for future research are:

• The comparative effectiveness of each intervention to reduce

problematic polypharmacy, considering the quality of the primary

studies and their generalisability to the UK and considering the role

of routine data and digital technologies. Answering this research

question could involve an update of the existing reviews.

• To estimate the resources and costs required to implement and

run the various interventions.

• To estimate the cost-effectiveness of the interventions, with

cost-effectiveness modelling of the long-term costs and health

outcomes of current practice with or without interventions, given

the prevalence of problematic polypharmacy, the consequences

of problematic polypharmacy on costs and health outcomes,

and the effectiveness of interventions in reducing problematic

polypharmacy.

Given the lack of systematic review evidence on implementation

activities to increase uptake of interventions to reduce problematic

polypharmacy, future research (both systematic review and primary

research) could explore the following areas:

• To understand the extent to which interventions to reduce

problematic polypharmacy are used in the UK and, if uptake is

suboptimal, to identify the barriers to uptake and the implementation

activities that could address these.
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• To review the literature and conduct evidence synthesis to estimate

the comparative effectiveness of the relevant implementation

activities in changing uptake, considering the quality of the primary

studies, their design (eg, pragmatic trials) and their generalisability to

the UK. Future reviews should prespecify the implementation

activities on which evidence is sought on (eg, electronic decision

support tools, tools for shared decision-making, etc)

• To conduct cost-effectiveness modelling of the value of

implementation given the current uptake, the effectiveness of

implementation activities, the cost-effectiveness of interventions

to reduce problematic polypharmacy and the prevalence of

problematic polypharmacy.

For the topic of efficient handover between primary and

secondary care to reduce problematic polypharmacy, an update of the

single systematic review of medicines reconciliation could be

undertaken to identify further UK studies on this topic and to inform

further primary research to consider, in addition to effectiveness,

effect on adverse drug events, preventable adverse drug events,

cost and healthcare utilisation, alongside consideration of the

generalisability of the studies and feasibility of interventions to the

UK setting. Further systematic reviews of other interventions for

efficient handover between primary and secondary care to reduce

problematic polypharmacy could also be undertaken.

4.4 | Strengths and limitations

Given the time and resource constraints, this rapid review does have

some limitations. Due to single reviewer study selection, it is possible

that eligible systematic reviews may have been missed at the study

selection stage. The systematic review searches were highly specific,

which may have also led to some relevant systematic reviews being

missed. We adopted an abbreviated rapid review method in selecting

and searching fewer, but relevant databases. The impact of searching

beyond three databases was not investigated. Also, the search date

restriction may have missed some key primary publications on

medication reconciliation and problematic polypharmacy, although

many of the reviews included studies published since the year 2000

and before.

Our rapid review methods, in which we abbreviated certain

methodological aspects of the systematic review process, offered a

pragmatic alternative to a systematic review, given the wide range of

commissioned topics and questions, and the two-month timeframe to

present the findings to the DHSC. Time permitting, a systematic

review applying Heath Technology Assessment methods would have

been considered. However, the rapid review approach allowed us to

summarise the literature on the topics of interest and identify the

areas where more research is required.

The systematic reviews included in this rapid review were not

solely UK focused. As such, we included systematic reviews using any

definition of polypharmacy, where the King's Fund definition was not

used for selecting included studies. Definitions of polypharmacy used

by reviews were often not reported or varied in the number of

medications. Due to the time constraints of this commissioned

rapid review, we were unable to extract the polypharmacy definitions

of the included UK studies.

The systematic reviews included in the rapid review were

published between 2013 and 2019, with searches undertaken some

months prior to publication. As such, more recent evidence on the

topics for this rapid review will not have been captured, and we were

unable to supplement our rapid review with updated searches to iden-

tify newer evidence.

5 | CONCLUSIONS

This rapid review has summarised the evidence from existing

systematic reviews on the burden of polypharmacy, interventions to

reduce it and efficient handover between primary and secondary care

to reduce it. No systematic reviews were found that evaluated the

effectiveness of using routine data to reduce problematic

polypharmacy, the effectiveness of digital technologies to reduce

problematic polypharmacy or implementation activities to improve

uptake of interventions. Most reviews included some UK studies.

The conclusions from this rapid review are that across existing

systematic reviews there is no consensus in the primary evidence

base on the definition of polypharmacy, the prevalence of

polypharmacy in people residing in long-term care facilities is high and

associated with greater mortality risk (although the link is unlikely to

be causal), interventions to reduce problematic polypharmacy are

effective but there is no evidence on clinically relevant patient

outcomes, and there is some evidence that medicine reconciliation

activities reduce medication discrepancies at care transitions, although

the evidence has very low certainty.

In the UK, the prevalence of polypharmacy has increased

over time. Problematic polypharmacy is a key area of interest for

UK health policy. The systematic reviews included here provide

very little reliable information on the extent of problematic

polypharmacy in the UK, what interventions to address it are

effective and the cost-effectiveness of interventions in the UK

setting. There are also methodological issues with the existing

systematic reviews, alongside the age of the existing systematic

review searches. Therefore, a number of research questions are

proposed to address the evidence gaps and to help directly inform

UK policy on the topic.
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APPENDIX 1

Pragmatic Medline search strategy

# Searches

1 Polypharmacy/

2 Polypharma*.Ti,ab.

3 Polytherap*.Ti,ab.

4 ((multi-drug* or multidrug*) adj2 (prescrib* or prescription* or therap* or treatment*)).Ti,ab.

5 Inappropriate prescribing/

6 Potentially inappropriate medication list/

7 ((inappropriat* or unnecessary or multipl*) adj2 (medicine* or medicat* or prescrib* or prescription* or drug*)).Ti,ab.

8 ((over adj1 (prescrib* or prescript*)) or (over-prescrib* or overprescrib*)).Ti,ab.

9 Deprescriptions/

10 (deprescrib* or deprescript*).Ti,ab.

11 Or/1-10

12 MEDLINE.Tw.

13 Systematic review.tw.

14 Meta analysis.pt.

15 12 or 13 or 14

16 11 and 15

17 Limit 16 to elderly

18 Limit 17 to (English language and yr = “2009 -current”)
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Study (to reorder once referenced) Reason for exclusion

Clyne et al56 Did not meet quality assessment criteria for inclusion

Gutierrez Valencia et al57 Did not meet quality assessment criteria for inclusion

Tani et al58 Did not meet quality assessment criteria for inclusion

Thillainadesan et al59 Did not meet quality assessment criteria for inclusion

Tija et al60 Did not meet quality assessment criteria for inclusion

Disalvo et al61 Not a topic of interest

Palmer et al62 Not a topic of interest

Patton et al63 Not a topic of interest

Piraino et al64 Not a topic of interest

Stewart et al65 Not a question of interest

Thompson et al66 Not a question of interest

Ulley et al67 Not a question of interest

APPENDIX 3: STUDIES EXCLUDED AT THE FULL-TEXT STAGE WITH REASON

AMSTAR-2 quality assessment judgements for exclusion (“yes” required for all domains for inclusion)

Study Topic
Comprehensive search
strategy

Duplicate data
extraction

Quality
assessment

Study
description

Clyne et al56 Effectiveness of interventions to

reduce PP

Yes Cannot tell Cannot tell Yes

Gutierrez Valencia

et al57
Effectiveness of interventions to

reduce PP

Yes Yes Cannot tell Yes

Tani et al58 Effectiveness of interventions to

reduce PP

Yes Cannot tell No Yes

Thillainadesan

et al59
Effectiveness of interventions to

reduce PP

Yes No Yes Yes

Tija et al60 Effectiveness of interventions to

reduce PP

Yes Yes No Yes

aPP, problematic polypharmacy.
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