
Cochrane
Library

 

Cochrane Database of Systematic Reviews

 
Interventions to improve the appropriate use of polypharmacy for
older people (Review)

 

  Cole JA, Gonçalves-Bradley DC, Alqahtani M, Barry HE, Cadogan C, Rankin A, Patterson SM,
Kerse N, Cardwell CR, Ryan C, Hughes C

 

  Cole JA, Gonçalves-Bradley DC, Alqahtani M, Barry HE, Cadogan C, Rankin A, Patterson SM, Kerse N, Cardwell CR, Ryan C,
Hughes C. 
Interventions to improve the appropriate use of polypharmacy for older people. 
Cochrane Database of Systematic Reviews 2023, Issue 10. Art. No.: CD008165. 
DOI: 10.1002/14651858.CD008165.pub5.

 

  www.cochranelibrary.com  

Interventions to improve the appropriate use of polypharmacy for older people (Review)
 

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

https://doi.org/10.1002%2F14651858.CD008165.pub5
https://www.cochranelibrary.com


Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

T A B L E   O F   C O N T E N T S

ABSTRACT..................................................................................................................................................................................................... 1

PLAIN LANGUAGE SUMMARY....................................................................................................................................................................... 2

SUMMARY OF FINDINGS.............................................................................................................................................................................. 4

BACKGROUND.............................................................................................................................................................................................. 7

OBJECTIVES.................................................................................................................................................................................................. 9

METHODS..................................................................................................................................................................................................... 9

RESULTS........................................................................................................................................................................................................ 12

Figure 1.................................................................................................................................................................................................. 13

Figure 2.................................................................................................................................................................................................. 18

Figure 3.................................................................................................................................................................................................. 19

Figure 4.................................................................................................................................................................................................. 21

DISCUSSION.................................................................................................................................................................................................. 25

AUTHORS' CONCLUSIONS........................................................................................................................................................................... 28

ACKNOWLEDGEMENTS................................................................................................................................................................................ 29

REFERENCES................................................................................................................................................................................................ 31

CHARACTERISTICS OF STUDIES.................................................................................................................................................................. 42

DATA AND ANALYSES.................................................................................................................................................................................... 142

Analysis 1.1. Comparison 1: Postintervention analysis, Outcome 1: Medication appropriateness (as measured by an implicit
tool)........................................................................................................................................................................................................

143

Analysis 1.2. Comparison 1: Postintervention analysis, Outcome 2: Medication appropriateness (as measured by an implicit
tool) (excluding Crotty 2004a)..............................................................................................................................................................

144

Analysis 1.3. Comparison 1: Postintervention analysis, Outcome 3: Number of potentially inappropriate medications............... 144

Analysis 1.4. Comparison 1: Postintervention analysis, Outcome 4: Proportion of patients with one or more potentially
inappropriate medication.....................................................................................................................................................................

145

Analysis 1.5. Comparison 1: Postintervention analysis, Outcome 5: Number of potential prescribing omissions.......................... 145

Analysis 1.6. Comparison 1: Postintervention analysis, Outcome 6: Proportion of patients with one or more potential prescribing
omission.................................................................................................................................................................................................

146

ADDITIONAL TABLES.................................................................................................................................................................................... 146

APPENDICES................................................................................................................................................................................................. 164

WHAT'S NEW................................................................................................................................................................................................. 179

HISTORY........................................................................................................................................................................................................ 179

CONTRIBUTIONS OF AUTHORS................................................................................................................................................................... 180

DECLARATIONS OF INTEREST..................................................................................................................................................................... 180

SOURCES OF SUPPORT............................................................................................................................................................................... 181

DIFFERENCES BETWEEN PROTOCOL AND REVIEW.................................................................................................................................... 181

INDEX TERMS............................................................................................................................................................................................... 182

Interventions to improve the appropriate use of polypharmacy for older people (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

i



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

[Intervention Review]

Interventions to improve the appropriate use of polypharmacy for older
people

Judith A Cole1, Daniela C Gonçalves-Bradley2, Mubarak Alqahtani3, Heather E Barry3, Cathal Cadogan4, Audrey Rankin3, Susan M

Patterson5, Ngaire Kerse6, Chris R Cardwell7, Cristin Ryan4, Carmel Hughes3

1Clinical Trial Service Unit, University of Oxford, Oxford, UK. 2Center for Health Technology and Services Research (CINTESIS), Porto,

Portugal. 3School of Pharmacy, Queen's University Belfast, Belfast, UK. 4School of Pharmacy and Pharmaceutical Sciences, Trinity

College Dublin, Dublin, Ireland. 5No aHiliation, Portaferry, UK. 6Department of General Practice and Primary Health Care, University of

Auckland, Auckland, New Zealand. 7Centre for Public Health, Queen's University Belfast, Belfast, UK

Contact: Carmel Hughes, c.hughes@qub.ac.uk.

Editorial group: Cochrane EHective Practice and Organisation of Care Group.
Publication status and date: New search for studies and content updated (conclusions changed), published in Issue 10, 2023.

Citation: Cole JA, Gonçalves-Bradley DC, Alqahtani M, Barry HE, Cadogan C, Rankin A, Patterson SM, Kerse N, Cardwell CR, Ryan C,
Hughes C. Interventions to improve the appropriate use of polypharmacy for older people. Cochrane Database of Systematic Reviews
2023, Issue 10. Art. No.: CD008165. DOI: 10.1002/14651858.CD008165.pub5.

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

A B S T R A C T

Background

Inappropriate polypharmacy is a particular concern in older people and is associated with negative health outcomes. Choosing the best
interventions to improve appropriate polypharmacy is a priority, so that many medicines may be used to achieve better clinical outcomes
for patients. This is the third update of this Cochrane Review.

Objectives

To assess the eHects of interventions, alone or in combination, in improving the appropriate use of polypharmacy and reducing
medication-related problems in older people.

Search methods

We searched CENTRAL, MEDLINE, Embase, CINAHL and two trials registers up until 13 January 2021, together with handsearching of
reference lists to identify additional studies. We ran updated searches in February 2023 and have added potentially eligible studies to
'Characteristics of studies awaiting classification'.

Selection criteria

For this update, we included randomised trials only. Eligible studies described interventions aHecting prescribing aimed at improving
appropriate polypharmacy (four or more medicines) in people aged 65 years and older, 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

Four review authors independently reviewed abstracts of eligible studies, and two authors extracted data and assessed the risk of bias of
the included studies. We pooled study-specific estimates, and used a random-eHects model to yield summary estimates of eHect and 95%
confidence intervals (CIs). We assessed the overall certainty of evidence for each outcome using the GRADE approach.
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Main results

We identified 38 studies, which includes an additional 10 in this update. The included studies consisted of 24 randomised trials and 14
cluster-randomised trials. Thirty-six studies examined complex, multi-faceted interventions of pharmaceutical care (i.e. the responsible
provision of medicines to improve patients' outcomes), in a variety of settings. Interventions were delivered by healthcare professionals
such as general physicians, pharmacists, nurses and geriatricians, and most were conducted in high-income countries. Assessments using
the Cochrane risk of bias tool found that there was a high and/or unclear risk of bias across a number of domains. Based on the GRADE
approach, the overall certainty of evidence for each pooled outcome ranged from low to very low.

It is uncertain whether pharmaceutical care improves medication appropriateness (as measured by an implicit tool) (mean diHerence (MD)

-5.66, 95% confidence interval (CI) -9.26 to -2.06; I2 = 97%; 8 studies, 947 participants; very low-certainty evidence). It is uncertain whether
pharmaceutical care reduces the number of potentially inappropriate medications (PIMs) (standardised mean diHerence (SMD) -0.19, 95%

CI -0.34 to -0.05; I2 = 67%; 9 studies, 2404 participants; very low-certainty evidence). It is uncertain whether pharmaceutical care reduces

the proportion of patients with one or more PIM (risk ratio (RR) 0.81, 95% CI 0.68 to 0.98; I2 = 84%; 13 studies, 4534 participants; very low-
certainty evidence). Pharmaceutical care may slightly reduce the number of potential prescribing omissions (PPOs) (SMD -0.48, 95% CI

-1.05 to 0.09; I2 = 92%; 3 studies, 691 participants; low-certainty evidence), however it must be noted that this eHect estimate is based on
only three studies, which had serious limitations in terms of risk of bias. Likewise, it is uncertain whether pharmaceutical care reduces

the proportion of patients with one or more PPO (RR 0.50, 95% CI 0.27 to 0.91; I2 = 95%; 7 studies, 2765 participants; very low-certainty
evidence).

Pharmaceutical care may make little or no diHerence to hospital admissions (data not pooled; 14 studies, 4797 participants; low-certainty
evidence). Pharmaceutical care may make little or no diHerence to quality of life (data not pooled; 16 studies, 7458 participants; low-
certainty evidence). Medication-related problems were reported in 10 studies (6740 participants) using diHerent terms (e.g. adverse drug
reactions, drug-drug interactions). No consistent intervention eHect on medication-related problems was noted across studies. This also
applied to studies examining adherence to medication (nine studies, 3848 participants).

Authors' conclusions

It is unclear whether interventions to improve appropriate polypharmacy resulted in clinically significant improvement. Since the last
update of this review in 2018, there appears to have been an increase in the number of studies seeking to address potential prescribing
omissions and more interventions being delivered by multidisciplinary teams.

P L A I N   L A N G U A G E   S U M M A R Y

A review of the ways healthcare professionals can make sure older people are given suitable medicines

What is the aim of this review?

The aim of this Cochrane Review was to find out whether any approaches can improve the use of suitable medicines in older people.
Researchers collected and analysed all relevant studies to answer this question and included 38 trials in the review.

Key messages

Taking medicine to treat symptoms of chronic illness and to prevent worsening of disease is common in older people. However, taking too
many medicines can cause harm. Following our analyses, we are uncertain whether the interventions we studied improve the correct use
of medicines. We need more and better research to consider these issues.

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
eHective and safest medicines for their illness. Actions taken included providing a service, known as pharmaceutical care. This involves
promoting the correct use of medicines by identifying, preventing and resolving medication-related problems. Another strategy that we
were interested in was using computerised decision support. This involves a program on the doctor’s computer that aids the selection of
appropriate treatment(s) or strategies - and can involve diHerent healthcare professionals working together.

What are the main results of the review?

The review authors found 38 relevant trials from 19 countries that involved 18,073 older people. These studies compared interventions
aiming to improve the appropriate use of many medicines with usual care. It is uncertain whether the interventions improved the correct
use of medicines. AQer analysing all the studies, we were not able to conclude that the interventions improved the appropriateness of
medicines (based on scores assigned by expert professional judgement) or reduced the number of potentially inappropriate medicines
(medicines in which the harms outweigh the benefits). We were also not able to say whether the interventions reduced the proportion
of patients with one or more potentially inappropriate medication or reduced the proportion of patients with one or more potential
prescribing omission (cases where a useful medicine has not prescribed). This is because of the quality of the evidence. However, compared
to the last update of this review, there were more studies focusing on potential prescribing omissions and more studies involving a number
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of healthcare professionals working together. In addition, we found that the interventions may lead to little or no diHerence in hospital
admissions or quality of life.

What are the limitations of the evidence?

The quality of the studies was low and there were substantial diHerences in the patient populations, how the appropriateness of
medications was measured and the interventions that were delivered.

How up-to-date is this review?

Review authors searched for studies that had been published up to January 2021.
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S U M M A R Y   O F   F I N D I N G S

 

Summary of findings 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

Effect estimateOutcomes

Usual care Pharmaceutical
care

Relative effect
(95% CI)

No. of partici-
pants
(studies)

Certainty of
evidence
(GRADE)

Comments

Medication appro-
priateness (as mea-
sured by an implicit
tool; lower scores are
better)

From baseline to fol-
low-up

Follow-up: 0 to 6
months

Medication ap-
propriateness
(as measured
by an implic-
it tool) across
control groups
ranged from
-0.49 to 20

Medication appro-
priateness (as mea-
sured by an implicit
tool) in the interven-
tion groups was 5.66
lower
(9.26 to 2.06 lower)

— 947
(8 studies)

⊕⊝⊝⊝

very low

a,b,c,d

MAI was used as an implicit tool in the
pooled studies.

Heterogeneity: I2 = 97%, P = 0.00001.

It is uncertain whether pharmaceutical care
improves medication appropriateness be-
cause the certainty of the evidence is very
low.

Potentially inappropriate medications

The number of poten-
tially inappropriate
medications (PIMs) 
Follow-up: 0 to 12
months

— Standardised mean

difference§ in the in-
tervention groups
was 0.19 SD lower
(0.05 to 0.34 lower)

— 2404
(9 studies)

⊕⊝⊝⊝

very lowa,b,c

The STOPP and Beers criteria, and the Meds
75+ database, were used as explicit tools in
the pooled studies.

It is uncertain whether pharmaceutical care
reduces the number of PIMs because the
certainty of this evidence is very low.

The proportion of pa-
tients with one or
more potentially in-
appropriate medica-
tion (PIM)

Follow-up: 0 to 12
months

435 per 1000 83 fewer per 1000
(from 139 fewer to 9
fewer)

RR 0.81 (0.68 to
0.98)

4534

(13 studies)

⊕⊝⊝⊝

very lowa,b,c

The STOPP and Beers criteria were used as
explicit tools in the pooled studies.

Heterogeneity: I2 = 84%, P = < 0.00001.

It is uncertain whether pharmaceutical care
reduces the proportion of patients with one
or more PIM because the certainty of this
evidence is very low.
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Potential prescribing omissions

The number of poten-
tial prescribing omis-
sions (PPOs)
Follow-up: 0 to 12
months

— Standardised mean

difference§ in the in-
tervention groups
was 0.48 SD lower
(from 1.05 lower to
0.09 higher)

— 691

(3 studies)

⊕⊝⊝⊝

very lowa,c,d

START and ACOVE were used as explicit
tools in the pooled studies.

Heterogeneity: I2 = 92%, P < 0.00001.

Pharmaceutical care may slightly reduce
the number of PPOs, however this finding is
uncertain due to very serious design limita-
tions with implications in terms of selection
bias, performance bias and risk of contami-
nation bias.

The proportion of pa-
tients with one or
more potential pre-
scribing omission
(PPO)

Follow-up: 0 to 24
months

559 per 1000 280 fewer per 1000
(from 408 fewer to 50
fewer)

RR 0.50 (0.27 to
0.91)

2765

(7 studies)

⊕⊝⊝⊝

very lowa,b,c

START and ACOVE were used as explicit
tools in the pooled studies.

Heterogeneity: I2 = 95%, P < 0.00001.

It is uncertain whether pharmaceutical care
reduces the proportion of patients with one
or more PPO because the certainty of this
evidence is very low.

Hospital admissions

Follow-up: 1 to 12
months

Only 2 out of 14 studies reported a re-
duction in hospital admissions; the oth-
ers found little or no difference between
groups.

— 4797 (14 stud-
ies)

⊕⊕⊝⊝

lowa,c

—

Quality of life

Follow-up: 3 to 12
months

Six studies reported some changes in
QoL; 10 found no changes.

— 7458 (16 stud-
ies)

⊕⊕⊝⊝

lowa,c

—

GRADE Working Group grades of evidence

High: This research provides a very good indication of the likely effect. The likelihood that the effect will be substantially different‡ is low.

Moderate: This research provides a good indication of the likely effect. The likelihood that the effect will be substantially different‡ is moderate.

Low: This research provides some indication of the likely effect. However, the likelihood that it will be substantially different‡ is high.

Very low: This research does not provide a reliable 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

ACOVE: Assessing Care of the Vulnerable Elderly, CI: confidence interval, MAI: Medication Appropriateness Index, PIMs: Potentially Inappropriate Medications, PPOs: Potential
prescribing omissions, QoL: quality of life; RR: risk ratio, SD: standard deviation; STOPP: Screening Tool of Older People’s potentially inappropriate Prescriptions, START: Screening
Tool to Alert to Right Treatment
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§The standardised mean diHerence was used in cases where a range of tools were used to generate the pooled eHect estimate.
aWe downgraded the evidence due to risk of bias. For medication appropriateness, this was downgraded by one level. For the number of PIMs, the proportion of patients with
one or more PIM, the number of PPOs and the proportion of patients with one or more PPO, the evidence was downgraded by two levels.
bWe downgraded the evidence by one level due to indirectness.
cWe downgraded the evidence by two levels due to inconsistency in the results that could not be fully explained.
dWe downgraded the evidence by one level due to imprecision: CIs were wide and/or crossed the line of no eHect.
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B A C K G R O U N D

Prescribing for older people is complex because of factors
such as increased life expectancy, age-related changes in body
composition and multiple morbidities (the presence of two or more
chronic health conditions), and also because prescribing guidelines
recommend more than one drug for certain long-term diseases
(Cadogan 2016a; Guthrie 2015; Hughes 2014).

Finding the balance between aggressively treating diseases and
avoiding medication-related harm is a critical objective for
healthcare professionals, yet has proven challenging to achieve in
clinical practice (Steinman 2007). This review updates the previous
Cochrane Review of Interventions to improve the appropriate use
of polypharmacy for older people (Rankin 2018a), which concluded
that despite the potential to reduce inappropriate prescribing,
it was unclear whether interventions to improve appropriate
polypharmacy in older people resulted in clinically significant
improvements.

Polypharmacy refers to the use of multiple medicines. The term
itself has been the subject of much discussion but no standard
definition is used consistently (Cadogan 2016a; King's Fund
2013; Stewart 1990). In a systematic review of definitions of
polypharmacy (Masnoon 2017), 138 definitions were noted, ranging
from two to 11 or more medicines, with five or more daily the
most common. For the purpose of this update of the review,
we defined it as 'the concomitant ingestion of four or more
medicines'. However, in recognition of the fact that the number of
medicines used to define polypharmacy is arbitrary, the focus of
the interventions of interest to this review is the appropriateness
of the medications prescribed for older people and not the specific
number of medicines taken.

Polypharmacy is common in older people, conventionally defined
as those aged 65 years and older, as this age group is oQen subject
to multimorbidity (defined as two or more chronic conditions)
(Barnett 2012), such as cardiovascular disease and diabetes that
require multiple medicines for treatment and prophylaxis. In
England, data from October to December 2019 show that 8.4
million people (14.9%) were taking five or more medicines each
day, and 3.8 million (6.8%) were taking eight or more medicines
daily - although it is not possible to state what proportion of these
examples of polypharmacy is inappropriate (Department of Health
and Social Care 2021).

In the United States of America (USA), the prevalence of
polypharmacy in older people has increased over time, and data
indicate that approximately 39% of older people in the USA
take five or more medicines (Kantor 2015). Data from The Irish
Longitudinal Study on Ageing have identified polypharmacy in
27% of the older population using the same definition (McGarrigle
2017). Although prevalence estimates in older people vary across
countries, polypharmacy in older people is recognised as a
widespread global issue (Stewart 2017). Consequently, older
people use a 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).

It is widely recognised that prescribing guidelines typically focus
on single diseases and when applied to complex multimorbid

patients, oQen fail to provide information on how to prioritise
treatment recommendations and can act as a driving force for
polypharmacy (Hughes 2012). In a qualitative study designed to
investigate how doctors plan treatment for complex multi-morbid
patients (Schuttner 2022), the results from 23 interviews with
physicians revealed many factors including making decisions in
line with habit, working within their organisation’s structures and
boundaries, collaborating with other members of the care team and
working towards an overall goal for care. Some of the findings were
deemed useful strategies to use to approach complex cases.

Inappropriate prescribing in the context of older people can be
defined as the prescribing of "medications or medication classes
that should generally be avoided in persons 65 years or older
because they are either ineHective or they pose unnecessarily high
risk for older persons and a safer alternative is available" (Beers
1991). The term ‘potentially inappropriate prescribing (PIP)’
encompasses potentially inappropriate medicines (PIMs) and
potential prescribing omissions (PPOs) (see Appendix 1 for
acronyms used in this review). A PIM is a medicine that could
potentially lead to a significant risk of adverse drug events
(ADEs) and arises from prescribing practices such as continuing
therapy for longer than necessary or recommended in prescribing
guidelines. The American Geriatrics Society (AGS) Beers Criteria
for PIM use in Older Adults are updated regularly and detail PIMs
that should be avoided. The most recent publication presented
70 modifications to the previous list including new medications
and drug-drug interactions (DDIs) (AGS 2019). A PPO involves the
omission of a medication that is clinically indicated for disease
treatment or prevention (O'Connor 2012). Although polypharmacy
is oQen clinically indicated and beneficial in specific conditions
(e.g. hypertension, diabetes mellitus) and patient populations (e.g.
patients with multimorbidity), it also poses risks 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 that actually, 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 PIP
and negative health outcomes, including an increased risk of
hospital admissions, ADEs and mortality (Cahir 2010). In a study
to investigate the link between polypharmacy in people aged at
least 85 years and all-cause mortality (Davies 2022), each additional
medication prescribed was associated with a 3% increase in
mortality. The chance of medication-related problems (such as
adverse drug reactions and DDIs) occurring increases in older age,
in part because the ageing process reduces the eHiciency of the
body’s organs in eliminating drugs (Mangoni 2003). A large study of
community-dispensed prescribing in Scotland (between 1995 and
2010) showed that the proportion of older adults prescribed more
than five medicines and with potentially serious DDIs had more
than doubled to 13% in 2010 (Guthrie 2015). It is known that the
number of medicines prescribed is predictive of the number of drug
interactions likely to occur (Gallagher 2001). Poor understanding of
causes of certain disorders makes prescribing drug combinations
more diHicult and treating poorly understood diseases may
increase the risk for inappropriate prescribing (Werder 2003). The
association between PIMs and PPOs and functional disability (using
the World Health Organization Disability Assessment Schedule
2.0 (WHODAS)) among older adults was investigated in a cross-
sectional analysis of a randomised comparative eHectiveness trial
(Salm 2022). Among 461 patients, PIMs and PPOs were significantly
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associated with an increase in WHODAS-score, however no
significant link was found between WHODAS-score and number of
medications. The authors commented that their results showed
a relationship between inappropriate prescribing and functional
disability in older adults who are at risk of further declining health.

Despite the recognised potential for medication safety risks in
older people, recent cohort studies have challenged previous
assumptions that polypharmacy is hazardous and associated
with poor clinical outcomes (Appleton 2014; Guthrie 2015). For
example, an analysis of Scottish primary care data linked to hospital
discharge data highlighted the limitations of crude measures
of polypharmacy (i.e. the number of medicines prescribed) as
quality indicators or predictors of hospital admissions when
patients’ clinical context is not taken into consideration (Appleton
2014). The findings showed that patients prescribed an increased
number of 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 morbidity and drug burden, no evidence of
an increase in non-cardiovascular admissions with increasing
numbers of cardiovascular medicines was found. Another study
examined medication-related quality of life (MRQoL) in older adults
with multiple morbidities (Jennings 2022). Scores were low, which
indicated that patients had good MRQoL and results also indicated
that the presence of PIMs was not found to be associated with
poorer QoL.

Greater use of the term ‘appropriate polypharmacy’ has thus
been advocated, which refers to ‘prescribing for an individual
with complex or multiple conditions where medicine use has
been optimised and prescribing is in accordance with best
evidence’ (Cadogan 2016; King's Fund 2013). In assessing older
patients’ prescriptions, it is important to consider whether each
drug has been prescribed appropriately or inappropriately, both
individually and in the context of the whole prescription (Aronson
2006). Improving appropriate polypharmacy involves 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. Therefore, interventions
that seek solely to reduce the number of prescribed medicines
fail to consider polypharmacy in its entirety. PPOs are also highly
prevalent in 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 DDIs, and poor adherence) (Kuijpers 2007).
This so-called treatment/risk paradox or risk/treatment mismatch
is seen when patients with the highest risk of complications
are determined to have the lowest probability of receiving the
recommended medications (Ko 2004; Lee 2005).

DiHerentiating between 'many' medicines (appropriate
polypharmacy) and 'too many' medicines (inappropriate
polypharmacy) is a prescriber's dilemma, and choosing the
best interventions aimed at ensuring appropriate 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
on interventions that have targeted PIMs, PPOs, 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), a list of clinically
significant criteria for potentially inappropriate prescribing in
older people (Gallagher 2008; O'Mahony 2015) or the Medication
Appropriateness Index (MAI) (Hanlon 1992). These screening
tools can be classified as either implicit (judgement-based) or
explicit (criterion-based) tools (Kaufmann 2014; O'Connor 2012).
Implicit tools, such as MAI (Appendix 2) and the Assessment
of Underutilization of Medication (AOU) tool (JeHery 1999), are
judgement-based indicators of prescribing quality that are applied
by clinicians to a patient’s prescription. Explicit tools, such as
Beers’ criteria (Appendix 2) and Screening Tool of Older Person's
Prescriptions (STOPP)/Screening Tool to Alert doctors to the Right
Treatment (START) criteria (Gallagher 2008; O'Mahony 2015), are
usually developed from literature reviews, expert opinion and
consensus exercises. The criteria typically comprise lists of drugs to
be avoided or added in older people.

Description of the intervention

Improvement in appropriate polypharmacy can be achieved
through a wide 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 oQen focused on reducing the number of
medicines prescribed (Rollason 2003), based on the assumption
that polypharmacy is 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
also encompasses mis-prescribing (i.e. incorrect prescribing of a
necessary drug) and under-prescribing (i.e. prescribing omissions).

Methods recommended in previous intervention studies include
use of computer data entry and feedback procedures, which have
been shown to decrease polypharmacy and drug-drug interactions
(Werder 2003); visual identification of medicines; continuous
medication review and thorough patient education to optimise
polypharmacy (Fulton 2005). More recently, complex interventions
have included training of health professionals and the delivery of
individualised medication reviews to patients (Del Cura-Gonzalez
2022; McCarthy 2022).

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

How the intervention might work

Interventions to improve appropriate polypharmacy are likely to
achieve the following outcomes.

Interventions to improve the appropriate use of polypharmacy for older people (Review)
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• Improvement in medication appropriateness (as measured by
an implicit tool).

• Reduction of inappropriately prescribed medication (as
measured by an explicit tool).

• Reduction of prescribing omissions (as measured by an explicit
tool) by promoting prescribing of evidence-based therapy where
clinically indicated.

Computerised decision support (CDS) aimed at prescribers,
whereby electronic alerts are produced to guide the prescriber to
the right treatment, has been successful in reducing inappropriate
prescribing for older people (Yourman 2008).

Pharmaceutical care is the responsible provision of drug therapy
for the 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, at an appropriate dose, for appropriate
indications. It involves pharmacists moderating drug management
in collaboration with physician, patient and carer (Hepler 1990).
Pharmacist-led interventions such as medication review, co-
ordinated transition from hospital to long-term care facility and
pharmacist consultations with patients and physicians have been
shown to eHectively reduce inappropriate prescribing and ADEs
(Hanlon 1996; Kaur 2009). Multi-disciplinary case conferences
involving GPs, geriatricians, pharmacists and residential care staH,
wherein individual patient cases are discussed, have reduced the
use of inappropriate medications in residential care (Crotty 2004a).

While polypharmacy interventions have been shown to reduce
inappropriate prescribing and improve medication adherence,
their eHect on clinical outcomes is less clear (Ali 2022). In
a review of systematic reviews of interventions to improve
polypharmacy among adults with multiple morbidities, the authors
concluded that better understanding of the characteristics and
implementation of these complex interventions is needed (Ali
2022).

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
prescribing for older people is both highly prevalent and commonly
associated with polypharmacy (Bradley 2012; Cahir 2010). It is
important that the current available evidence be identified and
appraised, so that interventions that are eHective in managing
disease with appropriate polypharmacy may be identified and put
into practice. This is an update of the Cochrane Review (Rankin
2018a).

O B J E C T I V E S

To assess the eHects of interventions, alone or in combination,
in improving the appropriate use of polypharmacy and reducing
medication-related problems in older people.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised trials and cluster-randomised trials
meeting the EHective Practice and Organisation of Care (EPOC)

specification (EPOC 2017). While the previous version of this review
included non-randomised trials (Rankin 2018a), we decided to
focus on randomised and cluster-randomised trials only in an eHort
to maximise the quality of evidence.

We classified trials eligible for inclusion according to the degree
of certainty that random allocation was used to form comparison
groups in the trial. If study author(s) stated explicitly that groups
compared in the trial were established by random allocation, we
classified the trial as a randomised trial and included it in the
review. If study author(s) did not state explicitly that the trial was
randomised, we excluded it.

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). Medications
were counted based on what was reported in the trials, which
generally did not diHerentiate between formulation type. This
included a prescribed medication (one that is scheduled or part of
a repeat prescription, and does not include over-the-counter and
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 for inclusion
if they included a majority (80% or more) of participants aged
65 years and older, or if 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 studies in which the intervention focused on people
with a single long-term medical condition or who were receiving
short-term polypharmacy, for example those who were terminally
ill or were receiving 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 or the control group (as defined by
the study). We included all uni-faceted interventions, for example
those targeted solely at drug prescriptions, and multi-faceted
interventions, such as specialist clinics involving comprehensive
geriatric assessment. We included studies of interventions for
which the target was polypharmacy across 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; EPOC
2016), which directly or indirectly aHected prescribing and were
aimed at improving appropriate polypharmacy. These included the
following:

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

• Delivery arrangements (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
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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 aHect
the way in which powers are exercised, particularly with
regard to authority, accountability, openness, participation and
coherence, such as changes in government policy or legislation
aHecting prescribing.

Types of outcome measures

Inappropriate prescribing measured by validated tools (such as
Beers criteria (Fick 2003), MAI (Hanlon 1992), STOPP/START criteria
(Gallagher 2008; O'Mahony 2015) or Assessing Care of Vulnerable
Elderly (ACOVE) (Wenger 2001)) was the main outcome measure
considered in the review, as in previous iterations of 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 an implicit, i.e.
judgement-based, tool, e.g. MAI (Hanlon 1992) or a defined
subset of criteria from a validated instrument) (Appendix 2).

• Potentially inappropriate medications (as defined by a validated
explicit, i.e. criteria-based, tool, e.g. STOPP criteria (Gallagher
2008; O'Mahony 2015), which could consist of the number of
potentially inappropriate medications and/or the proportion of
patients with one or more potentially inappropriate medication)
(Appendix 2).

• Potential prescribing omissions (as defined by a validated
explicit tool, e.g. START criteria (Gallagher 2008; O'Mahony
2015)), which could consist of the number of potential
prescribing omissions and/or the proportion of patients with
one or more potential prescribing omission.

• 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 (DDIs).

• 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 EHects (DARE)
for related systematic reviews, as well as the databases listed below
for primary studies. Searches were originally conducted in May
2016, with an updated search conducted in February 2018. An

updated search for the current review was undertaken in January
2021. The search strategy for the 2021 search is detailed in Appendix
3.

The Health Technology Assessment Database and NHS Economic
Evaluation Database (NHS EED) were searched for the previous
update of this review (February 2018). NHS EED ceased adding new
records aQer 2014.

Databases

• Cochrane Central Register of Controlled Trials (CENTRAL 2021,
Issue 1) in the Cochrane Library

• MEDLINE Ovid (including Epub Ahead of Print, In-Process &
Other Non-Indexed Citations) (1946 to 13 January 2021)

• Embase Ovid (1974 to 13 January 2021)

• CINAHL EBSCO (Cumulative Index to Nursing and Allied Health
Literature; 1980 to 13 January 2021)

Trial registries

Two trials registers were searched on 7 February 2018 and an
updated search was completed in January 2021.

• International Clinical Trials Registry Platform (ICTRP), World
Health Organization (WHO) (www.who.int/ictrp/en)

• ClinicalTrials.gov, US National Institutes of Health (NIH)
(clinicaltrials.gov)

Search strategies comprised keywords and, when available,
controlled vocabulary such as MeSH (medical subject headings). All
databases were searched for articles indexed from 2018 onwards.
Two methodological search filters were used to limit retrieval to
appropriate study designs. No language restrictions were applied.

We ran a new search in February 2023 and have added potentially
eligible studies published between January 2021 and February
2023 to Characteristics of studies awaiting classification.

Searching other resources

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

• We contacted the authors of relevant studies and reviews to
ask that they clarify reported published information or to seek
unpublished results/data.

• 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

We carried out data collection and analyses as below.

Selection of studies

For this update, four review authors (JC, HB, DCB and MA)
independently screened titles and abstracts identified in the
searches to assess which studies met the inclusion criteria for the
review. At this stage, we excluded papers that did not meet the
inclusion criteria. If uncertainty or disagreement arose at this stage,
we obtained full-text articles and assessed them independently
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to determine whether they met the previously defined inclusion
criteria. Any remaining disagreement or uncertainty was resolved
by consensus through discussion with another review author (CH).

Data extraction and management

Two review authors (JC and MA) independently extracted details
of articles included in this update, including study design, study
population, intervention, usual care (or control group), 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 ask for missing information or
clarification. We used information from the data extraction forms to
guide the extraction of numerical data for meta-analysis in Review
Manager 4.13 (RevMan 2022).

We presented data from randomised trials using the format
suggested in the EPOC Working Paper on presentation of data
(EPOC 2017). We extracted outcome data at the last time point
reported to assess enduring eHects of the intervention.

Assessment of risk of bias in included studies

Two review authors (JC and MA) independently assessed the
internal validity of each study included in this update and resolved
discrepancies by discussion. Any remaining disagreement was
resolved by discussion with CH.

We used the Cochrane tool for assessing risk of bias (Higgins
2011), based on six standard criteria: adequate sequence
generation, concealment of allocation, blinding of participants and
personnel, blinded or objective assessment of primary outcome(s),
adequately addressed incomplete outcome data, freedom from
selective reporting and freedom from other risks of bias (including
contamination). We reported all included studies in the risk of bias
tables.

Measures of treatment e;ect

We measured the eHect of the intervention by referencing
published tools (e.g. implicit, judgement-based tools such as the
MAI (Hanlon 1992) and/or explicit, criterion-based tools such as the
Beers criteria (AGS 2019; Fick 2003)) used to assess inappropriate
prescribing as outlined above. We reported outcomes for each
study in natural units. When baseline results were available from
studies, we reported means and standard deviation (SD) values for
the change from baseline for intervention and control groups (or
usual care). When baseline results were not available, we reported
postintervention means and SD values and/or the proportion of
patients with one or more PIMs or PPOs for intervention and control
groups (usual care). We analysed data using RevMan 4.13.

We planned to perform an assessment of evidence on the
theoretical basis underpinning the interventions. For example, if
studies reported that interventions were based on the Theory
of DiHusion (Rogers 2003), then we planned to pool data across
these studies, where appropriate, in order to develop a cumulative
evidence base for the theory in question. Where possible, instead
of subgrouping outcomes according to the specific tool (i.e. STOPP
versus Beers), we pooled studies under the broad descriptions of
medication appropriateness (as measured by an implicit tool), PIMs
(which consists of the number of PIMs and/or the proportion of
patients with one or more PIM) and PPOs (which consists of the

number of PPOs and/or the proportion of patients with one or more
PPO).

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).

For new cluster-randomised controlled trials included in this
update, we considered whether clustering had been taken into
account in the trials. If not, we estimated eHective sample sizes
by calculating the study's design eHect using an intracluster
correlation coeHicient (ICC) as reported in the trials. If the ICC was
not reported, we used an ICC from similar trials. For dichotomous
data, the number of participants and the number experiencing
the event/outcome were divided by the same design eHect. For
continuous data, we only calculated the eHective sample size and
did not alter means or standard deviations (Higgins 2022, chapter
23.1.4).

Dealing with missing data

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

Assessment of heterogeneity

We examined and interpreted heterogeneity using the I2 statistic
and the guidance provided in the Cochrane Handbook for
Systematic Reviews of Interventions (0% to 40% might not be
important; 30% to 60% may represent moderate heterogeneity;
50% to 90% may represent substantial heterogeneity; 75% to 100%
may represent considerable heterogeneity) (Higgins 2022).

Assessment of reporting biases

We assessed reporting bias by scrutinising study results using the
risk of bias tables provided in RevMan 4.13. We examined funnel
plots corresponding to meta-analysis of the primary outcome to
assess the potential for small-study eHects such as publication bias.

Data synthesis

We pooled the results of studies in a meta-analysis using a random-
eHects model if at least two studies were comparable in terms
of participants, interventions and outcomes. We pooled outcome
data on the basis of whether included studies had used an implicit
(judgement-based) or explicit (criterion-based) tool to measure
inappropriate prescribing. We presented results with 95% CIs, and
estimates when diHerent scales were used to report the same
dichotomous outcomes (e.g. the proportion of patients with one or
more potentially inappropriate prescriptions) as risk ratios (RRs).
We used standardised mean diHerences (SMDs) in meta-analyses
when diHerent scales were used to report the same continuous
outcome.

Subgroup analysis and investigation of heterogeneity

We grouped studies and described them according to type
of intervention, setting and study design, and we planned to
perform an assessment of evidence on the theoretical basis
underpinning the interventions. For example, if studies reported
that interventions were based on the Theory of DiHusion (Rogers
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2003), then we planned to pool data across these studies, where
appropriate, in order to develop a cumulative evidence base for
the theory in question. Where possible, instead of subgrouping
outcomes according to the specific tool (i.e. STOPP versus Beers),
we pooled studies under the broad descriptions of medication
appropriateness (as measured by an implicit tool), potentially
inappropriate 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).

Our plan to pool studies under the broad descriptions of
medication appropriateness, PIMs and PPOs is outlined in the
section Measures of treatment eHect.

Sensitivity analysis

We performed a sensitivity analysis for pooled results based on
methodological quality to assess the overall eHect. We excluded
studies with a unit of analysis error from the meta-analysis.

Summary of findings and assessment of the certainty of the
evidence

We graded our confidence in the evidence by creating a summary
of findings table, using the approach recommended by the GRADE
Working Group and guidance developed by EPOC (EPOC 2017b;

Guyatt 2008). We included the most important outcomes, which
were: medication appropriateness (as measured by an implicit
tool), the number of PIMs, the proportion of patients with one
or more PIM, the number of PPOs, the proportion of patients
with one or more PPO, hospital admissions and quality of life. We
used the methods and recommendations described in Section 8.5
and Chapter 12 of the Cochrane Handbook for Systematic Reviews
of Interventions (Higgins 2011), along with GRADE worksheets, to
assess the certainty of evidence (GRADEpro GDT 2015). Two review
authors (JC, CC) independently assessed the certainty of evidence
for each outcome. We have presented the certainty of evidence for
each outcome in GRADE tables (Summary of findings 1; Appendix
5).

R E S U L T S

Description of studies

See Characteristics of included 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 2811 potentially
relevant citations (Figure 1). AQer six duplicates were removed, we
screened titles and abstracts and retrieved 68 studies for full-text
review.
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Figure 1.   Study flow diagram.
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Figure 1.   (Continued)
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Of these, 22 studies were identified as ongoing, one was already
included in the review and one was a brief report. This leQ nine
studies for inclusion in the updated review.

We identified three additional studies: two from searching
references used in systematic reviews and one study previously
identified as ongoing, which was published in July 2021. The two
studies identified through systematic reviews were excluded due to
not using a validated measure of prescribing appropriateness. This
leQ 10 studies to include in this update of the review.

Included studies

In total, we identified 38 eligible studies, of which 10 were newly
included in this update. Where data from the studies that were
added to the review could not be included in any form of meta-
analysis, narrative descriptions of results are presented. Details are
provided in the Characteristics of included studies table and are
briefly summarised below.

Study design

The included studies consisted of 24 randomised trials (Auvinen
2021; Basger 2015; Bladh 2011; Bucci 2003; Campins 2017;
Coronado-Vazquez 2019; Crotty 2004b; Curtin 2020; Dalleur 2014;
Frankenthal 2014; Fried 2017; Gallagher 2011; Haag 2016; Hanlon
1996; Michalek 2014; Milos 2013; O'Mahony 2020; Olsson 2012;
Schmader 2004; Shim 2018; Spinewine 2007; Syafhan 2021; Taylor
2003; Wehling 2016), and 14 cluster-randomised trials (Blum 2021;
Boersma 2019; Clyne 2015; Crotty 2004a; Garcia-Gollarte 2014;
Franchi 2016; Koberlein-Neu 2016; Muth 2016; Muth 2018; Pitkala
2014; Romskaug 2020; Strauven 2019; Tamblyn 2003; Thyrian 2017).

Settings

Of the 19 studies conducted in hospital settings (7916 participants),
five were conducted in hospital outpatient clinics (Boersma 2019;

Bucci 2003; Hanlon 1996; Schmader 2004; Shim 2018). One was
conducted at the hospital/home care interface (Crotty 2004b), and
13 in an inpatient setting (Basger 2015; Bladh 2011; Blum 2021;
Curtin 2020; Dalleur 2014; Franchi 2016; Gallagher 2011; Haag
2016;Michalek 2014; O'Mahony 2020; Olsson 2012; Spinewine 2007;
Wehling 2016).

Thirteen studies were conducted in primary care settings (15,740
participants) (Campins 2017; Clyne 2015; Coronado-Vazquez 2019;
Fried 2017; Koberlein-Neu 2016; Milos 2013; Muth 2016; Muth 2018;
Romskaug 2020; Syafhan 2021; Tamblyn 2003; Taylor 2003; Thyrian
2017).

One study was carried out among patients in home-delivered care
settings (512 participants) (Auvinen 2021), and five took place in
nursing homes (3562 participants) (Crotty 2004a; Frankenthal 2014;
Garcia-Gollarte 2014; Pitkala 2014; Strauven 2019).

All studies reported trials that were confined to a single setting.

The included studies were carried out in 18 high-income countries:
Australia (three studies), Belgium (five studies), Canada (two
studies), England (one study), Finland (two studies), Germany (six
studies), Hong Kong (one study), Iceland (one study), Ireland (five
studies), Israel (one study), Italy (two studies), the Netherlands
(two studies), Northern Ireland (one study), Norway (one study),
Scotland (one study), Spain (three studies), Sweden (three studies),
Switzerland (one study) and the USA (five studies), and one upper
middle-income country: Malaysia (one study) (World Bank 2022).

Participants

A total of 18,073 participants were included in this review, most
of whom were female (53.6%) and had a mean age of 79.1 years.
Ethnicity was reported in six studies (1398 participants), and in
four of these most participants were white (Haag 2016; Hanlon
1996; Schmader 2004; Taylor 2003); in one study 7.25% were non-
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English speaking (Crotty 2004b) and in one most (63.8%) were
Chinese (Shim 2018). All study participants had more than one
long-term medical condition, which included asthma, diabetes,
dyslipidaemia, hypertension, cardiovascular disease (including
congestive heart failure) and dementia. On average, participants
were receiving more than four medicines at baseline. Data
pertaining to the number of medicines prescribed at baseline were
available for 36 of the 38 studies (15,010 participants), and showed
that participants were prescribed on average 8.98 medicines at
baseline.

Interventions

In all cases, interventions were classified as either delivery
arrangements (Auvinen 2021; Basger 2015; Bladh 2011; Blum
2021; Boersma 2019; Bucci 2003; Crotty 2004b; Curtin 2020; Fried
2017; Haag 2016; Koberlein-Neu 2016; Michalek 2014; Milos 2013;
Muth 2016; Muth 2018; Olsson 2012; O'Mahony 2020; Schmader
2004; Shim 2018; Spinewine 2007; Thyrian 2017), implementation
strategies (Franchi 2016; Garcia-Gollarte 2014), or both (Campins
2017; Clyne 2015; Coronado-Vazquez 2019; Crotty 2004a; Dalleur
2014; Frankenthal 2014; Gallagher 2011; Hanlon 1996; Pitkala
2014; Romskaug 2020; Strauven 2019; Syafhan 2021; Tamblyn
2003; Taylor 2003; Wehling 2016) (see Types of interventions for
definitions). However, within these broad intervention categories,
there were relatively small numbers of studies examining the
outcomes of interest. Hence, as outlined in the Methods, analysis
was driven by the way in which prescribing appropriateness was
judged.

Complexity and variability

Thirty-six studies examined complex, multi-faceted interventions
of pharmaceutical care in a variety of settings. One uni-faceted
study examined computerised decision support (CDS) provided
to GPs in their own practices (Tamblyn 2003); one tested a
medication withdrawal plan among hospital patients (Curtin 2020).
Pharmaceutical care was commonly provided by pharmacists
working closely with other healthcare professionals in a variety
of settings. In hospital settings, pharmacists worked as part of a
multi-disciplinary team in outpatient clinics (Bucci 2003; Hanlon
1996; Schmader 2004; Shim 2018), in inpatient services on hospital
wards as a clinical pharmacy service (Basger 2015; Bladh 2011;
Blum 2021; Dalleur 2014; Franchi 2016; Gallagher 2011; Haag 2016;
Michalek 2014; Olsson 2012; O'Mahony 2020; Spinewine 2007;
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 diHerent healthcare professionals. This included
pharmacists working in community-based family medicine clinics
(Taylor 2003), or within primary care centres (Campins 2017;
Milos 2013), general practices (Clyne 2015;Fried 2017; Koberlein-
Neu 2016; Syafhan 2021), nurses/healthcare assistants (Muth 2016;
Muth 2018; Thyrian 2017), and with physicians and nurses in
home care settings (Auvinen 2021). In nursing homes, interventions
involved multi-disciplinary case conferences combined with staH
education provided by pharmacists (Crotty 2004a), medication
reviews by the study pharmacists and discussed with the chief
physician (Frankenthal 2014), training sessions for staH (Garcia-
Gollarte 2014; Pitkala 2014), and a combination of educational
workshops and medication reviews conducted by pharmacists,
physicians and nurses (Strauven 2019).

Health professionals' input

Physicians delivered the intervention via a computerised support
programme in one study (Tamblyn 2003); in another doctors and
nurses delivered the intervention using a web-based prescribing
tool (Boersma 2019); family doctors and nurses used a paper-
based decision tool to conduct the intervention in another study in
primary care (Coronado-Vazquez 2019). Only doctors were involved
in intervention delivery in two studies, one among hospital
inpatients (Curtin 2020) and another in primary care (Romskaug
2020). In all other studies, structured processes were used to
develop recommendations for improving the appropriateness of
prescribing to prescribers.

In 19 studies, the pharmacist(s) conducted an independent
medication review using participant notes (Auvinen 2021; Bladh
2011; Campins 2017; Crotty 2004a; Crotty 2004b;Koberlein-Neu
2016; Milos 2013), together with participants during a face-to-face
encounter (Basger 2015; Bucci 2003; Frankenthal 2014; Hanlon
1996; Schmader 2004; Shim 2018; Spinewine 2007; Syafhan 2021;
Tamblyn 2003; Taylor 2003); in a face-to-face encounter also
involving a GP and nurse (Strauven 2019), or during a medication
therapy management (MTM) consultation over the telephone (Haag
2016).

Following medication reviews, recommendations were discussed
with a multi-disciplinary team during case conferences (Auvinen
2021; Crotty 2004a; Crotty 2004b), sent to patients' own GPs
or consultants (Basger 2015; Bladh 2011; Blum 2021; Campins
2017; Frankenthal 2014;Milos 2013; Syafhan 2021), or discussed
with prescribers and followed up by written recommendations
(Hanlon 1996) from multi-disciplinary team members at the
same outpatient clinic (Bucci 2003), or during inpatient ward
rounds (Spinewine 2007). In eight studies, medicine reviews were
undertaken by a doctor (Boersma 2019; Clyne 2015; Coronado-
Vazquez 2019; Curtin 2020; Fried 2017; Muth 2016; Muth 2018;
Wehling 2016); in two studies, medication reviews were carried out
by a doctor and pharmacist (Blum 2021; O'Mahony 2020); and in
one, a geriatrician undertook medication reviews and discussed
them with a family physician who also followed up the patients
(Romskaug 2020). In three studies, nurses were asked to identify
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 2012). 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 one study, a nurse
informed patients about changes to their drug regimens and
changes were implemented if the patients accepted them (Auvinen
2021).

In four studies, participants' medication lists were screened by a
geriatrician (Dalleur 2014), or by the primary research physician
upon admission to hospital (Gallagher 2011; Garcia-Gollarte 2014;
Michalek 2014), and oral and written recommendations outlining
appropriate prescribing changes were then provided to the
attending physicians. In the 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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Education

Participant education was provided as part of the pharmaceutical
care intervention in four 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 (Bucci 2003; Hanlon 1996;
Spinewine 2007; Taylor 2003). Directive guidance describes
pharmaceutical care activities such as provision of information
about medications, their administration and their adverse
eHects (Bucci 2003). In one study, patients received information
leaflets during the medicines reviews, describing potentially
inappropriate prescribing (PIP) and alternative treatment options
(pharmacological and non-pharmacological) (Clyne 2015). In
another, patients met with a pharmacist in a pharmacy and
received education on their medications, how to use them and the
importance of adherence (Shim 2018).

Shared decision-making was central to two studies (Blum 2021;
Coronado-Vazquez 2019). Each involved a consultation between a
doctor and the patient at which medications, potential risks and
options were discussed, and a mutual consensus on the patient's
medication regimen reached.

Education was provided to prescribers and other healthcare
professionals included in the multi-disciplinary team as part of
the intervention in 14 studies (Auvinen 2021; Bucci 2003; Clyne
2015; Crotty 2004a; Crotty 2004b; Franchi 2016; Garcia-Gollarte
2014; Hanlon 1996; O'Mahony 2020; Pitkala 2014; Spinewine 2007;
Strauven 2019; Syafhan 2021; Wehling 2016). This occurred at case
conferences, during ward rounds, as part of workshops, or when
evidence-based information and answers to specific medication-
related queries were presented. In two studies in which the
pharmacist was part of a multi-disciplinary team, no educational
intervention was specified in the methodology (Schmader 2004;
Taylor 2003).

Timing of intervention delivery

The timing of provision of the intervention was variable.
Interventions were delivered over a period of time, for example
during the hospital inpatient stay and at discharge (Bladh
2011; Franchi 2016; Haag 2016; Michalek 2014; Schmader 2004;
Spinewine 2007), or over several clinic visits and over several
months on an ongoing basis (Tamblyn 2003). Interventions
were also delivered at the time of an event, for example
following hospital admission (Blum 2021; Curtin 2020; Dalleur 2014;
Gallagher 2011; O'Mahony 2020), at discharge from hospital (Basger
2015), during attendance at outpatient clinics (Boersma 2019; Bucci
2003; Hanlon 1996; Schmader 2004; Taylor 2003), at nursing home
visits (Crotty 2004a; Strauven 2019), at hospital discharge to a
nursing home (Crotty 2004b), home visit by a nurse (Auvinen 2021;
Olsson 2012), or GP visit (Campins 2017; Clyne 2015; Fried 2017;
Muth 2016; Muth 2018). In one study, the intervention was delivered
during a consultation at a pharmacy (Shim 2018); in another, it was
conducted in the patient's own home or at the hospital outpatient
geriatric unit, depending on suitability, and follow-up visits were
done by a geriatrician, family physician, by telephone, or via the
home nursing service (Romskaug 2020).

In studies for which details of intervention administration were
provided, interventions were most commonly administered during
a single episode of care (Bucci 2003; Crotty 2004a; Curtin 2020;

Hanlon 1996; Tamblyn 2003; Taylor 2003). Interventions were
implemented over varying durations, ranging from three months
(Curtin 2020), five or six months (Auvinen 2021; Bucci 2003;
Coronado-Vazquez 2019; Romskaug 2020; Shim 2018; Syafhan
2021), one year (Blum 2021; Boersma 2019; Frankenthal 2014;
Koberlein-Neu 2016; Strauven 2019), 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),
potentially inappropriate medications (PIMs) and potential
prescribing omissions (PPOs). Validated assessments of
appropriateness reported in all included studies were measured
independently by pharmacists, geriatricians or the research team,
who had access to participants' charts and medication records.
Time between delivery of the intervention and follow-up outcome
measurement varied from immediately postintervention (e.g. post
hospital discharge or clinic visit) (Michalek 2014; Schmader 2004;
Spinewine 2007; Tamblyn 2003; Wehling 2016) to at least one month
(Bucci 2003), eight weeks (Crotty 2004b) or two months (Blum
2021; Shim 2018; Syafhan 2021), 12 weeks (O'Mahony 2020) or
three months (Basger 2015; Boersma 2019; Crotty 2004a; Curtin
2020; Garcia-Gollarte 2014), 16 weeks (Romskaug 2020), six months
(Auvinen 2021; Clyne 2015; Coronado-Vazquez 2019; Gallagher
2011), eight months (Strauven 2019), up to one year (Dalleur 2014;
Franchi 2016; Hanlon 1996; Pitkala 2014; Taylor 2003), and up to two
years (Frankenthal 2014).

Fourteen studies measured medication appropriateness (as
measured by an implicit tool, i.e. judgement-based); all used the
Medication Appropriateness Index (MAI) (Boersma 2019; Bucci
2003; Crotty 2004a; Crotty 2004b; Gallagher 2011; Hanlon 1996;
Muth 2016; Muth 2018; Romskaug 2020; Schmader 2004; Shim 2018;
Spinewine 2007; Syafhan 2021; Taylor 2003). One study measured
medication appropriateness based on STOPP/START and Beers
criteria (Coronado-Vazquez 2019), but this was not suitable for
inclusion in the meta-analysis. Eight studies reported MAI as a
change from baseline and 10 studies reported postintervention
scores. One study reported the MAI score in terms of the number of
prescriptions with inappropriate medications; this was unsuitable
for inclusion in the meta-analysis (Taylor 2003).

Twenty-three studies measured PIMs (Auvinen 2021; Bladh 2011;
Blum 2021; Boersma 2019; Campins 2017; Clyne 2015; Coronado-
Vazquez 2019; Dalleur 2014; Franchi 2016; Frankenthal 2014; Fried
2017; Gallagher 2011; Garcia-Gollarte 2014; Haag 2016; Koberlein-
Neu 2016; Milos 2013; Olsson 2012; Pitkala 2014; Schmader
2004; Spinewine 2007; Strauven 2019; Tamblyn 2003; Thyrian
2017). These studies used a range of explicit (criterion-based)
tools, including Beers criteria (Coronado-Vazquez 2019; Franchi
2016; Pitkala 2014; Schmader 2004; Spinewine 2007), Screening
Tool of Older Person’s Prescriptions (STOPP) criteria (Blum 2021;
Boersma 2019; Campins 2017; Clyne 2015; Coronado-Vazquez
2019; Dalleur 2014; Frankenthal 2014; Gallagher 2011; Garcia-
Gollarte 2014; Haag 2016), Tool to Reduce Inappropriate Medication
(TRIM) recommendations (Fried 2017), the drug-specific quality
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 Meds 75+
Database (Auvinen 2021), which were measured at varying time

Interventions to improve the appropriate use of polypharmacy for older people (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

16



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

points ranging from at the point of inpatient discharge to 24 months
follow-up. Nine 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), STOPP and
Beers (Coronado-Vazquez 2019), the PRISCUS criteria (Koberlein-
Neu 2016) and the Meds 75+ Database (Auvinen 2021). One study
reported the number of PIM changes per patient using STOPP
criteria (Boersma 2019) and another reported the number of events
and percentage using STOPP (Blum 2021).

Thirteen studies reported the proportion of patients with one or
more PIM, as identified using Beers criteria (Pitkala 2014; Spinewine
2007), the STOPP criteria (Blum 2021; Boersma 2019; 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
2013), TRIM recommendations (Fried 2017) or the PRISCUS criteria
(Thyrian 2017).

One study used the McLeod criteria and reported the rate
of inappropriate medications prescribed per physician visit
postintervention (Tamblyn 2003).

Potential prescribing omissions (PPOs) or under-use of medication
were reported in 10 studies (Blum 2021; Boersma 2019; Coronado-
Vazquez 2019; Frankenthal 2014; Gallagher 2011; Garcia-Gollarte
2014; Haag 2016; Schmader 2004; Spinewine 2007; Strauven
2019), and both were reported as postintervention scores. The
only implicit tool used was the Assessment of Under-utilisation
of Medication (AUM) instrument (Gallagher 2011; JeHery 1999;
Schmader 2004). Nine studies used explicit tools, including the
seven process measures from the full range of Assessing Care
of Vulnerable Elderly (ACOVE) criteria (Spinewine 2007) and the
Screening Tool to Alert doctors to the Right Treatment (START)
criteria (Blum 2021; Boersma 2019; Coronado-Vazquez 2019;
Frankenthal 2014; Gallagher 2011; Garcia-Gollarte 2014;Haag 2016;
Strauven 2019). All but two studies using an explicit tool reported
the proportion of patients with one or more PPOs, which were
measured at varying time points ranging from at the point of
inpatient discharge to 24 months follow-up. Two studies reported
mean and median values respectively for PPOs at baseline but
follow-up values were not reported (Coronado-Vazquez 2019;
Strauven 2019).

Four other studies reported results in the form of combined PIM
and PPO indicators/scores (Basger 2015; Michalek 2014; Strauven
2019; Wehling 2016). One study measured appropriateness using
the prescribing appropriateness criteria-set for application in older
Australians (Basger 2012) and reported changes in the number
of criteria met (Basger 2015). This method uses a combination
of both explicit and implicit tools 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 or harmful medications and
drug omissions (Michalek 2014; Wehling 2016). In the Michalek
2014 study, this was the number of drugs within each FORTA
classification (i.e. FORTA drug labels ranged 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. Strauven
2019 reported two outcomes, A and B, relating to medication
appropriateness. Outcome A was achieved when at least one PIM
or PPO that had been present at baseline had been solved by

the end of the study. Outcome B was achieved when no new
PIMs or PPOs were present at the end of the study compared to
baseline. PIP was measured using the STOPP-START criteria and
Beers' criteria through an algorithm in the study database, which
was programmed to detect PIMs and PPOs.

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 admissions). Fourteen
studies measured hospital admissions by examining hospital
records at varying time points postintervention (Blum 2021;
Campins 2017; Crotty 2004b; Curtin 2020; Franchi 2016; Frankenthal
2014; Gallagher 2011; Haag 2016; Muth 2018; Romskaug 2020;
Spinewine 2007; Strauven 2019; Syafhan 2021; Taylor 2003), ranging
from eight weeks (Crotty 2004b; Spinewine 2007), one to three
months (Curtin 2020; Haag 2016) and six months to one year (Blum
2021; Campins 2017; Franchi 2016; Frankenthal 2014; Gallagher
2011; Muth 2018; Romskaug 2020; Strauven 2019; Syafhan 2021;
Taylor 2003).

The secondary outcomes of interest in 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 10 studies and were reported
as medication misadventures (defined as iatrogenic incidents
that occur as a result of error, immunological response or
idiosyncratic response and are always unexpected or undesirable
to the participant) (Taylor 2003), potential drug-drug interaction
(DDI) and/or potentially severe DDI (Auvinen 2021; Blum 2021;
Franchi 2016), postintervention adverse drug events (ADEs) (Crotty
2004b; Hanlon 1996; Schmader 2004; Wehling 2016), adverse drug
reactions (ADRs) (O'Mahony 2020) or medication related problems
(MRPs) (Syafhan 2021).

Adherence to medication was measured in six studies (Campins
2017; Haag 2016; Muth 2016; Muth 2018; Shim 2018; Taylor 2003),
three studies used the Morisky-Green test (Campins 2017; Muth
2016; Muth 2018), one study used an adapted Morisky Medication
Adherence Scale (MMAS) (Haag 2016), one used the Malaysian
Medication Adherence Scale (MALMAS) (Shim 2018), one used the
Medication Adherence Scale (MMAS-8) (Blum 2021), one used the
Medication Adherence Report Scale (MARS) (Syafhan 2021), one
study assessed adherence to medication via participant self-report
(Taylor 2003), and one was unclear in its methodology (Coronado-
Vazquez 2019). Adherence to medications was assessed at varying
time points postintervention medication, ranging from 30 days
(Haag 2016), six to nine months (Campins 2017; Coronado-Vazquez
2019; Muth 2018; Shim 2018; Syafhan 2021) to one year (Blum 2021;
Muth 2016; Taylor 2003).

Quality of life (QoL) was assessed in 16 studies. Researchers used
the Medical Outcomes Study 36-item Short Form health survey
(SF-36) in three studies (Basger 2015; Hanlon 1996; Taylor 2003),
the Medical Outcomes Study 12-item Short-Form Health Survey
(SF-12) in one study (Frankenthal 2014), the EuroQol-ED (EQ-5D) in
eight studies (Bladh 2011; Blum 2021; Campins 2017; Muth 2016;
Muth 2018; Olsson 2012; O'Mahony 2020; Syafhan 2021), the 15-
dimensional instrument of health-related quality of life (15D) in
two studies (Pitkala 2014; Romskaug 2020), the Quality of Life in
Alzheimer Disease instrument in one study (Thyrian 2017) and the
QUALIDEM (an instrument completed by health professionals that
measures QoL in people at all stages of dementia; Ettema 2007)
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and ICECAP-O (a measure of QoL not confined to health, which was
designed for use in the economic evaluation of health and social
care interventions in older adults; Coast 2008) instruments in one
study (Curtin 2020). Quality of life was assessed at varying time
points postintervention, ranging from three months (Basger 2015;
Curtin 2020), 12 weeks (O'Mahony 2020), six to nine months (Bladh
2011; Campins 2017; Muth 2018; Romskaug 2020; Syafhan 2021) to
one year (Blum 2021; Frankenthal 2014; Hanlon 1996; Muth 2016;
Olsson 2012; Pitkala 2014; Taylor 2003; Thyrian 2017).

Excluded studies

We have presented a small sample of the total excluded
publications in the Characteristics of excluded studies table. Many
studies were excluded because they did not meet the criteria
for inclusion in our review, such as study design, not using a
validated measure of medication appropriateness or not focusing
on polypharmacy. The sample we have presented are examples
of those that seemed appropriate for inclusion but on closer

inspection were rejected for reasons such as not all patients in the
study were prescribed polypharmacy.

Studies awaiting classification

The Studies awaiting classification section contains studies
identified for potential inclusion in the review following a search
conducted in February 2023.

Ongoing studies

We have described ongoing studies identified during completion of
the review and provided details such as primary author, 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 the risk of bias are presented in Figure 2 and Figure 3 and
in the Characteristics of included studies tables.

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies.
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Figure 3.   Risk of bias summary: review authors' judgements about each 'Risk of bias' item for each included study.
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Auvinen 2021 + ? − ? + + −

Basger 2015 ? ? − ? − + ?

Bladh 2011 ? + ? ? + + −

Blum 2021 ? + − + + + +

Boersma 2019 + ? − − − + +

Bucci 2003 + ? ? + + + −

Campins 2017 + + − − − + −

Clyne 2015 + + − + + + +

Coronado-Vazquez 2019 ? ? − ? − + +

Crotty 2004a + + ? ? + + +

Crotty 2004b + + ? + + ? −

Curtin 2020 + + − + + + ?

Dalleur 2014 ? ? ? + ? ? ?

Franchi 2016 ? ? − + + + ?

Frankenthal 2014 ? + − + + + ?

Fried 2017 ? ? ? ? ? + ?

Gallagher 2011 + + − + + + ?
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Figure 3.   (Continued)

Gallagher 2011 + + − + + + ?

Garcia-Gollarte 2014 + ? + ? ? + ?

Haag 2016 + + − + + + −

Hanlon 1996 + ? ? + + ? −

Koberlein-Neu 2016 ? + ? − ? − −

Michalek 2014 − + + ? + + +

Milos 2013 + + ? ? + + ?

Muth 2016 ? ? ? + + + ?

Muth 2018 + − + ? ? + +

O'Mahony 2020 + + + + − − −

Olsson 2012 ? ? + ? + + ?

Pitkala 2014 + + + + − + +

Romskaug 2020 + + − + − + +

Schmader 2004 + − ? + ? + ?

Shim 2018 + ? − + + + ?

Spinewine 2007 ? − − − + − −

Strauven 2019 + + − − − − +

Syafhan 2021 + ? − ? − − ?

Tamblyn 2003 ? ? ? + + + ?

Taylor 2003 ? ? ? ? + + −

Thyrian 2017 + ? − − + − +

Wehling 2016 − + − + + + −

 
Allocation

Twenty-two trials reported adequate sequence generation
(Auvinen 2021; Boersma 2019; Bucci 2003; Campins 2017; Clyne
2015; Crotty 2004a; Crotty 2004b; Curtin 2020; Gallagher 2011;
Garcia-Gollarte 2014; Haag 2016; Hanlon 1996; Milos 2013; Muth
2018; O'Mahony 2020; Pitkala 2014; Romskaug 2020; Schmader
2004; Shim 2018; Strauven 2019; Syafhan 2021; Thyrian 2017), and
18 reported concealment of allocation (Bladh 2011; Blum 2021;
Campins 2017; Clyne 2015; Crotty 2004a; Crotty 2004b; Curtin 2020;
Frankenthal 2014; Gallagher 2011; Haag 2016; Koberlein-Neu 2016;
O'Mahony 2020; Michalek 2014; Milos 2013; Pitkala 2014; Romskaug
2020; Strauven 2019; Wehling 2016).

Blinding

In 19 studies, blinded measurement of outcomes had taken place
to ensure that primary outcome assessors had no knowledge of
the intervention received by participants (Blum 2021; Bucci 2003;
Clyne 2015; Crotty 2004b; Curtin 2020; Dalleur 2014; Franchi 2016;
Frankenthal 2014; Gallagher 2011; Haag 2016; Hanlon 1996; Muth
2016; O'Mahony 2020; Pitkala 2014; Romskaug 2020; Schmader
2004; Shim 2018; Tamblyn 2003; Wehling 2016). Blinding of
participants and personnel had taken place to ensure there was

no performance bias in six studies (Garcia-Gollarte 2014; Michalek
2014; Muth 2016; Olsson 2012; O'Mahony 2020; Pitkala 2014).

Incomplete outcome data

Incomplete outcome data were adequately addressed in 25 studies.
In one study, 864 participants were randomly assigned but only 834
were included in the analysis, and no intention-to-treat analysis
was reported (Schmader 2004). Therefore, it was unclear whether
all outcome data were included.

In one study, missing data meant that the diHerence in the
secondary outcomes could not be analysed (between baseline and
three-month follow-up: 62.9% of MMSE data were missing), 28.2%
of Katz-ADL data were missing and 24.2% of Fried criteria data were
missing; at one year follow-up 47.9% of mortality data were missing
and could not be analysed (Boersma 2019). In one study, EQ-5D-5L
was planned to be reported as part of a cost utility analysis, but
other aspects of this analysis were not reported, such as quality-
adjusted life years (QALYs) (O'Mahony 2020). In Romskaug 2020,
test results of some secondary outcomes were not reported, apart
from the statistical results, while in Syafhan 2021, a secondary
outcome measure listed in the study’s entry in the clinical trials
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website (clinicaltrials.gov), namely patient laboratory data, was not
reported. In another study, the methods section stated that data
collection would take place at baseline, middle and end of study,
but results were presented for baseline and end only (Strauven
2019).

Selective reporting

We considered six studies at high risk of reporting bias (Koberlein-
Neu 2016; O'Mahony 2020; Spinewine 2007; Strauven 2019; Syafhan
2021; Thyrian 2017). In the Spinewine 2007 study, the authors failed
to report one of the secondary outcomes: medications taken.

Other potential sources of bias

Contamination bias occurs when members of the control group
are inadvertently exposed to the intervention, thus potentially
minimising diHerences in outcomes between the two groups
(Higgins 2011). Participants in 11 studies were protected from
contamination (Blum 2021; Boersma 2019; Clyne 2015; Coronado-
Vazquez 2019; Crotty 2004a; Michalek 2014; Muth 2018; Pitkala

2014, Romskaug 2020; Strauven 2019;Thyrian 2017). In 15 studies
it was unclear whether protection against contamination had been
provided (Basger 2015; Curtin 2020; Dalleur 2014; Franchi 2016;
Frankenthal 2014; Fried 2017; Gallagher 2011; Garcia-Gollarte 2014;
Milos 2013; Muth 2016; Olsson 2012; Schmader 2004; Shim 2018;
Syafhan 2021; Tamblyn 2003), and 12 studies were determined
to have high risk of contamination (Auvinen 2021; Bladh 2011;
Bucci 2003; Campins 2017; Crotty 2004b; Haag 2016; Hanlon 1996;
Koberlein-Neu 2016; O'Mahony 2020; Spinewine 2007; Taylor 2003;
Wehling 2016). Contamination bias is an important limitation for
this review, where, in some studies, for example, a pharmacist
involved in the provision of pharmaceutical care to members of the
intervention group may have inadvertently modified the treatment
of those in the control group as a result of having knowledge of the
intervention. The possible influence of contamination bias should
be considered when the results of this review are interpreted.

A funnel plot of postintervention estimates of the proportion of
patients with one or more PIM showed little evidence of publication
bias (Figure 4).

 

Figure 4.   Funnel plot of comparison: Postintervention analysis: The proportion of patients with one or more
potentially inappropriate medication
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E;ects of interventions

See: Summary of findings 1 Pharmaceutical care compared with
usual care for older people receiving polypharmacy

Key findings are summarised in Summary of findings 1.

There was a lack of certainty regarding the eHects of
pharmaceutical care interventions included in this review
on inappropriate prescribing (medication appropriateness as
measured by an implicit tool, the number of PIMs, the proportion
of patients with one or more PIM, the number of PPOs and the
proportion of patients with one or more PPO) (Analysis 1.1; Analysis
1.2; Analysis 1.3; Analysis 1.4; Analysis 1.5; Analysis 1.6).
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Hospital admissions, as reported in 14 studies, were reduced in two
studies with 12 finding little or no diHerence between intervention
and control (or usual care) groups.

No consistent intervention eHect on medication-related problems
was observed across the 10 studies that evaluated this outcome;
these problems were reported in terms of medication-related
problems (Syafhan 2021), ADEs (Blum 2021; Crotty 2004b; Hanlon
1996; O'Mahony 2020; Schmader 2004; Wehling 2016), medication
misadventures (Taylor 2003), potential DDIs or potentially severe
DDIs (Auvinen 2021; Blum 2021; Franchi 2016).

Improvement in adherence to medication was demonstrated in
three studies (Coronado-Vazquez 2019; Shim 2018; Taylor 2003),
while the other six studies found little or no diHerence (Blum 2021;
Campins 2017; Haag 2016; Muth 2016; Muth 2018; Syafhan 2021).

Quality of life (QoL) was assessed by 16 studies, with six reporting
some changes (Blum 2021; Curtin 2020; O'Mahony 2020; Pitkala
2014; Romskaug 2020; Syafhan 2021), and 10 reporting no changes
in QoL (Bladh 2011; Basger 2015; Campins 2017; Frankenthal
2014; Hanlon 1996; Muth 2016; Muth 2018; Olsson 2012; Taylor
2003;Thyrian 2017).

Based on the GRADE approach (Guyatt 2008), we deemed the
overall certainty of the body of evidence for each primary outcome
for which data were included in a meta-analysis to be low or very
low, which means that the confidence in the eHect estimates is
very limited. Although each study included in the meta-analyses
was of a randomised design, and, where assessed, no evidence
of publication bias was found (Figure 4), we downgraded the
certainty of the body of evidence for each outcome based on other
GRADE considerations (i.e. study limitations, consistency of eHect,
imprecision, indirectness) (Appendix 5).

Primary outcome results

Medication appropriateness (as measured by an implicit tool)

It is uncertain whether pharmaceutical care improves medication
appropriateness (as measured by an implicit tool) because the
certainty of this evidence is very low (8 studies, 947 participants).
Six studies reported medication appropriateness using an implicit
(judgement-based) assessment tool (Bucci 2003; Crotty 2004a;
Muth 2016; Romskaug 2020; Shim 2018; Syafhan 2021), and
further unpublished data were received from the authors of two
studies (Crotty 2004b; Spinewine 2007). All of these studies used
the Medication Appropriateness Index (MAI) as the implicit tool.
Comparison of medication appropriateness (as measured by an
implicit tool) from baseline to follow-up between the intervention
group and the usual care group is shown in Analysis 1.1. Overall, a
greater improvement in medication appropriateness (as measured
by an implicit tool) post-intervention was seen in the intervention
group compared with the control group (mean diHerence (MD)

-5.66, 95% confidence interval (CI) -9.26 to -2.06; I2 = 97%; 8 studies,
947 participants; Analysis 1.1). Marked heterogeneity between
studies was noted (97%). Crotty 2004a reported a unit of analysis
error; nursing homes were the unit of randomisation, but the
analysis was conducted at the participant level. A sensitivity
analysis excluding Crotty 2004a showed a similar improvement in
medication appropriateness (as measured by an implicit tool) in
favour of the intervention group (MD -5.97, 95% CI -10.08 to -1.85;

I2 = 97%; 876 participants; Analysis 1.2).

We downgraded the certainty of the body of evidence for
medication appropriateness (as measured by an implicit tool) to
very low. The evidence was downgraded by one level due to
study limitations/risk of bias and imprecision, and indirectness of
evidence, and by two levels due to inconsistency of eHect.

We identified very serious design limitations with implications in
terms of selection bias, performance bias, reporting bias and risk
of contamination bias in several studies. We deemed Spinewine
2007 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.

In terms of indirectness, 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, these interventions did
not directly target appropriate polypharmacy. Additionally, we

identified evidence of inconsistency (I2 = 97%), as well as
imprecision in the eHect estimate, whereby the 95% CI was wide
and/or crossed the line of no eHect. We did not assess publication
bias due to there being fewer than 10 studies.

Potentially inappropriate medications (PIMs) (including the
number of PIMs and the proportion of patients with one or more
PIM)

Pooled data from nine studies showed that the number of PIMs
was lower in the intervention group participants compared with
usual care group participants postintervention (standardised mean

diHerence (SMD) -0.19, 95% CI -0.34 to -0.05; I2 = 67%; 9 studies,
2404 participants; Analysis 1.3) (Auvinen 2021; Bladh 2011; Clyne
2015; Coronado-Vazquez 2019; Garcia-Gollarte 2014; Koberlein-
Neu 2016; Pitkala 2014; Schmader 2004; Spinewine 2007). The
numbers of PIMs were determined using explicit (criterion-based)
assessment tools, including Screening Tool of Older Person’s
Prescriptions (STOPP) (version 1: Gallagher 2008; a version adapted
for Spanish context by Delgado Silveiro et al (2009) as used by
Coronado-Vazquez 2019), and Beers (1997 version: Beers 1997;
2003 version: Fick 2003; 2012 version: Coronado-Vazquez 2019),
PRISCUS criteria (Holt 2010), the drug-specific quality indicators
established by the Swedish National Board of Health and Welfare
(Fastbom 2015), and the Meds 75+ database (Auvinen 2021).
However, it is uncertain whether pharmaceutical care reduces
the number of PIMs because the certainty of this evidence is
very low. The Olsson 2012 study reported the number of drug-
risk indicators per patient according to the drug-specific quality
indicators established by the Swedish National Board of Health and
Welfare, and the Campins 2017 study reported the proportion of
patients with at least one drug discontinuation based on STOPP
criteria. The latter two studies were not included in the meta-
analyses as we were unable to extract the data required to enable
comparison with the other studies.

Thirteen studies reported the proportions of patients with one
or more PIM before and aQer intervention (Blum 2021; Boersma
2019; Clyne 2015; Dalleur 2014; Franchi 2016; Frankenthal 2014;
Fried 2017; Gallagher 2011; Garcia-Gollarte 2014; Haag 2016; Milos
2013; Spinewine 2007; Thyrian 2017). The proportions of patients
with one or more PIM were determined using explicit (criterion-
based) assessment tools, including STOPP (version 1: Gallagher
2008; version 2: O'Mahony 2015), and Beers (1997 version: Beers
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1997 and 2012 version: AGS 2012; and 2019 version: AGS 2019)
(Appendix 2), the Tool to Reduce Inappropriate Medication (TRIM)
recommendations based on Beers (2012 version: AGS 2012) and
STOPP criteria (version 1: Gallagher 2008), PRISCUS (Holt 2010)
and the drug-specific quality indicators established by the Swedish
National Board of Health and Welfare (Fastbom 2015). Pooled
data from 13 studies showed that improvements were reported
in the proportion of intervention patients with one or more PIM,
compared to the control group participants, between baseline and

discharge (risk ratio (RR) 0.81, 95% CI 0.68 to 0.98; I2 = 84%; 13
studies, 4534 participants; Analysis 1.4). There was considerable

heterogeneity among the 13 trials (heterogeneity: Tau2 = 0.08; Chi2
= 73.08, df = 12 (P < 0.00001); I2 = 84%). It is uncertain whether
pharmaceutical care reduces the proportion of patients with one or
more PIM because the certainty of this evidence is very low.

We downgraded the certainty of the body of evidence for the
proportion of patients with one or more PIM to very low. We
identified very serious design limitations with implications in terms
of selection bias, performance bias and risk of contamination
bias in several studies. We deemed Spinewine 2007 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. We downgraded the certainty of evidence 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, we identified

evidence of inconsistency (I2 = 84%) as well as imprecision in the
eHect estimate, whereby the 95% CI was wide and/or crossed the
line of no eHect, which resulted in the downgrading of the certainty
of evidence.

We assessed publication bias for studies that assessed the
proportion of patients with one or more PIM, however little
evidence of this was found (Figure 4).

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

Pooled data from three studies showed that the number of PPOs
was lower in the intervention group participants compared with
usual care group participants postintervention (SMD -0.48, 95%

CI -1.05 to 0.09; I2 = 92%; 3 studies, 691 participants; Analysis
1.5) (Coronado-Vazquez 2019; Garcia-Gollarte 2014; Spinewine
2007). The number of PPOs was determined using explicit
(criterion-based) assessment tools, including Assessing Care of the
Vulnerable Elderly (ACOVE) (version 1: Wenger 2001) and START
(version 1: Gallagher 2008). Pharmaceutical care may slightly
reduce the number of PPOs, but this is uncertain (very low-certainty
evidence).

We downgraded the certainty of the body of evidence for
the number of PPOs to very low. We identified very serious
design limitations with implications in terms of selection bias,
performance bias and risk of contamination bias, which were were
high or unclear in Spinewine 2007, and unclear in Garcia-Gollarte
2014. Risks of selection bias, performance bias and attrition bias
were high or unclear in Coronado-Vazquez 2019. We deemed
Spinewine 2007 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.

Seven studies also reported the proportion of patients with one or
more PPO (Blum 2021; Boersma 2019; Frankenthal 2014; Gallagher
2011; Garcia-Gollarte 2014; Haag 2016; Spinewine 2007). The
proportions of patients with one or more PPO were determined
using explicit (criterion-based) assessment tools, including START
(version 1: Gallagher 2008; version 2: O'Mahony 2015), and ACOVE
(version 1: Wenger 2001). The proportion of patients in the
intervention group with one or more PPO was lower than for those

in the control group (RR 0.50, 95% CI 0.27 to 0.91; I2 = 95%; 7
studies, 2765 participants; Analysis 1.6). There was considerable

heterogeneity among the seven trials (heterogeneity: Tau2 = 0.58;
Chi2 = 124.32, df = 6 (P < 0.00001); I2 = 95%). It is uncertain whether
pharmaceutical care reduces the proportion of patients with one or
more PPO because the certainty of this evidence is very low.

We downgraded the certainty of the body of evidence for the
proportion of patients with one or more PPO to very low due
to very serious design limitations with implications in terms of
selection bias, performance bias and risk of contamination bias in
several studies. We deemed Spinewine 2007 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. We

identified evidence of inconsistency (I2 = 95%), which resulted in
the downgrading of the certainty of evidence.

Hospital admissions

Fourteen studies measured hospital admissions postintervention
(Blum 2021; Campins 2017; Crotty 2004b; Curtin 2020; Franchi
2016; Frankenthal 2014; Gallagher 2011; Haag 2016; Muth 2018;
Romskaug 2020; Spinewine 2007; Strauven 2019; Syafhan 2021;
Taylor 2003; 4797 participants).

Hospital admissions were reduced in two studies postintervention
(Crotty 2004b; Taylor 2003), with the remaining 12 finding little or
no diHerence between intervention and usual care groups.

While two of the new studies included in this review found no
significant diHerence in hospital admissions between intervention
and control groups, notable results were presented (Strauven
2019; Syafhan 2021). Strauven 2019 found that the median
number of days per hospitalisation of nursing home residents
was significantly lower in the intervention group compared to the
control group (intervention 7.0 days (interquartile range (IQR) 0 to
11), control 8.0 days (IQR 3 to 15.8); ratio 0.578, 95% CI 0.366, 0.913,
P = 0.0203). Syafhan 2021 found a significant decrease in unplanned
hospital admissions in the intervention group during the six-month
study period compared to the previous six months (total number
six months pre-study = 40, mean 0.2 ± SD -0.51; total number six-
month follow-up = 21, mean 0.1 ± SD 0.40; P = 0.023).

Taylor 2003 reported a reduction in both the number of hospital
admissions (P value = 0.003) and the number of emergency
department visits (P value = 0.044) during the intervention year
compared with preintervention. Crotty 2004b reported less hospital
usage among participants who received the intervention and were
still alive at eight weeks postintervention compared with usual
care group participants (risk ratio (RR) 0.38, 95% CI 0.15 to 0.99).
However, analysis of all participants including deaths and losses
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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% CI 0.28 to 1.21).

Because of diHerences in the methods used to measure hospital
admissions and the presentation of results, a meta-analysis was
not possible for studies reporting hospital admissions. Despite the
absence of a meta-analysis, we carried out a GRADE assessment
using the available narrative summaries (Summary of findings 1).

Secondary outcome results

Medication-related problems (e.g. adverse drug reactions
(ADRs), drug-drug interactions (DDIs))

Medication-related problems were reported in 10 studies (Auvinen
2021; Blum 2021; Crotty 2004b; Franchi 2016; Hanlon 1996;
O'Mahony 2020; Schmader 2004; Syafhan 2021; Taylor 2003;
Wehling 2016; 6740 participants) using diHerent terms. A number of
studies gave details concerning how medication-related problems
were identified and measured, such as via hospital records
(Wehling 2016), patient self-report during closeout telephone
interviews (Hanlon 1996), reviewing the adverse event narrative
using Naranjo’s algorithm (Schmader 2004), using soQware to
detect DDIs, such as INTERcheck® (Franchi 2016), the SFINX drug-
drug interaction database (Auvinen 2021), SafeScript (O'Mahony
2020) and a statistical package, developed to examine patient data,
which was based on a validated consensus list published in 2021
(Blum 2021).

No consistent intervention eHect on medication-related problems
was noted across studies. Five studies reported medication-related
problems as adverse drug events (ADEs) (Blum 2021; Crotty 2004b;
Hanlon 1996; Schmader 2004; Wehling 2016), while O'Mahony
2020 measured adverse drug reactions (ADRs). Schmader 2004
showed that the risk of a serious ADE was reduced (RR 0.65,
95% CI 0.45 to 0.93; P value = 0.02) in a geriatric outpatient
clinic compared with usual outpatient care; however, little or no
diHerence in the risk of an ADE was noted when all types of
ADEs were considered (RR 1.03, 95% CI 0.86 to 1.23; P value =
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
significantly reduced by implementation of the FORTA-based
intervention (P value < 0.05). Blum 2021, Crotty 2004b, Hanlon 1996
and O'Mahony 2020 showed little or no diHerence between the
proportions of intervention and usual care group participants with
ADEs/ADRs at follow-up. Franchi 2016 also reported no decrease
in the prevalence of at least one potential DDI (odds ratio (OR)
0.67, 95% CI 0.34 to 1.28) and potentially severe DDI (OR 0.86,
95% CI 0.63 to 1.15) at discharge. Taylor 2003 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 (P value = 0.73).

Auvinen 2021 reported drug-drug interactions, specifically the
number of patients classified as having interactions that can be
handled or should be avoided. While the numbers in each class
decreased over the six-month study period, the diHerence between
intervention and control groups was not significant.

Syafhan 2021 reported a significant decrease in the median
number of medication-related problems from baseline to the third
assessment point among 118 intervention patients (baseline 360
MRPs, median 3.0 (2 to 4); third assessment 87 MRPs, median 0.5 (0
to 1); P < 0.001).

Adherence to medication

Nine studies reported adherence to medication. Four studies
reported little or no diHerences in adherence scores between
intervention and control groups at follow-up based on the Morisky-
Green test and adapted Morisky Medication Adherence Scale
(Campins 2017; Haag 2016; Muth 2016; Muth 2018). Blum 2021
measured drug compliance and found no significant diHerence
between the intervention and control groups at two and 12 months
using the MMAS-8 (Medication Adherence Scale) for this outcome.
Syafhan 2021 used the Medication Adherence Report Scale (MARS)
but the only results presented were median scores of 24 for both
intervention and control groups throughout the study.

One study (69 participants) reported adherence to medication in
terms of compliance scores, calculated through assessment of
participants' reports of missed doses (Taylor 2003). 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 (33 participants), but the
control group (36 participants) did not change from 88.9% ± 5.8%
at baseline to 88.9% ± 6.3% at 12 months (P value = 0.115).

Coronado-Vazquez 2019 measured medication adherence as
a subgroup of medication appropriateness and focused on
adherence to treatment in the intervention and control
groups. While medication appropriateness was assessed by a
family physician using START, STOPP and Beers criteria, it is
unclear how medication adherence was measured. The authors
stated that nurses performed a functional, mental and social
assessment, "also determining the level of adherence to the
treatment". Reported results showed that in patients with "good"
medication adherence, medication appropriateness was 62% in the
intervention group and 37.9% in the control group (P = 0.005).

Shim 2018 measured medication adherence at baseline and just
aQer the intervention ended at six months using the Malaysian
Medication Adherence Scale (MALMAS), a validated instrument for
assessing patients’ medication in Malaysia. In the intervention
group, 22 patients (30.1%) had a score representing non-adherence
at six months, and 51 (69.9%) were classified as adherent. In the
control group, 54 patients (68.4%) had non-adherence and 25
(31.6%) had adherence (P < 0.001).

Because of diHerences in methodology in the 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)

Sixteen studies assessed QoL using six diHerent scales (EQ-5D,
SF-36, SF-12, 15D, QUALIDEM and ICECAP-O) (Basger 2015; Bladh
2011; Blum 2021; Campins 2017; Curtin 2020; Frankenthal 2014;
Hanlon 1996; Muth 2016; Muth 2018; Olsson 2012; O'Mahony 2020;
Pitkala 2014; Romskaug 2020; Syafhan 2021; Taylor 2003; Thyrian
2017; 7458 participants).
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In the Pitkala 2014 study, there was a decline in QoL (using the
15D) in both the intervention and usual care groups, although the
decline was significantly lower in the intervention group (-0.038 in
the intervention group versus -0.072 in the usual care group).

Blum 2021 reported an improvement in QoL in both groups, but
with a significant improvement within the intervention group
at 12 months. Curtin 2020 reported a significant decline in
QoL in both groups from baseline to three-month follow-up,
but no significant diHerence between groups. In the O'Mahony
2020 study, the change in QoL for all patients was statistically
significant, however there was no significant diHerence between
the intervention and usual care groups. Romskaug 2020 found a
statistically significant diHerence between groups at the 16-week
follow-up point, favouring the intervention group.

No changes in QoL were detected in 10 studies (Bladh 2011;
Basger 2015; Campins 2017; Frankenthal 2014; Hanlon 1996; Muth
2016; Muth 2018; Olsson 2012; Syafhan 2021; Taylor 2003; Thyrian
2017). While Syafhan 2021 found no diHerence between groups, the
usual care group demonstrated a statistically significant decline in
the visual analogue score (VAS) of the EQ-5D-5L questionnaire at
follow-up (the VAS is one of two sections of the EQ-5D-5L).

Because of diHerences in methodology in the measurement of
quality of life and the expression of results, a meta-analysis was not
possible for studies reporting quality of life, however we carried out
a GRADE assessment using the narrative summaries (Summary of
findings 1).

It was also not possible to perform an assessment of the evidence
on the theoretical basis underpinning the interventions as no
studies presented clear descriptions of the theories that had
informed the intervention development process.

D I S C U S S I O N

Summary of main results

The addition of 10 studies to this updated review, which now
includes 38 studies (four from the previous version of the review
were excluded because of our decision to confine the updated
review to randomised controlled trials in an eHort to maximise
the quality of the evidence), represents a marked increase in
intervention studies that have been conducted since this review
was last published, aimed at improving appropriate polypharmacy
in older people. However, these additional 10 studies had little
impact on the overall findings of the review. Some of the included
studies were limited by their small sample sizes and poor certainty
of evidence (as assessed using GRADE).

This review examined outcomes of medication appropriateness
(as measured by an implicit tool), PIMs (including number of PIMs
and the proportion of patients with one or more PIM) and PPOs
(including the number of PPOs and the proportion of patients with
one or more PPO).

The standardised mean diHerence (SMD) is used as a summary
statistic in meta-analyses when the studies assess the same
continuous outcome but measure it in a variety of ways. For
example, in this review, the number of PIMs was measured using
diHerent explicit tools. It is therefore necessary to standardise
the results of the studies to a uniform scale before they can be
combined. The SMD expresses the size of the intervention eHect in

each study relative to the variability observed in that study. This
would also therefore ameliorate any diHerences between revised
versions of the same scale (i.e. Beers criteria: 1997, 2003, 2012 and
2019 versions).

Analysis of medication appropriateness (as measured by an implicit
tool) revealed greater heterogeneity among the included studies

(I2 = 97%), largely because of the influence of the results of
one study (Spinewine 2007). Overall, medication appropriateness
(as measured by an implicit tool) in the intervention group
postintervention was greater than that in the control group
and indicated an improvement in the appropriateness of the
medications prescribed (mean diHerence -5.66, 95% CI -9.26 to
-2.06) (Analysis 1.1). A sensitivity analysis in which Crotty 2004a
was removed because of a unit of analysis error showed a change
in the eHect estimate (mean diHerence -5.97, 95% CI -10.08 to
-1.85) (Analysis 1.2). It is uncertain whether pharmaceutical care
improves medication appropriateness (as measured by an implicit
tool) because the certainty of this evidence is very low.

When the studies measuring PIMs (i.e. based on the number of
PIMs and/or the proportion of patients with one or more PIM), as
determined using explicit tools (criterion-based), were combined,
for those measuring the number of PIMs (Auvinen 2021; Bladh
2011; Clyne 2015; Coronado-Vazquez 2019; Garcia-Gollarte 2014;
Koberlein-Neu 2016; Pitkala 2014; Schmader 2004; Spinewine 2007)
and the proportion of patients with one or more PIM (Blum 2021;
Boersma 2019; Clyne 2015; Dalleur 2014; Franchi 2016; Frankenthal
2014; Fried 2017; Gallagher 2011; Garcia-Gollarte 2014; Haag 2016;
Milos 2013; Spinewine 2007; Thyrian 2017), diHerences between
intervention and control groups favoured the intervention group
(Analysis 1.3; Analysis 1.4). It is uncertain whether pharmaceutical
care reduces the number of PIMs or the proportion of patients with
one or more PIM because the certainty of this evidence is very low.

When the studies measuring PPOs (i.e. based on the number
of PPOs and/or the proportion of patients with one or more
PPO), as determined using explicit tools (criterion-based), were
combined (the number of PPOs: Coronado-Vazquez 2019; Garcia-
Gollarte 2014; Spinewine 2007; the proportion of patients with
one or more PPO: Blum 2021; Boersma 2019; Frankenthal 2014;
Gallagher 2011; Garcia-Gollarte 2014; Haag 2016; Spinewine 2007),
there was a reduction in the proportion of patients with one or
more PPO in the intervention group compared to the control
group. The heterogeneity present in the meta-analysis may have
been due to the fact that the studies employed a number of
diHerent measurement instruments (Analysis 1.5; Analysis 1.6).
Furthermore, while diHerences between intervention and control
groups in the number of PPOs favoured the intervention group
when analysed in the previous version of this review, the addition
of one study (Coronado-Vazquez 2019) caused the pooled estimate
to cross the line of no eHect. It is uncertain whether pharmaceutical
care reduces the proportion of patients with one or more PPO
because the certainty of this evidence is very low.

The various tools used to assess inappropriate prescribing
in the included studies are surrogate markers of appropriate
polypharmacy. As was observed in previous versions of this
review, few studies examined clinical outcomes, and this should be
addressed in future studies. For example, only 14 studies reported
on hospital admissions and 16 on quality of life. However, we
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were unable to combine these results, as the reporting styles were
diHerent across studies.

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
interventions were pharmaceutical care interventions, which
included outreach by pharmacists, screening of automated
drug alerts by consultant pharmacists visiting nursing homes
and clinical pharmacist interventions in various settings. The
interventions were complex and most were multi-faceted with a
range of health professionals involved, however it was surprising
that, even among many of the 10 new studies added in this
update, little detail was provided on intervention development and
content.

Several studies employed computer programs designed to detect
PIMs, PPOs or drug-drug interactions as part of their interventions.
While results were disappointing, one study conducted follow-
up qualitative interviews towards the end of patient recruitment
with researchers and doctors involved in the study, based on the
Theoretical Domains Framework, to explore reasons for adherence
or lack thereof to the soQware program's prompts (O'Mahony
2020). At least four main reasons were discovered, including
prescriber “alert fatigue” caused by the computer program oQen
producing recommendations of little relevance to patients who
were acutely ill, that the busy, high-pressure acute hospital
environment was not conducive to delivering medication advice
in terms of timing and location, the diHering level of prescribers’
experience and their views of clinical trials, and patient-specific
issues such as medication preferences and clinical status in
hospital. The authors commented that consideration of these could
be useful in designing future interventions.

A number of studies stated that shared decision-making between
health professionals and patients was part of their intervention.
There were varying degrees of patient involvement in these
processes. Coronado-Vazquez 2019 based their shared decision-
making intervention on a model (Elwyn 2012) comprising a series
of steps and, in translating this to medication appropriateness,
developed a decision support tool.

Other studies commented that when drug regimen changes
had been decided upon by the health professional, they were
implemented if the patient accepted them (e.g. Auvinen 2021),
suggesting that minimal patient input was sought. It was not clear
what happened if the patient did not accept the proposed drug
changes.

Collaboration between health professionals was a commonly used
framework for interventions, including between geriatricians and
family doctors (Romskaug 2020), pharmacists and doctors (Shim
2018; Syafhan 2021), and general practitioners, pharmacists and
nurses (Strauven 2019).

Most of the new studies added in this update focused on
both stopping inappropriate medications and starting appropriate
drugs. This represents progress towards a more holistic approach
to prescribing (examining over- and under-treatment) compared
to the previous version of this review (Rankin 2018a), in which
the focus was oQen on deprescribing, and detecting inappropriate
medications and DDIs. The observed heterogeneity noted in the

pooled estimates means that the results of the meta-analyses
should be treated cautiously as the interventions did not seem
to work consistently across all studies. In addition, study-specific
factors, such as variation in the quality of studies, may have played
a role.

Although the eHect of interventions on potentially inappropriate
prescribing (PIP) was potentially promising and suggested that
some of the interventions described in this review may have helped
to improve the appropriateness of polypharmacy, despite observed
limitations in the available evidence, the clinical impact of these
reductions in inappropriate prescribing is not known. This is partly
due to the fact that the predictive validity of many assessment tools
has not been established (Cahir 2014).

Furthermore, few rigorously conducted studies have tested
interventions and examined clinically relevant outcomes such
as hospital admissions or ADEs. Fourteen studies in this
review reported hospital admissions postintervention (Blum 2021;
Campins 2017; Crotty 2004b; Curtin 2020; Franchi 2016; Frankenthal
2014; Gallagher 2011; Haag 2016; Muth 2018; Romskaug 2020;
Spinewine 2007; Strauven 2019; Syafhan 2021; Taylor 2003),
however we were unable to pool data due to heterogeneity in
terms of outcome assessment and reporting across studies. Eight
studies reported that the appropriateness of prescribing improved,
as was shown by reductions in PIMs, although the association with
hospital admissions was inconsistent (Crotty 2004b; Curtin 2020;
Gallagher 2011; Romskaug 2020; Spinewine 2007; Strauven 2019;
Syafhan 2021; Taylor 2003). Use of diHerent appropriateness scales
in the included studies made it diHicult to assess the impact of
any change of medication appropriateness on hospital admissions.
Similarly, some associations between measures of medication
appropriateness and medication-related problems appeared to
exist but were diHicult to assess because of variation in scales used
to measure outcomes and in reporting methods.

While an updated search was conducted in February 2023 to
identify the most recent, relevant studies, we were unable to
incorporate them into the analyses due to time constraints and
lack of capacity to undertake further data extraction. Potentially
eligible studies found in this search are listed in Studies awaiting
classification. There are 10 studies awaiting classification ranging
in sample size from 68 to 5663 patients.

We are not waiting for any specific study to be published. The
next update of this review may take place approximately two years
following publication of this version, thus the inclusion of further
studies may aHect the conclusions of this review.

Quality of the evidence

Evidence of potential bias was found in numerous studies. For
example, only 18 studies reported adequate concealment of
allocation, and only 11 reported appropriate protection from
contamination, both of which may have influenced the eHect
estimate in these studies and therefore the overall pooled estimate.

Although we identified 38 studies, pooled analyses remain limited.
For example, the meta-analysis based on the number of PPOs per
participant comprised just three studies. This limits the value of
any pooled eHect estimate. Furthermore, as shown in the Summary
of findings 1, the certainty of evidence presented in this review,
as described by the GRADE approach, remains low or very low.
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Despite confining our review to data from randomised trial designs
in the meta-analyses, the certainty of the body of evidence was
subsequently downgraded when each of the GRADE considerations
was taken into account (i.e. study limitations, consistency of
eHect, imprecision, indirectness, publication bias). This limits our
confidence in the pooled eHect estimates.

Considering study limitations, we downgraded studies due to
problems with a range of risk of bias domains, in particular
allocation concealment and blinding of participants and personnel.
When analysing consistency of eHect, we determined that
heterogeneity between studies was high in all meta-analyses, with
95% confidence intervals not overlapping, which led to the decision
to downgrade the certainty of evidence by one or two levels.
There was also heterogeneity in the interventions and considerable
statistical heterogeneity in some analyses.

For imprecision, we downgraded the certainty of evidence by
one level in four out of the nine meta-analyses, due to wide
confidence intervals. To judge the indirectness of evidence, we
considered whether studies incorporated a validated assessment
of under-prescribing and, if not, they were not a direct assessment
of appropriate polypharmacy. We downgraded the certainty of
evidence in eight of the nine meta-analyses for this reason.

Based on observed heterogeneity in the pooled eHect estimates,
the findings of the meta-analyses (medication appropriateness
(as measured by an implicit tool), the number of PIMs and
the proportion of patients with one or more PIM or PPO)
should be 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 diHerences in
the timing of follow-up assessments. In addition, study-specific
factors such as variation in study quality may have played a
role. However, no systematic approach was used to ensure a
consistent level of detail in published reports of the interventions.
Other information pertinent to intervention success, such as
documentation, communication and intervention pharmacists'
level of access to clinical records, was not clearly reported in the
papers.

Potential biases in the review process

Our review was conducted using standard Cochrane methodology,
based on a thorough literature search. Two review authors in our
team screened all search results in order to reduce the risk of
missing a study for inclusion. To ensure that the inclusion criteria
had been consistently applied, the review authors discussed
studies for possible inclusion and if any disagreement remained
an additional review author's input was sought. Agreement was
reached on all studied included and excluded.

We placed no language restrictions on the search strategy, but all of
the included trials were published in English and all but one were
conducted in high-income countries (Shim 2018 was conducted
in Malaysia, an upper middle-income country). We only assessed
publication bias for outcomes with more than 10 studies, namely
the proportion of patients with one or more PIM, and the funnel plot
showed no apparent publication bias.

The number of studies in each category was quite small and
findings were very diHicult to interpret, therefore studies were

pooled. We attempted to conduct a comprehensive search for
studies, but the fact that 10 studies have not yet been assessed may
be a source of potential bias.

Agreements and disagreements with other studies or
reviews

A systematic scoping review to examine interventions designed to
optimise prescribing and/or adherence in older adults with cancer
had similarities to our review, such as diHerent methods being used
to assess prescribing-related outcomes and adherence, and a lack
of rigour and detail concerning intervention development (Murphy
2022).

Mekonnen 2021 examined the association between potentially
inappropriate prescribing (PIP) and health-related and system-
related outcomes in hospital inpatient settings. Just one of the 63
included studies was a randomised controlled trial. Rather than
analyse the number of PIPs, which comprised PIMs and PPOs,
across studies, this systematic review focused on the association
of PIPs with various outcomes such as mortality, length of hospital
stay, quality of life and falls. It was found that the occurrence of
PIPs during hospital stay had significant associations with health
and system-related outcomes, including hospitalisation due to
medication (measured by 12 out of 63 studies), ADEs (reported
by 23 studies), functional decline (reported by 12 studies), falls
(reported by two studies) and healthcare costs (reported by three
studies). No significant association was found between PIPs and all-
cause mortality (measured by 19 studies), or hospital readmissions
(measured by 18 studies). The authors commented that the most
important finding of their review was that outcomes were mostly
related to PIMs because none of the included studies examined the
eHect of PPOs on adverse drug events, functional decline, falls or
cost. Another systematic review aimed to evaluate interventions
that were designed to improve prescribing among frail older
people in secondary or acute care settings (Saeed 2021). Three
randomised controlled trials met the inclusion criteria, and the
authors commented that one reason for such a low number could
have been because they stipulated that eligible studies had to
include a diagnosis of frailty using a validated instrument. All
three studies are included in our current review (Curtin 2020;
Dalleur 2014; Schmader 2004). These latter studies reported
significant improvements in prescribing appropriateness following
interventions that involved comprehensive geriatric assessment
(Schmader 2004) and deprescribing plans (Curtin 2020; Dalleur
2014). However, no significant changes were found relating to
clinical outcomes such as hospital admissions, falls, fractures,
quality of life and mortality.

Xu 2021 conducted a systematic review to analyse factors aHecting
potentially inappropriate prescriptions in older adults in primary
care, and also barriers to prescribing optimisation. They included
14 qualitative studies, 34 cross-sectional and two cohort studies.
Clinical factors (including medication count and co-morbidities)
and non-clinical factors (such as age and sex) associated with
potentially inappropriate prescriptions were presented.

The review undertaken by Mucherino 2022 focused on the
interventions designed to reduce potentially inappropriate
prescriptions and the resulting impact on healthcare costs. While
only one study of the 18 included in the review was a randomised
controlled trial, the considerable and avoidable economic impact
of PIMs was presented.
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A U T H O R S '   C O N C L U S I O N S

Implications for practice

The evidence obtained when the results of the studies were
combined is rather weak, and it is uncertain whether interventions
provided to improve appropriate polypharmacy, such as
pharmaceutical care, resulted in clinically significant improvement.
Uncertainty surrounds the eHects of such interventions on hospital
admissions and medication-related problems, and it could be
argued that these are the critical outcomes for patients. However,
the pooled eHect estimates suggest some improvements in
outcomes such as medication appropriateness and the number of
potentially inappropriate medicines (PIMs) but due to limitations
with the quality of evidence, uncertainty exists. There was a lack of
certainty regarding the eHects of pharmaceutical care interventions
included in this review on inappropriate prescribing (medication
appropriateness, the number of PIMs, the proportion of patients
with one or more PIM, the number of potential prescribing
omissions (PPOs) and the proportion of patients with one or more
PPO).

In previous iterations of this review, several studies focused on
reducing the number of medications, rather than on improving
the overall appropriateness of prescribing, including under-
prescribing, that is, recommending medications that are clinically
indicated yet are currently missing. An increasing number of studies
meeting the inclusion criteria included a validated assessment of
under-prescribing; four studies in this updated review assessed
under-prescribing, adding to the six studies reported in the
previous version. Furthermore, an increasing number of studies
meeting the inclusion criteria also included a measure of quality of
life, however only three of the 16 studies reported a benefit.

Given the diHiculties involved in applying the results of clinical
studies to older people, physicians should carefully consider their
sources of evidence and recommendations to find the right balance
between avoiding the 'risk/treatment paradox' (high-risk older
patients denied safe medications capable of materially improving
survival or quality of life) and avoiding inappropriate use of
medications for which risks are likely to outweigh benefits (Scott
2010). It must also be noted that the intervention studies included
in this review focused on reducing inappropriate prescribing of
prescription medications and over-the-counter (OTC) medication
use was oQen not assessed, nor was it specifically examined as
part of this review. OTC medication use is common among older
patients receiving prescription medications with the potential
for drug interactions to occur (Agbabiaka 2017). This should not
be overlooked by healthcare professionals when reviewing older
patients’ medication use.

Based on the findings of our updated review, it is clear that with
the inclusion of more studies from 2018 onwards, there has been
increasing emphasis on multi-disciplinary healthcare teams and
collaboration between pharmacists, doctors and nurses, as well as
the patient being involved to varying degrees in decision-making.

However, we are still uncertain about which elements of the
intervention processes constitute success in improving appropriate
polypharmacy. For example, it cannot be stated with certainty
whether it is suHicient to provide the intervention during a single
episode of care, or on a daily, weekly or monthly basis, how long
the intervention should last and the level of input from each health

professional. The 10 studies in 'Studies awaiting classification' may
alter the conclusions of the review once assessed.

Implications for research

The aim of many of the intervention studies included in this review
was to reduce harm resulting from inappropriate prescribing and to
ensure that older people were prescribed appropriate medications
that enhance their quality of life.

Overall, the quality of the studies in this review was poor, and
further research should attend to rigour in study design. We
found that there was a lack of consistency and reporting of the
characteristics and implementation of the interventions.

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 delivery were lacking. It is widely
recognised that better understanding of the characteristics and
implementation of complex interventions is needed (Ali 2022).
The methods sections of studies provided little detail on how
complex interventions were developed, how trials were designed
and how staH were trained in delivery of the intervention. StaH
training is important to ensure consistency; the receptiveness
of prescribers, patients and staH in various settings will have
an impact on the uptake and eHectiveness of interventions in
older people. Other information pertinent to the 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.

Methods of specifying and reporting complex interventions,
as well as their implementation strategies, are necessary to
strengthen the evidence base required for interventions to be more
eHective, implementable and replicable across diHerent 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; Skivington 2021).
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 eHectiveness of the intervention. One of the newly
included studies in this review (Strauven 2019) noted that the
authors followed MRC guidelines (Craig 2008).

Another referred to the MRC guidance (Craig 2008) in their
published protocol (Romskaug 2017). Romskaug 2017 commented
on the “major challenge” of describing a complex intervention
with enough detail and accuracy to enable replication. The authors
stated in their protocol that their strategy would be to describe in
detail the interventions, especially the changes made to patients’
drug regimens, “to compensate for the necessary degree of
pragmatism”. Although a description of the intervention appeared
in the final trial paper (Romskaug 2020), it was not clear how the
MRC guidance had informed the development of the intervention.

Adequate documentation of intervention development and
intervention content as well as the training and background of
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providers that may be critical to intervention eHectiveness is
essential for facilitating replication of successful interventions in
practice. However, no studies included in this review referred to
using available intervention tools reporting, such as the TIDieR
(Template for Intervention Description and Replication) checklist
(HoHmann 2014).

The framework of the MRC guidance (Craig 2008; Skivington
2021) also outlines the potential application of qualitative
methodologies, such as semi-structured interviews, to involve
users and to gain insights into the processes of change that underlie
the intervention. For example, establishing the reasons why not all
interventions are accepted may be enlightening and may support
research into the development of more successful interventions.
There appears to be a ceiling eHect (approximately 75%), whereby
inappropriate prescribing continues despite the evidence base of
interventions (Furniss 2000; Zermansky 2006).

A process evaluation, including qualitative interviews of
prescribers, may uncover reasons as to why they did not accept
interventions (e.g. timing or appropriateness of provision of the
intervention, the expertise of providers). Among the 10 newly
included studies in this update, only two conducted a process
evaluation (O'Mahony 2020; Strauven 2019). O'Mahony 2020
included qualitative interviews based on the Theoretical Domains
Framework to try to understand the underlying mechanisms of
their intervention, including adherence to soQware-guided advice.

Anrys 2016, who published a protocol for one of the newly included
studies in this review (Strauven 2019), commented that to enable
policymakers to roll out a larger-scale intervention it is necessary
to know what works and why. Referring to MRC guidance on
process evaluations (Moore 2015), Strauven 2019 reported that a
detailed process evaluation had been completed alongside the
intervention. A brief summary of this evaluation was provided in
the main trial paper (Strauven 2019), while the detailed process
evaluation indicated that GPs who were open to suggestions from
other healthcare professionals (HCPs) were seen to facilitate the
implementation of the intervention (Anrys 2016).

Additionally, poor prescribing practice must be explored and
understood with the goal of learning how to improve it and how to
enhance patient safety by reducing the need for intervention. The
importance 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), it is likely that policy-makers
will continue to be interested in the costs of these types of
interventions.

It is important that suHicient detail about the context in which
complex interventions are conducted, such as those included in
this review, is reported and understood, so the transferability of
complex interventions can be assessed (Wells 2012). For example,
heterogeneity among older people in relation to diHering levels
of frailty (Spinewine 2007a) means that translational research
and retesting of successful interventions may be necessary in
dissemination to new populations, as a population of quite healthy
70-year-old people may respond diHerently to an intervention
compared with a group of very frail 92-year-old individuals.
Skivington 2021 emphasised that detailed reporting of context is
critical in understanding implementation; an intervention reported
as eHective in one situation could be harmful in another, diHerent,

setting. The authors added that key features of an intervention’s
context are physical, spatial, organisational, social, cultural,
political or economic, and that the eHects of an intervention can
vary dependent on these features.

It is worth noting that only two of the included studies followed
participants for longer than 12 months (Frankenthal 2014; Strauven
2019). The newly included studies had a follow-up period of
between three months and 15 months. The lack of evidence of
eHectiveness of pharmaceutical care interventions may be due
in part to inadequate length of follow-up. Future studies should
be longer in duration, to address this issue and to evaluate the
longer-term sustainability of pharmaceutical care interventions in
improving the appropriate use of polypharmacy for older people.
However, funding constraints for such studies may also be a barrier.

Perhaps most critically, the selection of clinical and humanistic
outcomes appropriate for older people (e.g. hospital admissions,
adverse drug events (ADEs)) will be important to consider in future
studies. Strategies for improving the evidence base for older patient
care have been reviewed by Scott 2010. Indeed, a key challenge for
interventions aimed at improving appropriate polypharmacy for
older people is the selection and reporting of consistent outcomes
(i.e. patient-related or medication-related outcomes). The Core
Outcome Measures for EHectiveness 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). A COS is an agreed and standardised set of
outcomes or outcome domains that should be measured and
reported, as a minimum, in all trials in a specific clinical area.
Alongside the Core Outcome Set-STAndards for Reporting (COS-
STAR) guidelines (Kirkham 2016), the development of COSs in
a specific health area should facilitate more robust synthesis
of evidence in the future. A COS for use in interventions to
improve the appropriate use of polypharmacy for older people
in primary care is now available (Rankin 2018). However, there
has been little uptake of this COS to date. Furthermore, the
selection of appropriate outcome measure instruments also needs
close attention, particularly for use in the older population where
changes may be more diHicult to detect.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Study design: randomised controlled trial

Setting: home care settings in Finland

Unit of allocation/analysis: participant

Follow-up: 6 months

Duration: unclear

Providers: interprofessional team consisting of a pharmacist, physician and registered nurse

Participants 512 randomised (intervention = 258; usual care = 254 patients)

Mean age 84 years

Women = 72%; men = 28%

Race: not given

The mean Charlson Comorbidity Index of participants was 2.5 (SD 1.6); 92% of patients had cardio-
vascular disease; 61% had a disease of the musculoskeletal system; 36% had diabetes; 33% had cere-
brovascular disease; 31% had dementia; 81% had at least mild renal insufficiency (glomerular filtration
rate 80 mmol/min or less).

The mean number of regularly taken drugs was 9.2 (range: 2 to 20) in the intervention and 9.5 (range: 1
to 20) in the usual care group. The number and range of drugs taken as needed was 3.5 (0 to 20) and 3.8
(0 to 13) in the intervention and usual care groups, respectively.

Interventions Model of care: structured medication assessment conducted by a pharmacist, physician and registered
nurse

Timing: one medication assessment in patient's home care setting

Baseline measurements consisted of a nurse checking patient prescriptions and over the counter drugs
with them at their home, asking the patient about the actual use of drugs and updating the medication
lists. Assessments carried out by nurse of patients’ physical functioning and performance in daily activ-
ities.

Data collected on demographic variables and patient characteristics

Auvinen 2021 
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Physician on the home care team documented patients’ diagnoses from existing medical records. A
modified Charlson Co-Morbidity Index was used to describe the home care patients’ disease burden.
The glomerular filtration rate was calculated.

Within 2 weeks of the baseline measurements, an interprofessional team consisting of a pharmacist,
physician and registered nurse who worked regularly in home care conducted the structured medica-
tion assessment. Patients’ updated and verified medication lists; current health measurements and
electronic medical records, including medical history, were available during the assessment. Before
the team meeting, the pharmacist reviewed the patients’ medication lists using 4 databases, which
were available in the Terveysportti.fi health portal. The databases were used to identify DDIs, medica-
tion-induced renal risks, risks of clinically relevant adverse effects at a single drug level and as pharma-
codynamic risk loads in the whole medication, and the appropriateness of drugs for older people. The
physician gathered information from patients’ medical records and on current clinical status.

In the interprofessional team meeting, the professionals discussed patients’ current clinical condition
and reviewed their medications, considering the current health status and clinically significant aspects.
The pharmacist focused his or her medication review recommendations on clinically relevant issues
that came up in the team discussion. The physician made clinical decisions and wrote recommenda-
tions into patients’ medical records. After the team meeting, the nurse updated the patient’s medica-
tion regimen. If the patient did not participate in the team meeting, the nurse informed the patient
about the changes and the changes were implemented if the patient accepted them.

The pharmacists involved had a qualification in comprehensive medication review or current continu-
ing professional development in clinical pharmacy. All interprofessional team members received a one-
day training or personal introduction on the FIMA protocol.

Control group: usual care

Outcomes All drugs (number of drugs regularly taken and number of drugs taken as needed); measured at base-
line and 6 months

Drug-drug interactions (measured using SFINX database – 2 classes – drug interactions can be handled
and drug interactions should be avoided); measured at baseline and 6 months

Risk of drug-induced impairment of renal function (RENBASE – 2 classes – drug modification needed
and the drug should be avoided); measured at baseline and 6 months

Medication-related risk load (PHARAO database – 2 classes – moderate risk of adverse events and high
risk); measured at baseline and 6 months

PIMs (Meds75+ database). Drugs are placed in 4 categories to indicate how suitable they are for peo-
ple aged over 75 years. Category A indicates the drug is suitable; category B indicates little research ev-
idence, practical experience or efficacy in older persons; category C highlights that the drug is suitable
for older persons but with specific cautions; and category D indicates that the drug should be avoided
in older people. The authors used the Meds75+ class D to define the use of PIMs among home care pa-
tients. This was measured at baseline and 6 months.

Notes Funding: The FIMA Study concept, design and acquisition of data were funded by the Ministry of Social
Affairs and Health, Finland. Preparation of the present manuscript was supported by the South Savo
Regional Fund of the Finnish Cultural Foundation, The Finnish Medical Foundation and Outpatient Care
Research Foundation.

Contact with authors: we contacted the authors of this study to ascertain whether two of their medica-
tion databases were validated measures of prescribing appropriateness. The authors replied to confirm
that they were validated measures.

Risk of bias

Bias Authors' judgement Support for judgement

Auvinen 2021  (Continued)

Interventions to improve the appropriate use of polypharmacy for older people (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

43



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Random sequence genera-
tion (selection bias)

Low risk Patients were randomised into the intervention or control group in blocks of
10.

Allocation concealment
(selection bias)

Unclear risk It is not stated who carried out allocation or randomisation or if they knew of
the next upcoming assignment.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Not possible to blind the participants or personnel implementing the interven-
tion.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to make decision.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcome data were completed and presented in the Results section.

Selective reporting (re-
porting bias)

Low risk Not detected.

Protection against conta-
mination

High risk The same interprofessional teams examined patients from intervention and
control groups so there is potential for contamination.

Auvinen 2021  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: private hospital and homes of older patients in Sydney, Australia

Unit of allocation/analysis: participant

Follow-up: 3 months post discharge

Duration: unclear

Providers: clinical pharmacist, GPs and registered nurses

Participants Quote: “216 older patients (over 65 years old) were randomised into control or intervention groups at
discharge from a 50 bed private hospital in Sydney, Australia. Patients were admitted for treatment
of chronic medical conditions such as diabetes and heart failure, in addition to rehabilitation after
joint replacement surgery performed at other hospitals. Their medical conditions and medications
were representative of older Australian community patients. Eligibility criteria consisted of age over 65
years, English speaking, taking five or more medications and living within a 15 km radius of the hospi-
tal. Patients with cognitive impairment were excluded”

Focus on polypharmacy: included participants taking 5 or more medications (number of regular med-
ications reported as control patients: 10.6 ± 3.2, range 4 to 20; intervention patients 11.3 ± 3.3, range 4
to 20; P value = 0.11)

Age (mean): 82.7 ± 7.3 years, range 65 to 97 years intervention, 80.2 ± 6.7 years, range 65 to 93 years con-
trol

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

Interventions Model of pharmaceutical care: pharmacists worked on hospital wards as a clinical pharmacy service,
the pharmacist(s) conducted an independent medication review together with participants during a
face-to-face encounter, which was sent to the patient’s own GP

Training: unclear if training was provided as part of the intervention

Timing of intervention: at hospital discharge

Quote: “Intervention patients then received medication counselling and an in-depth interview from the
clinical pharmacist to facilitate completion of a medication review, sent to their GP within 3 days of dis-
charge. Medication review consisted of medication reconciliation, identification of (potential) causes
of DRPs and recommendations for their resolution and prevention. Opportunities for self-management
were discussed with the patient. Reviews explained medication changes made in hospital.

They were completed by a clinical pharmacist (BJB) with postgraduate qualifications in clinical phar-
macy, 15 years’ experience in medication review and accreditation through proof of continuing educa-
tion and by examination. Recommendations represented an evidence-based risk–benefit evaluation
of the consequences of discontinuing or initiating medication. Intervention patients received a copy
of the review. Separately and as per hospital protocol, a registered nurse explained each patients dis-
charge medications to them—both control and intervention—with a copy sent to the patients GP, to-
gether 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 crite-
ria-set for application in older Australians); measured at baseline and 3 months

Change in HRQoL (SF-36); measured at baseline and 3 months

Notes Funding: none

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “The clinical pharmacist (one of the authors) collected all relevant de-
mographic, medical and medication data and intervention patients then re-
ceived medication counselling and an in-depth interview from the clinical
pharmacist to facilitate completion of a medication review; lack of blinding al-
so acknowledged as a limitation of the study”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

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 (re-
porting bias)

Low risk All outcomes described were reported.
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Protection against conta-
mination

Unclear risk Insufficient information to permit judgement

Basger 2015  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: internal medical wards at a university hospital in the city of Gothenburg, Sweden

Unit of allocation/analysis: participant

Follow-up: 6 months follow-up

Duration: unclear

Providers: pharmacist

Participants 400 older patients (199 intervention and 201 control)

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,
drug treatment discussion with patients at discharge and medication reports

Training: no educational intervention was specified

Timing of intervention: during inpatient stay

Quote: “In the intervention group, patients were treated by the same physicians/nurses and the follow-
ing additional interventions were performed by one of three pharmacists (LB, EO or JK):

- Continuous medication reviews including oral feedback on prescribing to physicians;

- Drug treatment discussion with the patient at discharge;

- A medication report, given to the patient at discharge and sent to the patient’s GP (the regular dis-
charge summary was sent to the patient’s GP independent of the study). Data on prescribing were ob-
tained from the medical records.

No medication history was taken by the pharmacists.

Medication reviews were performed with a computer support system (MiniQ), which identified poten-
tially inappropriate prescribings according to the three drug-specific quality indicators (PIPs) analysed
in

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

- Drugs that should be avoided in the elderly: for example long-acting benzodiazepines and drugs with
anticholinergic action.

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

Bladh 2011 
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- 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 of potentially inappropriate prescribing (PIPs) - the Swedish Nation-
al Board of Health and Welfare for evaluation of drug therapy in the elderly; measured at admission to
hospital and at discharge

Quality of life (EQ-5D); measured at baseline and 6 months later

Notes NCT0106301

Funding: the study was supported by the Swedish National Board of Health and Welfare.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Low risk Quote: “Sequentially numbered, sealed envelopes were opened after partici-
pant details were written and transferred to the assignment card via a carbon
paper inside the envelope”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Missing outcome data balanced in numbers across intervention groups, with
similar reasons for missing data across groups

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but it is clear that the published reports in-
clude all expected outcomes, including those that were pre-specified.

Protection against conta-
mination

High risk Patients in the intervention and control groups were treated in the same
wards by the same physicians.

Bladh 2011  (Continued)

 
 

Study characteristics

Methods Study design: cluster-randomised controlled trial

Setting: inpatient wards within university-based hospitals in major cities in 4 European countries
(Switzerland, Netherlands, Belgium and Republic of Ireland)

Unit of allocation/analysis: cluster defined at level of attending hospital doctor

Follow-up: 12 months

Blum 2021 
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Duration: participation in study - 12 months

Providers: doctor and pharmacist working with hospital doctors

Participants 2008 randomised

54 clusters in intervention group, median cluster size (interquartile range) 16.5 (10.0 to 23.8)

56 clusters in control group, median cluster size 16.0 (11.8 to 25.2)

Age < 80 years: intervention 521 (54%), control 557 (53%)

80 years or over: intervention 442 (46%), control 488 (47%)

Median age 79 years (interquartile range 74 to w84 years)

Sex: women: 898 (44.7%)

Race: not given

Median no. of comorbidities: intervention: 11 (interquartile range 8 to 16). control: 10 (8 to 15)

Cluster speciality type:

Medical: intervention 764 (79.3%), control 825 (78.9%)

Surgical: intervention 199 (20.7), control 220 (21.1)

Trial site:

Bern, Switzerland: intervention 446 (46%), control 376 (36)

Cork: intervention 138 (14), control 208 (20)

Louvain, Belgium: intervention 150 (16), control 238 (23)

Utrecht, Netherlands: intervention 229 (24), control 223 (21)

Median number of drugs: intervention 10 (interquartile range 7 to 13), control 9 (7 to 12)

Interventions Model of care: structured drug review using a decision support system

Timing: unclear but the first consultation was to complete a questionnaire and the second was to dis-
cuss planned medication changes. These were at the beginning of the study and before the first fol-
low-up point (at 2 months). Follow-up data were collected through telephone interviews with the par-
ticipants or their proxies at 2, 6 and 12 months post-randomisation.

The intervention was performed at individual patient level and consisted of a structured drug review
using STRIP, a process developed to support pharmacotherapy optimisation in older patients. STRIP
combines the STOPP/START criteria to detect drug overuse and underuse with implicit drug appropri-
ateness assessment methods, such as structured questions on drug history, treatment adherence, ad-
verse drug reactions and shared decision-making with the patient on proposed changes to medication.

STRIPA is a decision support system that takes into account clinically relevant interactions, dose ad-
justment according to renal function and predictable adverse drug effects.

The STRIP Assistant (STRIPA) version 2.0 is a stand-alone, web-based software tool that was used to
perform a pharmaceutical analysis, an important step of the STRIP process. Data on diagnoses and cur-
rent drug use (collected via SHiM and the actual medical record), recent measurements and laborato-
ry values (e.g. renal function, blood pressure) and possible adverse drug reactions, as listed in the pa-
tient’s medical record and according to patient information (SHiM) were entered in STRIPA. The assign-
ment of drugs to diseases has been implemented through a drag and drop mechanism (see Methods
appendix Figure). START A1 and START A2 were merged to one and STOPP A2 could not be converted
into an algorithm, leaving a total of 79 STOPP and 33 START algorithms implemented into the clinical
decision support system. Based on these data, pharmacotherapy optimisation signals were generated

Blum 2021  (Continued)
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by the clinical decision support software and evaluated for appropriateness at the individual patient
level by the research physician and pharmacist.

Preadmission drug use was assessed with the Structured History taking of Medication (SHiM) question-
naire and entered into STRIPA along with the patient’s current diagnoses and relevant laboratory val-
ues. A trained research doctor and pharmacist jointly performed the STRIP drug review and generated
patient-specific prescribing recommendations based on STOPP/START criteria, with possible adapta-
tions after discussion with the attending hospital doctor and the patient to take patient preferences in-
to account. After considering additional in-hospital clinical information (e.g. new diagnoses, history of
adverse drug reactions), a final report was sent to the patient’s GP with further recommendations that
could not be implemented during the index hospital admission.

Blinded team members collected follow-up and collected outcome data through telephone interviews
with the participants or their proxies at 2, 6 and 12 months post-randomisation. When a hospital ad-
mission (at the index hospital or any other hospital) was identified, a second unblinded team gathered
data on the hospital admission and concealed all information identifying the intervention allocation
before sending it to the adjudication team.

The control group received usual care that could include unstructured drug review by the attending
hospital doctors, which was not specifically encouraged or discussed. Usual care was performed ac-
cording to the site-specific standards of care that did not include application of STOPP/START crite-
ria or STRIP. To mimic the intervention for blinding purposes of the participants and team members,
the intervention team administered a sham intervention to all participants through completion of the
Morisky medication adherence measure questionnaire (MMAS-8).

Outcomes Drug misuse (PIM); measured at 2 months

Drug overuse (PIM); measured at 2 months

Drug underuse (PPO) no. long term prescription drugs; measured at 2 months

No. of STOPP/START recommendations by STRIP method made to attending hospital doctors and im-
plemented at 2 months

First drug-related hospital admission after discharge following the index hospital admission within 12
months of enrolment

First hospital admission; within 12 months

First preventable drug-related hospital admission; within 12 months

First drug-related hospital admission in patients with 1 or more STOPP recommendation implemented
after 2 months

All-cause mortality; within 12 months

Cancer mortality; within 12 months

First fall; within 12 months

In-hospital death; within 2 months

Quality of life, EQ-5D-VAS pain/discomfort score, EQ-5D; measured at 2, 6 and 12 months

Activities of daily living, Barthel Index; measured at 2, 6 and 12 months

Drug compliance, MMAS-8; measured at 2 and 12 months

Clinically significant drug-drug interactions, assessed using a validated consensus-based list of 66
drug-drug interaction criteria (Anyrs et al 2021); measured at 2 months

Recommendations implemented at 2 months

Blum 2021  (Continued)
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Notes Funding: This work is part of the project OPERAM: OPtimising thERapy to prevent Avoidable hospital
admissions in the Multimorbid elderly supported by the European Union’s Horizon 2020 research and
innovation programme under grant agreement No 634238, and by the Swiss State Secretariat for Edu-
cation, Research, and Innovation (SERI) under contract number 15.0137. The opinions expressed here-
in are those of the authors and do not necessarily reflect the official views of the European Commis-
sion and the Swiss government. This project was also partially funded by the Swiss National Scientific
Foundation (SNSF 320030_188549). The funder of the study had no role in the study design; data collec-
tion, analysis and interpretation; or writing of the report. MR and ST had full access to all the data in the
study, and all authors had final responsibility for the decision to submit for publication.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Unclear how the sequence was generated.

Allocation concealment
(selection bias)

Low risk A person blinded to the allocation of recruiting clusters screened and enrolled
patients in order to avoid selection bias. Coded information (gender, age, mul-
timorbidity, degree of polypharmacy and so on) from all screened patients
was collected and regularly monitored centrally to assess the risk of selection
bias. The blinded person worked separately from the rest of the trial team at
that site and all team members signed a non-disclosure form to limit unblind-
ing of this person. Further, the recruitment team, the teams conducting fol-
low-up telephone calls and the adjudication teams consisting of pharmacists
and doctors were fully blinded.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk The participants, hospital doctors and general practitioners were partially
blinded and received only general information on the trial without specific de-
tails about the intervention. Control patients received a sham intervention.

The intervention team consisted of a doctor and a pharmacist – neither was
blinded to enable direct interactions with both the attending hospital doctors
and the participants.

Each cluster-defining hospital doctor was instructed to keep trial arm alloca-
tions confidential.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Blinded team members collected follow-up and outcome data.

When a hospital admission was identified, a second unblinded team gathered
data on hospital admission and concealed all information identifying the inter-
vention allocation before sending it to the adjudication team (pharmacists and
doctors).

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All outcome data complete.

Selective reporting (re-
porting bias)

Low risk All outcomes reported with relevant data.

Protection against conta-
mination

Low risk Cluster randomisation was at the doctor and not hospital level, and authors
recognised that potential for contamination in control clusters could not be
completely ruled out. However, doctors were independent in the treatment
decisions on their units and were instructed to keep trial arm allocations con-
fidential by not to sharing information with their doctor or pharmacist col-
leagues.
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Cluster defining hospital doctors worked on separate hospital units and were
autonomous in their treatment decisions, further minimising contamination
between clusters.

Blum 2021  (Continued)

 
 

Study characteristics

Methods Study design: cluster-randomised controlled trial.

Setting: outpatient clinic of hospital in Utrecht, the Netherlands

Unit of allocation/analysis: cluster defined at level of attending resident doctor

Follow-up: 12 months

Duration: participation in study - 12 months

Providers: resident doctors working at the geriatric outpatient clinic at the University Medical Centre
Utrecht; 3 residents took part as research physicians; supervisors of the residents; nurses

Participants 34 resident doctors were randomised and the allocation of doctors determined the allocation of pa-
tients. The intervention group had 96 patients and the control group 74 patients.

Mean age: intervention group: 77.8 years ± 5.7; control: 79.0 ± 6.0

Sex: intervention: 34 male (52.3%); control: 30 (50.8%)

Race: not given

CCI (Charlson Comorbidity Index), median (interquartile range): intervention: 3 (0 to 9); control: 3 (0 to
10)

Total number of medications used per patient (median) = 9 intervention group; 9 control group

Interventions Model of care: prescribing recommendations made by independent physician based on STRIP Assis-
tant, a clinical decision support system.

Timing: not clear. The prescribing recommendations were made before the patient’s preoperative as-
sessment and implemented at the resident’s discretion. Secondary outcomes were prescribing appro-
priateness according to STOPP/START criteria version 2, 3-month and 1-year postoperative mortality
rates and 3-month changes in MMSE, Katz-ADL and Fried criteria.

The intervention consisted of written prescribing recommendations prepared by an independent, clin-
ically experienced research physician using the STRIP Assistant. The input data consisted of medica-
tion use (as reported by the SHiM use (Structured History taking of Medication use)), age, sex, medical
history, current medical problems, blood pressure, pulse and estimated glomerular filtration rate. Pre-
scribing recommendations were based on PPOs, PIMs and suboptimal dosages identified by STRIP As-
sistant and the research physician. The recommendations were given to the resident before the com-
prehensive geriatric assessment. Whether these recommendations were implemented, either by direct
changes to the medication regimen or by recommendations forwarded to the surgeon or general prac-
titioner, was at the resident's discretion.

For patients receiving usual care, a pharmacy assistant took the SHiM prior to the comprehensive geri-
atric assessment. Findings were recorded in the patient's electronic medical record. The standard com-
prehensive geriatric assessment, performed by a resident and supported by a nurse, provided infor-
mation about smoking habits and alcohol use, the Charlson Comorbidity Index, 15-point Katz Index of
Independence in Activities of Daily Living (Katz-ADL), and Mini-Mental State Examination (MMSE). The
resident also reviewed the patients' medication. Any medication changes made by the resident (direct
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changes as well as recommendations to the surgeon or general practitioner regarding the medication
regimen) were registered in the medical record.

Outcomes PPOs (no. of implemented medication changes per patient made by a resident during the comprehen-
sive geriatric assessment)

PIMs (no. of implemented medication changes per patient made by a resident during the comprehen-
sive geriatric assessment)

Number of implemented medication changes per patient made by a resident during the comprehen-
sive geriatric assessment: suboptimal dosages identified by the research physician using the STRIP As-
sistant (which uses STOPP/START)

Prescribing appropriateness (no. of PPOs and PIMs before and after intervention/usual care identified
using STOPP/START)

Mortality; measured at 3 months and 1 year

Mini-Mental State Exam; measured at 3 months

Katz-ADL (activities of daily living); measured at 3 months

Fried criteria (not analysed due to missing data); measured at 3 months

Notes Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A random number generator randomly assigned the residents to the interven-
tion group (even numbers) and the control group (odd numbers) in a 1:1 ratio.

Allocation concealment
(selection bias)

Unclear risk Unclear who performed/generated the allocation.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Because of the nature of the intervention, resident doctors and research physi-
cians generating the prescribing recommendations could not be blinded.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Research physicians not blinded. Supervisors of residents and nurses who
gathered information about comorbidity, cognitive function and functional
status were blinded to the intervention. Residents from the intervention group
were asked not to discuss the prescribing recommendations they received
with colleagues to prevent contamination of the control group.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Owing to missing data, the difference in the secondary outcomes MMSE
(62.9% missing), Katz-ADL (28.2% missing), Fried criteria (24.2% missing) be-
tween baseline and 3 months postoperatively, and 1 year postoperative mor-
tality (47.9% missing), could not be analysed.

Selective reporting (re-
porting bias)

Low risk All outcomes seem to have been reported, or mentioned if not fully reported. It
does not appear that any were intentionally leQ out.

Protection against conta-
mination

Low risk Residents from the intervention group were asked not to discuss the prescrib-
ing recommendations they received with colleagues to prevent contamination
of the control group.

Boersma 2019  (Continued)
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Study characteristics

Methods Study design: randomised trial (block design, using a computerised randomisation scheme)

Setting: outpatient clinic at Toronto General Hospital, Canada

Unit of allocation/analysis: participant

Follow-up: 1 month after intervention

Duration: unclear

Providers: pharmacists

Participants 80 participants (39 intervention and 41 control)

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

Age (mean): 56.4 years intervention, 60.2 years control

Male: 78.9% intervention, 78% control

Ethnicity: no information given

Interventions Model of pharmaceutical care pharmacists: worked as part of a multi-disciplinary team in outpatient
clinics, the pharmacist(s) conducted an independent medication review together with participants dur-
ing a face-to-face encounter, which was discussed with the multi-disciplinary team members

Training: education was provided to prescribers and other healthcare professionals included in the
multi-disciplinary team

Timing of intervention: at hospital discharge

Quote: “The intervention involved receipt of pharmacist services, that is, functioning as part of a
healthcare team, meeting participants' drug-related needs and ensuring continuity of care. Specifical-
ly, this involved the pharmacist reviewing the appropriateness of drug therapy, making recommenda-
tions for change and providing information about medications, their administration and their adverse
effects

Those randomly assigned to the non-intervention group received usual care from other clinic staH”

Outcomes Appropriateness of prescribing was determined by preintervention and postintervention mean MAI
scores; measured at baseline and 1 month

Number of medications; measured at baseline and 1 month

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. Fol-
low-up took place at a scheduled clinic visit or by telephone.”

Funding: the research was supported by a Research and Education Grant from the Canadian Society of
Hospital Pharmacists.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Using a computerised randomisation scheme”

Bucci 2003 

Interventions to improve the appropriate use of polypharmacy for older people (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

53



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: “The research assistant was blinded to the intervention. Patient charts
were reviewed by the research assistant, blinded to the intervention, and in-
formation to assess the appropriateness of medications was abstracted”

Unclear if staH or patients were blinded

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: "Patient outcomes were assessed by the research assistant (blinded to
the intervention) at baseline and at follow-up”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk One participant in the intervention group had died at follow-up

Selective reporting (re-
porting bias)

Low risk All outcomes were reported

Protection against conta-
mination

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

Bucci 2003  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: participants living in the communities of Mataro and Argentona, large towns in the province of
Barcelona, Spain

Unit of allocation/analysis: participant

Follow-up: 1 year

Duration: unclear

Providers: clinical pharmacist

Participants 503 older patients (252 intervention and 251 control)

Focus on polypharmacy: included participants taking 8 or more medications

Age (mean ± SD): 79.16 ± 5.5 years intervention, 78.78 ± 5.5 years control

Male: 39.7% intervention, 42.6% control

Ethnicity: no information given

Interventions Model of pharmaceutical care: clinical pharmacist evaluated 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: “The intervention consisted of 3 consecutive phases. First, a trained and experienced clinical
pharmacist evaluated all drugs prescribed to each patient using the GP–GP algorithm and basing their

Campins 2017 
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decision about appropriateness on the STOPP/START criteria. Second, the pharmacist discussed rec-
ommendations for each drug with the patient’s physician in order to come up with a final set of recom-
mendations.

Drug assessment was conducted in all cases by the same clinical pharmacist (IG). Finally, these recom-
mendations were discussed with the patient, and a final decision was agreed by physicians and their
patients in a face-to-face visit. All changes in prescribed medication were registered in the electronic
clinical notes and in the study’s record form. The goal of the study intervention was to improve current
prescription medication in community-dwelling elderly persons in our setting and so improve routine
clinical practice.

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

Outcomes Drug appropriateness (STOPP/START criteria); measured at baseline, 3, 6 and 12 months

Hospitalisations; measured at 3, 6 and 12 months

Quality of life (EQ-5D); measured at baseline, 3 months and 6 months

Adherence (Morisky-Green); measured at baseline, 3 months and 6 months

Notes Funding: this project was funded by a grant from the Spanish Ministry of Health (Independent Health
Research Ref. EC11-313) and a grant from the Catalan Government Health Service (SLT/682/2012).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “One-to-one assignment was based on a list of random numbers gener-
ated by a statistical program”

Allocation concealment
(selection bias)

Low risk Quote: “Each family physician received 10 sealed, opaque envelopes with
identification numbers (assigned consecutively in strict chronological order
of recruitment) on the back. Each envelope contained a card with the same
identification number and the intervention group to which the subject was as-
signed”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “Open-label trial; physicians aware of patients’ allocation to interven-
tion and control groups”

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk The results were not evaluated blind

Incomplete outcome data
(attrition bias)
All outcomes

High risk Differences in losses to follow-up between intervention and control group

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but all outcomes outlined in the methods
section are analysed and reported

Protection against conta-
mination

High risk Quote: “A second limitation is possible intervention-to-control contagion, giv-
en that the prescribing physicians who received recommendations from the
pharmacist regarding intervention group patients also had patients in the con-
trol group. The control group could thus have indirectly benefited from the in-
tervention, thereby diluting—but not increasing—the effect of the intervention
study”

Campins 2017  (Continued)
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Study characteristics

Methods Study design: cluster-randomised trial

Setting: GP practices in greater Dublin; most classified as urban and a small number as 'mixed'. Control
group practices were in more socioeconomically deprived areas.

Unit of allocation: GP practices

Unit of analysis: participant

Follow-up: unclear

Duration: unclear

Providers: GPs and pharmacist

Participants 196 patients from 12 GP practices within the greater Dublin area were invited to participate by email
with a follow-up telephone call. Practices were eligible if they had at least 80 patients aged 70 years or
older and were based in greater Dublin. Consenting practices were instructed to randomly select 50 pa-
tients 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: education in the form of academic detailing with the pharmacist was provided to GPs; pa-
tients also received information leaflets during the medicine reviews

Timing of intervention: during a single GP visit

Quote: “Intervention participants received a complex, multifaceted intervention incorporating acade-
mic detailing; review of medicines with web-based pharmaceutical treatment algorithms that provide
recommended alternative-treatment options; and tailored patient information leaflets

The multifaceted intervention involved academic detailing with a pharmacist on how GPs can review
medicines with participating patients; the medicine reviews were supported by web-based pharmaceu-
tical treatment algorithms for GPs that provided evidence based alternative treatment options to PIP
drugs, and tailored patient information leaflets

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

Outcomes The proportion of patients with potentially inappropriate prescriptions; measured at baseline and in-
tervention completion, which was 4 to 6 months after baseline

The mean number of potentially inappropriate prescriptions based on STOPP criteria; measured at
baseline and intervention completion, which was 4 to 6 months after baseline

Notes Funding: this study is independent research, funded by the Health Research Board (HRB) PhD Scholars
Programme in Health Services Research under grant PHD/2007/16 and the HRB Centre for Primary Care
Research under grant HRC/2007/1.

Risk of bias

Clyne 2015 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Practices were allocated to intervention and control groups by an in-
dependent researcher using minimisation”

Allocation concealment
(selection bias)

Low risk Quote: “Selection bias was minimized by collecting baseline data before mini-
mization, which was carried out by an independent third party”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “Patients and GPs were not blinded to allocations”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “Outcome assessor was blinded to allocations”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No practices lost to follow-up and losses of patients within intervention and
control arms were equal (6 patients in each arm). Analyses were performed ac-
cording to ITT.

Selective reporting (re-
porting bias)

Low risk All outcomes described were reported.

Protection against conta-
mination

Low risk Quote: “A cluster design was chosen to avoid the possibility of contamination
across arms”

Clyne 2015  (Continued)

 
 

Study characteristics

Methods Study design: quasi-randomised, multicentre, controlled trial

Setting: health centres in Aragon and Andalusia, Spain (could be rural or urban; not clear)

Unit of allocation/analysis: individual physician; patients not randomised

Follow-up: after 6 months

Duration: unclear

Providers: family physicians and nurses from health centres were recruited for the study and were
providers of the decision support tool.

Participants 22 physicians were randomised. Those randomised to the intervention group selected 61 patients;
those randomised to the control group selected 68 patients. Patients were not randomised.

Age: details not given for physicians. Patients: intervention group mean age 78.9 (SD 0.94); control
group 79.9 (0.73).

Sex: Patients: intervention group: female n = 38 (66.7%), male 19 (33.3%). Control group: female 40
(61.5), male 25 (38.5).

Race: not given

Co-morbidities: hypertension: intervention 52 (91.2%), control 58 (89.2); diabetes: intervention 25
(43.9), control 24 (36.9); renal failure: intervention 12 (21.1), control 9 (13.8); liver failure: intervention 2
(3.5), control 0

Coronado-Vazquez 2019 
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The mean number of chronically prescribed drugs was 9 (SD 2.9).

Interventions Model of care: to determine the effectiveness of a shared decision-making intervention for medication
appropriateness in patients with chronic diseases and polypharmacy.

Timing: patients were seen twice – initially and 6 months later. The duration of each consultation is not
clear.

Physicians who participated in the intervention group received information on the designed DST, as
well as a link to a video about the shared decision-making process, which was available on the web.
Once the patients were selected, the family physicians reported the inappropriateness found in their
medication according to the Beers and START/STOPP criteria, and the possible alternatives they had,
agreeing on the changes to be made in the treatment through a deliberative process. The selected pa-
tients were assessed by family physicians to verify that they met the inclusion criteria. They were in-
formed about the study and gave informed consent to participate in it. From the electronic medical
record, the personal data and medical record of the patients were collected, including the updated
treatment. The nurses performed a functional, mental and social assessment, also determining the
level of adherence to the treatment. The family physician analysed the adequacy of the treatment for
each patient following the Beers, START and STOPP criteria through the data collected in the electronic
medical records, which were verified during the visit. The patients were summoned to the doctor’s of-
fice to carry out the medication appropriateness survey using the DST in the intervention group or the
usual clinical practice in the control group. After 6 months, the family physician contacted the partici-
pants again, either through regular visits to follow up chronic patients or by telephone. In this second
meeting with the family physician, the medication was re-checked, making a new intervention in case
of inappropriate medications.

In the control group, family physicians discussed with patients the inappropriate medications. No DST
was used in this group, and care was not standardised.

Outcomes Medications withdrawn at first consultation and 6 months (difference in groups regarding medication
appropriateness, in particular the withdrawal of drugs according to STOPP/Beers)

Medications started at first consultation (START)

Total withdrawn and started drugs (STOPP, Beers and START)

Medication appropriateness (proportion of patients whose medication was adapted after 6 months of
follow-up. Subgroups: sex, adherence to treatment, treatment with BDZ, treatment with NSAIDs, and
level of education).

Notes Funding: this project received the Esteve Grant for Health-Related Innovation and Health Care for the
Chronic Patient in its 6th edition.

Contact with authors: we contacted the authors to ascertain the time point of data presented in Table
2. No response was received.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk A block randomisation procedure was carried out to ensure the equal size of
the groups, however it is not clear how the randomisation sequence was gen-
erated.

Allocation concealment
(selection bias)

Unclear risk Not clear. Quote: "Physicians who agreed to participate in the study were ran-
domised and assigned to the intervention or the control group. A block-ran-
domisation procedure was carried out to ensure the equal size of the groups."

Blinding of participants
and personnel (perfor-
mance bias)

High risk This was not possible because randomised physicians were delivering the in-
tervention or usual care.

Coronado-Vazquez 2019  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Seems to have been done by the patients’ own doctors who also implemented
the intervention, therefore blinding was not possible.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Not all outcome data were complete, such as those reported in Table 2 (page
7). The percentages were calculated from the overall number of patients in-
cluded in the study, not from number in the intervention group or control
group.

We contacted the authors to ascertain the time point of data presented in Ta-
ble 2. No response was received.

Selective reporting (re-
porting bias)

Low risk All outcomes reported.

Protection against conta-
mination

Low risk The authors stated that because the intervention affects professionals’ way
of communicating, to avoid contamination no randomisation of patients was
done.

Coronado-Vazquez 2019  (Continued)

 
 

Study characteristics

Methods Study design: cluster-randomised trial

Setting: care facilities for the elderly in Adelaide, a major city in Australia

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 staH and Alzheimer's Society representa-
tive

Participants 154 residents (100 intervention and internal control and 54 external control)

Focus on polypharmacy: residents were prescribed more than 5 medications

Age (mean): 85.3 years (95% CI 84.0 to 86.6) intervention, 83.6 years (95% CI 81.3 to 85.9) external con-
trol

Male: 44% intervention, 43% external control

Ethnicity: no information given

Interventions Model of pharmaceutical care: the pharmacist conducted an independent medication review using
participant notes, which were then discussed with a multi-disciplinary team during case conferences

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

Timing of intervention: during a single nursing home visit

Crotty 2004a 
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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 staH expanded on any issues in the case notes that required discussion, and the Alzheimer's repre-
sentative discussed non-pharmacological management of dementia-related behaviour. A problem list
was developed by the GP in collaboration with the care staH.

A half-day training workshop examining use of a toolkit in the management of challenging behaviours
was provided to all facilities in the study, including control facilities”

Outcomes Medication appropriateness was assessed using the MAI. Change in MAI was reported. All residents
had their medication charts reviewed before and after the intervention by an independent pharmacist.
Measured at baseline and 3 months.

The Nursing Home Behaviour Problem Scale (NHBPS) was used to assess the effect of the intervention
on residents' behaviour. Measured at baseline and 3 months.

Monthly drug costs for all regular medications on the government's pharmaceutical benefits scheme
were calculated for all residents in the intervention and control groups.

Notes Funding: Quality Use of Medicines Evaluation Program 2000-2001, Health and Aged Care, General Prac-
tice National Innovations Funding Pool 1999-2000, Health and Aged Care.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Computer-generated random numbers were used by a researcher in-
dependent of investigators”

Allocation concealment
(selection bias)

Low risk Quote: “Randomly allocated by the pharmacy department using sequential
sealed opaque envelopes to receive the case conferences”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Those lost to follow-up were described, and an ITT analysis was used.

Selective reporting (re-
porting bias)

Low risk The impact of case conferences on appropriateness of medication and partici-
pant behaviours were stated as the objectives.

Protection against conta-
mination

Low risk No evidence was found of a carry-over effect to other residents within the facil-
ities.

Crotty 2004a  (Continued)
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Methods Study design: single-blind randomised trial
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Setting: metropolitan hospitals in Adelaide, Australia

Unit of allocation/analysis: participants

Follow-up: at 8 weeks

Duration: unclear

Providers: transition co-ordinator pharmacist, nurses

Participants 110 (56 intervention and 54 control) eligible patients making first-time transition from a hospital to 1
of 85 long-term residential care facilities. Patients were eligible if they or their carer gave consent and
they had a life expectancy > 1 month.

Focus on polypharmacy: the number of preadmission medicines was 6.6 intervention group and 7.7
control group

Age (mean): 82 years (95% CI 80.2 to 83.7) intervention, 83.4 years (95% CI 81.7 to 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 an independent medication review using
participant notes, which was then discussed with a multi-disciplinary team 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: “The intervention focused on transferring 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 summa-
ry compiled by the transition pharmacist. After transfer, the transition pharmacist co-ordinated an evi-
dence-based medication review that was conducted by community pharmacists within 10 to 14 days of
transfer.

A case conference that involved the transition co-coordinator, the family physician, the community
pharmacist and the nurse was held within 14 to 28 days of transfer.

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

Outcomes MAI score; measured at baseline and 8 weeks

Secondary outcome measures were adverse events including unplanned visits to the emergency de-
partment or hospital readmissions, ADEs, falls, worsening of mobility, behaviours, pain and increasing
confusion; measured at 8 weeks

Notes Funding: the project was funded by a grant from the Australian Commonwealth Department of Health
and Ageing National Demonstration Hospitals Program, Phase 4.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “A computer-generated allocation sequence that used block randomi-
sation”

Allocation concealment
(selection bias)

Low risk Quote: “Centralised hospital pharmacy service used for randomisation”

Crotty 2004b  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “Independent pharmacists who were blinded to study group allocation
assessed patients' medication charts and case notes”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 12 participants in the intervention group and 10 in the control group died or
did not complete the study for other reasons.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement

Protection against conta-
mination

High risk Quote: “The transition pharmacist also co-ordinated a case conference involv-
ing himself or herself, the family physician, the community pharmacist and a
registered nurse at the facility within 14 to 28 days of the transfer. At this case
conference, the transition pharmacist provided information concerning med-
ication usage and appropriateness”

Crotty 2004b  (Continued)

 
 

Study characteristics

Methods Study design: randomised controlled trial

Setting: hospitals in Cork city, Ireland

Unit of allocation/analysis: participant

Follow-up: 3 months

Duration: between 27 March 2018 and 3 April 2019 patients were randomised; planned closure date
was 30 June

Providers: research physician (experienced specialist registrar in geriatrics) communicated with pa-
tients’ physicians. Qualifications etc. not clear for attending physicians who implemented intervention.

Participants 130 were randomised: 65 to the intervention arm and 65 to the control arm

Age: intervention 84.49 (SD 5.60); control 85.68 (SD 5.87)

Sex: intervention: female 42 (64.61%); control: female 38 (58.46%)

Race: not given

Charlson Comorbidity Index score: intervention: 6.8 (SD 2.31); control: 6.33 (SD 1.86)

Disease: control n (%); intervention n (%):

Dementia: 48 (73.8%); 49 (75.4%)

Heart failure: 10 (15.4%); 16 (24.6%)

Atrial fibrillation: 27 (41.5%); 24 (36.9%)

Chronic kidney disease: 15 (23.1%); 16 (24.6%)

Curtin 2020 
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Active cancer: 6 (9.2%); 5 (7.7%)

Osteoporosis: 18 (27.7%); 19 (29.2%)

Drugs: no. of regular medications (mean): intervention: 11.52; control: 10.89

Interventions Model of care: to examine the effect of applying the STOPPFrail, a recently developed deprescribing
tool, to the medication regimens of older patients with advanced frailty

Timing: the intervention was applied at a single time point during the patients’ hospital admission at
the time of trial enrolment. It is not clear how long the intervention/mediation withdrawal plan took.

From the protocol: "We will advise intervention group participants’ doctors that their patient has been
randomised to the intervention group. The unblinded researcher (an experienced Specialist Registrar
in geriatric medicine) will offer medication advice based on the STOPPfrail criteria. Where there is a risk
of an adverse drug withdrawal event (table 1, 2), it will be recommended that that particular medica-
tion be withdrawn slowly according to an evidence based protocol (table 2). Prior to recommending
the dose reduction or cessation of a medication, the unblinded researcher will inform the participant,
NOK and nursing staH of potential adverse withdrawal effects associated with that drug. The nurse
manager and medical team will have the mobile phone number of the primary researcher and will be
encouraged to contact him if there are any concerns about adverse withdrawal effects in the partici-
pant. If the participant is discharged to a nursing home during the period of drug withdrawal, a written
drug withdrawal plan will be sent to the nursing home director of nursing as well as to the medical offi-
cer overseeing the care of patients in that nursing home. The mobile phone number of the researcher
will be included in this written plan and the primary researcher will be available to respond to queries
or concerns."

Intervention: STOPPFrail criteria were recently developed to assist clinicians with deprescribing de-
cisions in older people approaching end of life. The criteria consist of 27 indicators that highlight
instances of potentially inappropriate prescribing in this particular population of older patients.
STOPPFrail-guided deprescribing was shown to have substantial interrater reliability among clinicians
of different specialities, and it may be a reasonable and potentially efficient alternative to a specialist
medication review where this is unavailable.

For participants randomised to the intervention arm, a medication withdrawal plan was devised by the
research physician. The recommended medication withdrawal plan was communicated directly to one
of the participant's attending physicians and also documented in the patient's medical record. Med-
ications associated with an increased risk of an adverse withdrawal reaction were recommended to be
withdrawn slowly according to a standardised trial withdrawal protocol (Supplemental Protocol S1).
The attending physician judged whether or not to accept the drug withdrawal plan and implement the
recommended changes. Because of the nature of the intervention, the research physician, attending
physicians and participating patients could not be blinded to the intervention or control group assign-
ment after randomisation. The intervention was applied at a single time point during the patients’ hos-
pital admission at the time of trial enrolment. Attending physicians and nursing staH were encouraged
to report any potential adverse consequences of deprescribing (adverse drug withdrawal events or dis-
ease relapse) to the research team.

Control group patients received usual care

Outcomes Measured at baseline and 3 months:

No. of long-term prescribed medications consumed by participants

Prescriptions of neuroleptic antipsychotic medications

QoL (QUALIDEM instrument)

QoL (ICECAP-O instrument)

Measured at 3 months:

Unscheduled medication reviews after discharge from acute hospital

Curtin 2020  (Continued)
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ED presentation

Falls and non-vertebral fractures

Mortality

Unplanned hospital admissions

28-day cost of prescription medications

Notes Funding: three of the authors are supported by the European Union's Horizon 2020 research and inno-
vation program (grant number 634238).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomised to study arms in a 1:1 ratio using block ran-
domisation. Block sizes of 4 and 6 were generated using the website random-
ization.com by an administrator external to the study. Randomisation was not
stratified by hospital site.

Allocation concealment
(selection bias)

Low risk The allocation sequence was concealed in sequentially numbered opaque
envelopes until the research physician had enrolled participants, complet-
ed baseline data collection and identified deprescribing targets using the
STOPPFrail criteria.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Because of the nature of the intervention, the research physician, attending
physicians and participating patients could not be blinded to the intervention
or control group assignment after randomisation.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Outcome data were collected by 3 research physicians (EJ, RD and MR) who
were blinded to the group allocation.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Patients randomised = 130 (65 in each group).

Included in the primary analysis:

51 in intervention group; 47 in control group

Intervention group: 12 deaths, 1 receiving end of life care, 1 withdrawal

Control group: 18 deaths

In the analysis of the primary outcome, only those patients who completed
follow-up were included. Deceased patients were excluded due to difficulties
in determining final, valid, verifiable medication lists.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported. Some secondary outcomes were reported as sup-
plementary tables.

Protection against conta-
mination

Unclear risk Randomisation was not stratified by hospital site, however it is not clear if at-
tending physicians could have introduced contamination if they were seeing
patients in both intervention and control groups.

Comment in discussion: “we did not use a cluster randomization design that
would diminish the possibility of contamination bias. Physicians may have si-
multaneously had both intervention and control patients under their care dur-
ing the trial and, through a “training effect,” they may have applied STOPPFrail
criteria during medication reviews of control patients. However, any possible

Curtin 2020  (Continued)
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contamination of this kind would increase the chance of actual effects of the
intervention not being detected (ie, type II error). In spite of the possible pres-
ence of contamination, significantly different effects of the STOPPFrail inter-
vention were still observed between the groups.”

Curtin 2020  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: hospital in city of Brussels, Belgium

Unit of allocation/analysis: participant

Follow-up: at discharge and 1 year after discharge

Duration: unclear

Provider: inpatient geriatric consultation team (IGCT)

Participants Quote: “146 (74 intervention and 72 control) frail patients ≥ 75 years of age admitted to Cliniques Uni-
versitaires 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: unclear if training was provided as part of the intervention

Timing of intervention: during inpatient stay

Quote: "In the intervention group, geriatricians used 64 STOPP criteria (‘Duplicate drug classes’ was not
considered) to systematically screen the list of 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. Partici-
pants also received standard IGCT care."

"Participants in the control group received standard care from the IGCT. Control participants' medica-
tions were routinely reviewed by the IGCT geriatrician, using an implicit approach (i.e. no explicit tool
was used).”

Outcomes Number of PIMs on admission to hospital and at discharge

Clinical significance of STOPP-related recommendations - patients with 1 PIM at baseline were fol-
lowed up 1 year later

Notes Funding: O Dalleur was funded by the Federal Public Service Health of the Belgian government as part
of a national project on the implementation of clinical pharmacy in hospitals.

Risk of bias

Bias Authors' judgement Support for judgement

Dalleur 2014 
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Random sequence genera-
tion (selection bias)

Unclear risk Quote: “Eligible participants were allocated by the IGCT nurse to control or in-
tervention group by drawing of lots—Insufficient information to permit judge-
ment”

Allocation concealment
(selection bias)

Unclear risk Quote: “IGCT nurse assigned each participant to the geriatrician who had 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 personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: “The attending ward physician (who was responsible for prescriptions
during hospitalisation and at discharge), the evaluator and 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”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “The IGCT nurse provided the evaluator with a list of the patients in-
cluded in the study, which did not specify allocation group. The evaluator
gathered data on the primary outcome”

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk 3 participants in the intervention group and 9 in the control group were not in-
cluded in the primary outcome assessment because they did not receive the
allocated intervention, or because data were missing from their discharge let-
ters.

Subset of participants in each group was assessed at 1-year follow-up

Selective reporting (re-
porting bias)

Unclear risk Characteristics associated with discontinuation of potentially inappropriate
medications at discharge were listed as a secondary outcome measure but
were not clearly reported in the results.

Protection against conta-
mination

Unclear risk Quote: “To avoid contamination bias, 2 of the 4 geriatricians involved in 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 contamina-
tion bias cannot be ruled out”

Dalleur 2014  (Continued)

 
 

Study characteristics

Methods Study design: cluster-randomised trial

Setting: hospitals in Italy (unclear if urban and/or rural)

Unit of allocation: hospital wards

Unit of analysis: participant

Follow-up: 12 months post-discharge

Duration: unclear

Providers: physicians

Participants 697 patients (347 in the intervention and 350 in the control arms) were enrolled

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

Franchi 2016 
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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: education in the form of e-learning was provided to all clinicians

Timing of intervention: during inpatient stay

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

Contents of e-learning for the intervention arm. The program delivered to clinicians on the wards ran-
domly assigned to the intervention arm included notions of CGA and geriatric pharmacology, together
with training for the use of a third generation assessment instrument (InterRAI 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: pre-
scription appropriateness and related issues in older adults: (a) assessment and management of pa-
tients exposed to polypharmacy (Module C); (b) criteria and tools for the revision and evaluation of pre-
scription appropriateness in older people, such as Beers Criteria, Screening Tool of Older Person’s Pre-
scriptions (STOPP), Assessing Care of the Vulnerable Elderly (ACOVE), Inappropriate Prescribing in the
Elderly Tool (IPET) and the Medication Appropriateness Index (MAI) (Module D); (c) criteria and tools to
evaluate potential drug–drug interactions (Module E)

The access to and utilization of each teaching module was linked to a self-evaluation test and to specif-
ic centralized controls. Each module was divided in four sub-modules that each participant complet-
ed with specific case reports and questions. The INTERcheck® software, a computerized prescription
support system, was made available to clinicians in the intervention arm through the interactive web-
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 con-
sisted only of a refresher on the basic notions of geriatric pharmacology using Module B as a weapon.
The e-learning program for clinicians of the control arm consisted only of a refresher on the basic no-
tions 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 fol-
low-up period

Notes Funding: the ELICADHE Study was approved and financially supported by the Italian Medicines Agency
(AIFA) according to the 2008 Italian Program for Independent Research (Project no. FARM87SA2B).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information was provided to permit judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information was provided to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)

High risk Quote: “Single-blind controlled study: participating clinicians were not blind to
study aims and treatment allocation”

Franchi 2016  (Continued)
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All outcomes

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “All investigators involved in data collection were blinded to arm allo-
cation”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Participants lost to follow-up in intervention and control group were de-
scribed, and both ITT analysis and per protocol analysis were used.

Selective reporting (re-
porting bias)

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

Protection against conta-
mination

Unclear risk Insufficient information was provided to permit judgement.

Franchi 2016  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial (parallel-group)

Setting: chronic care geriatric facility in central Israel

Unit of allocation/analysis: participant

Follow-up: 12 months

Duration: 12 months

Providers: chief physician and study pharmacist

Participants Quote: “A chronic care geriatric facility in central Israel. The facility has 384 beds. 12 wards: five nursing
departments for residents dependent in their activities of daily living (ADLs) with and without cogni-
tive impairment (ADL-dependent group), four departments for elderly adults independent in their ADLs
but dependent in instrumental ADLs (e.g., use of telephone, shopping, food preparation, travel, house-
keeping, handling finances (ADL-independent group), and three departments for residents who are pri-
marily cognitively impaired but are able to walk independently and therefore need special care to pre-
vent them from getting lost (primarily cognitively impaired group)."

Focus on polypharmacy: baseline number of medications, mean (SD): intervention n = 183, 8.8 (SD 3.4);
control n = 176, 8.2 (SD 3)

Age (mean): age, n (%): 65 to 74 years n = 29 (15.8); 75 to 84 years n = 63 (34.4); ≥ 85 n = 91 (49.7) inter-
vention, 65 to 74 years n = 36 (20.5); 75 to 84 years n = 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 were
discussed with the chief physician

Training: unclear if training was provided as part of the intervention

Timing of intervention: during inpatient stay

Quote: “The intervention consisted of a medication review by the study pharmacist for all residents at
study opening and 6 and 12 months later. The STOPP/START criteria were applied to identify PIMs and
PPOs. Interventional recommendations that the study pharmacist made for residents in the interven-

Frankenthal 2014 
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tion group but not in the control group were discussed with the chief physician at study opening and
after 6 months. The chief physician decided whether to accept these recommendations and implement
prescribing changes.

The control group received usual pharmaceutical care”

Outcomes Proportion of potentially inappropriate prescriptions identified by STOPP; measured at baseline, 6
months and 12 months

Proportion of PPOs identified by START; measured at baseline, 6 months and 12 months

Quality of life (SF-12), falls, hospitalisations; measured at baseline and 12 months

Notes Funding: this work was supported partly by a research grant from Keshet Association for the Elderly in
Tel-Aviv-Yaffo.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Low risk Quote: “A physician who was not part of the study randomized participants.
Fixed stratified randomization was used to allocate residents to groups ac-
cording to the three types of residents. Group allocation was concealed from
the study pharmacist, and participants were assigned to one of the two groups
using sealed envelopes”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “The intervention consisted of a medication review by the study phar-
macist 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 outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “Nurses who were unaware of participants’ group assignments as-
sessed the outcome measures in the study population”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Participants lost to follow-up in intervention and control group were described
and similar across both groups.

Selective reporting (re-
porting bias)

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

Protection against conta-
mination

Unclear risk Insufficient information to permit judgement

Frankenthal 2014  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: patients had upcoming appointments at a veterans affairs healthcare system in the city of New
Haven, Connecticut

Unit of allocation/analysis: participant

Fried 2017 
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Follow-up: 3 months post discharge

Duration: 3 months

Providers: clinical pharmacist

Participants 128 older patients (64 intervention and 64 control)

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 from the EHR. The second consists of three components. The first is an interface for
data chart review and telephonic patient assessment. These data, along with the extracted EHR data,
serve as inputs for the second component, a set of automated algorithms evaluating medication ap-
propriateness. TRIM evaluates medication appropriateness based on a range of criteria, including feasi-
bility in the context of the patient’s cognition and social support, potential overtreatment of DM or hy-
pertension, “traditional” PIMs according to Beers and Screening Tool of Older Persons’ potentially in-
appropriate Prescriptions (STOPP) criteria, inappropriate renal dosing, and patient report of adverse
medication effects. The algorithms generate the third component, a patient-specific medication man-
agement feedback report for the clinician. This report includes a complete medication reconciliation,
recommendations for discontinuation or dosage changes for inappropriate medications, and a recom-
mendation regarding the need to simplify the regimen of patients with problems with adherence and
poor social support. The report was e-mailed to the clinician 24 hours before the primary care appoint-
ment and handed to the clinician just before the appointment. The algorithms also generate a simple,
short report for the patient consisting of a listing of medication reconciliation discrepancies and re-
ported problems with medications that is given to the patient just before the appointment with brief
coaching on using it to discuss medication concerns with the clinician. The telephone assessments oc-
curred within 3 days before their primary care appointment.

The control group received usual care.”

Outcomes Number of medications; measured at baseline and 90 days

Potentially inappropriate medications (PIMs); assessed at baseline and 90 days

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’ potentially inappropriate Prescriptions (STOPP) criteria); assessed at baseline and 90
days

Notes NCT02501967

Funding: this work was supported by Grant DF11–303 from the Donaghue Foundation; by the Claude D.
Pepper Older Americans Independence Center, School of Medicine, Yale University, (#P30AG21342 NIH/
NIA); and by National Institutes of Health Grant UL1 RR024139.

Risk of bias

Fried 2017  (Continued)
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement: unclear who assessed patients'
medications and whether they were blinded

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

Low risk The study trial registry page is available and all of the study’s pre-specified
(primary and secondary) outcomes that are of interest in the review have been
reported in the pre-specified way.

Protection against conta-
mination

Unclear risk Insufficient information to permit judgement

Fried 2017  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: Cork University Hospital, a hospital in the city of Cork, which serves an urban and rural popula-
tion

Unit of allocation/analysis: participant

Follow-up: 2 months, 4 months and 6 months post discharge

Duration: unclear

Provider: attending medical team

Participants 382 hospital inpatients (190 intervention, 192 control) aged 65 years and older admitted to hospital via
the 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 (71.0 to 81.75) control

Female: 53.2% intervention, 53.1% control

Ethnicity: no information given

Gallagher 2011 
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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: unclear if any training was provided as part of the intervention

Timing of intervention: during hospital admission

Quote: “The primary research physician applied STOPP/START criteria to baseline data of participants
in the intervention group on admission to identify potentially inappropriate prescriptions and prescrib-
ing omissions. These were immediately discussed with the attending medical team, and discussion
was 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 be accepted
and prescribing changes implemented. Medication changes were included in the discharge summary to
the intervention participants' general practitioners”

Outcomes Prescribing appropriateness measured using the MAI, STOPP/START criteria and the AUM index; mea-
sured at admission to and discharge from hospital, and at 2, 4 and 6 months

Mortality, hospital readmissions, falls, frequency of general practitioner visits; measured at 2, 4 and 6
months

Notes Funding: the study was funded by the Health Research Board of Ireland, Clinical Research Training Fel-
lowship number CRT/2006/029.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Participants were randomly assigned to the intervention group or the
control group using a randomisation sequence that was determined by an in-
dependently generated random-numbers table using StatsDirect software,
version 4.5”

Allocation concealment
(selection bias)

Low risk Quote: “The random-numbers table was retained, independent of researchers,
by a physician external to the study, who assigned participants to groups using
a sealed-envelope system. Group allocation was concealed from the research
physician and from participants until baseline data had been collected and in-
clusion criteria verified”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “The research physician, attending physician, and participating pa-
tients could not be blinded to group assignment after randomization because
of the nature of the intervention”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “An interrater reliability analysis of outcome measurements was con-
ducted to ensure that there was no bias toward more favourable ratings in the
intervention group as compared to the control group. There was good inter-
rater agreement between the primary researcher and the physician carrying
out the blinded evaluation”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 18 participants (10 intervention, 8 control) died before the first outcome mea-
sure was assessed and were excluded from analysis; a further 24 participants
(10 intervention, 14 control) died during the follow-up period.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported

Gallagher 2011  (Continued)
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Protection against conta-
mination

Unclear risk Insufficient information to permit judgement; study conducted at a single hos-
pital

Gallagher 2011  (Continued)

 
 

Study characteristics

Methods Study design: prospective, randomised, multicentre trial/study

Setting: nursing homes in Spain, all in urban areas

Unit of allocation: nursing home

Unit of analysis: participant

Follow-up: 3 months postintervention

Duration: 6 months

Providers: nursing home physician

Participants Quote: “1018 residents in 37 nursing homes owned by a private company in Spain. Persons older than
65 years, who had been living in the nursing home for at least 3 months and expected to stay in it for
the length of the study, were clinically stable (no changes in prescription in the last 2 months) and ac-
cepted that their clinical data were used for the study were included. Residents receiving palliative care
or those usually cared by other primary care providers outside the nursing home were excluded.”

Focus on polypharmacy: number of drugs, 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 information given

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

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

Timing of intervention: during inpatient stay

Quote: “A nursing home physician, expert in drug use in older people, delivered a structured educa-
tional intervention. The program included general aspects of prescription and drug use in geriatric pa-
tients, how to reduce the number of drugs, to perform a regular review of medications, to avoid inap-
propriate drug use, to discontinue drugs that do not show benefits, and to avoid undertreatment with
drugs that have shown benefits. It also discussed in detail some drugs frequently related to adverse
drug reactions in older people. Educational material and references were given to participants. Final-
ly, two 1-hour workshops reviewed practical real life cases and promoted practice changes in partici-
pants. The educator offered further on-demand advice on prescription for the next 6 months. This in-
tervention was reinforced by a single review by the researchers, using standard appropriateness cri-
teria [Screening Tool of Older Persons Prescriptions (STOPP) Screening Tool to Alert Doctors to Right
Treatment (START)], of a random sample of 10 residents cared by each physician in the intervention
group, with written feedback on the problems found.

Physicians in the control group did not receive any intervention or information about an educational
intervention been delivered in other centers”

Garcia-Gollarte 2014 
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Outcomes Appropriateness and quality of drug use (STOPP-START criteria); measured at the beginning of the
study and 9 months later (3 months after the intervention was finished)

Hospital admissions (total number of days spent in hospital), falls, physician and nurse visits; recorded
for 3 months before the 6-month intervention started and the 3-month period after it ended

Notes Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Randomisation was done using random number tables”

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: “Physicians in both groups were informed that there was a company
program aimed to improve drug prescription (to explain why data on prescrip-
tion were collected in their centers) but were blinded to the fact that the edu-
cational intervention was being assessed”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

Low risk All outcomes described were reported

Protection against conta-
mination

Unclear risk Quote: “Cluster RCT design used whereby nursing homes in the intervention
and control group were separate. However, authors note that some cross con-
tamination may have occurred because of informal contacts between physi-
cians”

Garcia-Gollarte 2014  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: tertiary care academic medical centre in the Midwestern United States - unclear if rural or ur-
ban

Unit of allocation/analysis: patient

Follow-up: 30-day follow-up

Duration: unclear

Providers: pharmacist

Participants 25 older patients (13 intervention and 12 control)

Haag 2016 
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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, which included a comprehensive
review of all prescription, non-prescription 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, prefer-
ably within 3 (and up to 7) business days after hospital discharge. This intervention was developed
using successful methods of pharmacist integration during care transitions, while complementing
the services of an existing CTP, to assess the impact on the quality of medication use. The pharmacist
obtained the necessary information and clinical assessments from each patient’s electronic medical
record to complete a comprehensive review of all prescription, nonprescription, and herbal medica-
tions taken. This systematic review of medications included the identification, resolution, and preven-
tion of drug-related problems, including adverse events or the use of potentially inappropriate med-
ications. In addition, the electronic medical record was investigated for potential prescribing omis-
sions. This review was the foundation for the phone consultation with the patient to ensure medication
optimization. Decisions were based on the pharmacist’s clinical judgment after considering practice
guidelines, 2 clinical support databases (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 pharmacist via a secure messaging function within 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); assessed at baseline and 30 days after dis-
charge from hospital

Medication utilisation quality (modified MAI); assessed at baseline and 30 days after discharge from
hospital

Hospital readmissions, emergency department visits; recorded at the 5-week phone call follow-up

Adherence (Morisky-Green); measured at baseline and at the 5-week phone call follow-up

Notes Funding: this study was supported by Grant Number UL1 TR000135 from the National Center for Ad-
vancing Translational Sciences (NCATS), National Institutes of Health (NIH), and the US Department of
Health and Human Services (DHHS).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Patients were randomly assigned to either the intervention group or
to the usual care group by a study coordinator. Randomization was completed
during the phone call by the study coordinator, who opened a sealed envelope
that contained an indication of which group the patient was assigned to”

Allocation concealment
(selection bias)

Low risk Quote: “The study statistician used a random number generator to determine
the allocation sequence”

Haag 2016  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “The trial was unblinded (i.e., the participants and the investigators
were aware of the intervention), and the patients received a telephone call
from the pharmacist if they were randomized to the intervention group”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “All outcomes were assessed while blinded to the intervention or the
usual care group allocations”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Missing outcome data balanced in numbers across intervention groups, with
similar reasons for missing data across groups

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but all expected outcomes are reported in
the results

Protection against conta-
mination

High risk Single-centre trial with potential for contamination

Haag 2016  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: a veterans' hospital in the city of Durham, North Carolina - no details of whether patients from
urban or rural residences

Unit of allocation/analysis: participant

Follow-up: 3 months and 12 months after randomisation

Duration: unclear

Providers: geriatrician, clinical pharmacist, nurse

Participants 208 patients who were 65 years or older

Focus on polypharmacy: included participants were prescribed 5 or more regularly scheduled medica-
tions by a Veteran Affairs physician and were enrolled at the 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: pharmacists worked as part of a multi-disciplinary team in outpatient
clinics; the pharmacist(s) conducted an independent medication review together with participants dur-
ing a face-to-face encounter; written recommendations were then presented to the primary physician

Training: education was provided to prescribers and other healthcare professionals, participant educa-
tion 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 prob-

Hanlon 1996 
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lems by meeting with participants and carers and evaluated participants' medications by applying the
MAI. The pharmacist then formulated prioritised written recommendations presented orally and in
writing to the primary physician. After the physician visit, the clinical pharmacist educated the partici-
pant regarding drug-related problems and encouraged compliance

In the control group, the clinic nurse reviewed participants' current medications before the visit”

Outcomes Participant MAI scores were determined by summing MAI medication scores across evaluated medica-
tions; measured at baseline, and at 3 and 12 months

HRQoL (SF-36); measured at baseline and 12 months

Participant medication compliance and knowledge were assessed by participant self-report at baseline
and 12 months

Potential ADEs; measured at 12 months

Participant satisfaction; measured at 12 months

Notes Funding: this work was supported by a grant from the National Institute on Aging (ROl-AGO8380) and
an Academic Award from the National Institute on Aging (AG00526-Dr. Schmader) and by the Claude D.
Pepper Older Americans Independence Center (P60AGl i268-Drs. Schmader and Cohen, Weinberger and
Feussner).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Participants were randomly assigned to the control group or the inter-
vention group using a computer-generated scheme”

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “Assessments of outcome measures were blinded (appropriateness,
prescribing appropriateness, HRQOL, adverse drug events, medication compli-
ance)”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 36 participants were not interviewed. 5 in control and intervention groups
were institutionalised. 5 from the intervention group and 1 from the control
group were lost to follow-up. 7 from the intervention group and 10 from the
control group died.

Selective reporting (re-
porting bias)

Unclear risk Insufficient information to permit judgement

Protection against conta-
mination

High risk Potential for contamination because physicians had patients in both interven-
tion and control groups

Hanlon 1996  (Continued)
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Methods Study design: cluster stepped-wedge randomised trial

Setting: general practices in the Westphalia-Lippe region in northern Germany - no details on rural/ur-
ban backgrounds of patients

Unit of allocation: GP practices

Unit of analysis: patients

Follow-up: up to 15 months follow-up

Duration: unclear

Providers: home care specialists, pharmacist, physician

Participants 142 older patients

Focus on polypharmacy: 5 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
pharmacist then undertook a comprehensive medication review; recommendations were sent to the
home care specialists

Training: no educational intervention was specified

Timing of intervention: unclear

Quote: “The complete intervention consisted of two over lapping strands of action that were comple-
mentary to standard care:

1. medication management, and

2. care provided by the Pflege- und Wohnberatung (PuW, home-care specialists), using a case manage-
ment concept according to the German Society for Care and Case Management (Deutsche Gesellscha9
für Care und Case Management, DGCC) .

For the purpose of medication management, primary care physicians (PCP) started oH by sending in-
formation from their patient records to the home-care specialists. The home-care specialists arranged
a home visit, conducted an assessment of the patient situation they found—including, among others:
drugs taken, adherence, medication handling and storage, reported problems with medication thera-
py and communicated this to the pharmacist, along with the information provided by the primary care
physician. The pharmacist then undertook a comprehensive medication review (PCNE type 3). This in-
cluded drugs taken, medication documented by primary care physicians, available laboratory data, di-
agnostic data, and insights into every patient’s personal situation as elicited in patient interviews. The
results of the analysis were summarized in a letter of recommendation and sent to the home-care spe-
cialists, who in turn added information on the patient’s home situation and passed them on to the pri-
mary care physicians. Implementing the recommendations was the responsibility of each primary care
physician. Details about such patient-related advice from physician to pharmacist and detailed infor-
mation on the second strand of action can be obtained from the authors."

“In the WestGem study, an independent biometrician randomized the participating general practices
(clusters) to three (changing) cohorts. After a control period, the cohorts switched to the intervention
phase at intervals of three months each. The cohort allocation was 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 six to 12 months, with a subsequent follow-up period of 3 months”

Koberlein-Neu 2016  (Continued)
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Outcomes Number of PIM prescribed (based on PRISCUS list)

Medication Appropriateness Index

Assessment points were at baseline, the end of the recruitment period, after the end of the recruitment
period, 6 months after the end of the recruitment period, 12 months after the end of the recruitment
period and 15 months after the end of the recruitment period

Notes Funding: the study received funding in the context of the Ziel-2-Förderreihe IuK & Gender med.NRW
from the federal state of North Rhine Westphalia and the European Union.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Low risk Quote: “An independent biometrician randomized the participating general
practices (clusters) to three (changing) cohorts The cohort allocation was dis-
closed only at the time of the changeover”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Protocol states that Quote: “in this trial the patient is blinded to the pharma-
cist”

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk The pharmacists had been blinded when calculating scores as to which 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 in-
dependent.

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

High risk Not all of the study’s pre-specified primary outcomes have been reported.

Protection against conta-
mination

High risk Cluster-randomised trial; unclear if/how contamination protected against with
stepped wedge design

Koberlein-Neu 2016  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: tertiary medical centre in the city of Essen, Germany, which serves "an urban population"

Unit of allocation/analysis: participant

Follow-up: unclear

Duration: unclear

Providers: physicians

Michalek 2014 
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Participants 114 patients admitted to a 700-bed tertiary medical centre. Patients were eligible if aged > 70 years, in
a stable health condition (defined as no need for intermediate or intensive care unit treatment), had at
least 3 diseases in need for drug treatment, and had at least 3 medical prescriptions.

Focus on polypharmacy: polypharmacy at admission

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 physician and rec-
ommendations were discussed with the study physicians

Training: physicians received training throughout the study period

Timing of intervention: during inpatient stay

Quote: “On the intervention ward (FORTA group), physician education was structured and continuous-
ly provided during the study. The physicians were formally instructed about the 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 pow-
er and legal sanction to modify medication plans. The ward physicians’ own judgement was leading
over FORTA-based suggestions in the process of finding the appropriate medication.

On the control ward all patients were treated based on established medical standards and on the prin-
ciples of good medical practice. In the intervention group, the drugs were evaluated according to the
FORTA list and changed as guided by FORTA within the first week in the hospital. Weekly meetings for
intervention were performed that encompassed a thorough evaluation of patient diseases, function-
al status, prognosis, and need for drugs. Decisions were based on the FORTA suggestions. Drugs were
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/B drugs or not indicated) 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 Impact of the application of the FORTA list on the number and the quality of drugs; number and quality
of drugs; measured at admission to hospital and at discharge

Number of patients who fell, the frequency of in-hospital falls and the change in functional status dur-
ing hospital stay

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

Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: “Patients were assigned randomly by number of entrance to one of two
wards. In addition, patients could only be included in the study during the first
3 days of the week due to staH availability”

Michalek 2014  (Continued)
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Allocation concealment
(selection bias)

Low risk Quote: “Patients were assigned randomly by number of entrance to one of two
wards. The assignment was performed by a manager not involved in patient
care and blinded to the aim of the study”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: “Two physicians familiar with the FORTA classification were responsi-
ble for the intervention process. They were not involved in the treatment of the
patients of the control area. All other staH of both wards were blinded to the
aim of the study”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk All patients completed the study protocol.

Selective reporting (re-
porting bias)

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

Protection against conta-
mination

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 mini-
mize contamination of results caused by staH”

Michalek 2014  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: Skane County, an area in southern Sweden with approximately 1,150,000 inhabitants. Patients
were invited via healthcare centres.

Unit of allocation/analysis: participant

Follow-up: 2 months follow-up

Duration: unclear

Providers: pharmacist

Participants 369 patients (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

Interventions Model of pharmaceutical care: pharmacists performed systematic medication reviews without person-
al patient contact, which were sent to the physician

Training: no educational intervention was specified

Timing of intervention: unclear

Milos 2013 
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Quote: “For patients in the intervention group the pharmacists performed a systematic medication re-
view without personal patient contact. The medication review included assessment of relevant parts of
the EMR and collection of data on the patient’s blood sample results for creatinine, estimated glomeru-
lar filtration rate (eGFR), cystatin C, haemoglobin, sodium and potassium plasma levels.

To identify DRPs the clinical pharmacist initiated medication reviews based on the background in-
formation (symptom assessment form and the MDD cards). The working process was carried out in a
structured way with formularies compiled from the LIMM model.

The following predetermined risk categories for identifying DRPs were taken into account by the phar-
macist and documented by the student:

• Drugs that required therapeutic monitoring

• Inappropriate drugs for elderly according to The National Board of Health and Welfare (PIMs)

• Drugs that are not recommended according to the regional drug and 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 that could require
dose adjustment; D interactions are those involving a drug combination that ought to be avoided)

• Drug type or drug dosage not adjusted for the patient (renal function, liver function)

• Unclear indication for drug treatment

• Suboptimal treatment

• Drugs causing potential adverse drug reaction.

The check list including 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 to the physician varied depending on the PHCC’s routines and organi-
sation and consisted of team rounds, written contact, personal contact and telephone contact.

To ensure that the pharmacists worked similarly, they were formally instructed in one 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 Number of PIMs at baseline and 2 months

Percentage of patients taking 10 or more medications and percentage of patients taking 3 or more psy-
chotropic drugs (from specified groups); measured at baseline and 2 months

Notes Funding: the study was conducted with government funding for projects involving improvement of
drug therapy in the elderly.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “The randomisation was performed using a random number genera-
tor”

Allocation concealment
(selection bias)

Low risk Quote: “The pharmacist used closed, nontransparent envelopes to randomise
the patient to one of two groups: control or intervention”

Milos 2013  (Continued)
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Missing outcome data balanced in numbers across intervention groups, with
similar reasons for missing data across groups

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but it is clear that the published reports in-
clude all expected outcomes, including those that were pre-specified.

Protection against conta-
mination

Unclear risk Insufficient information to permit judgement

Milos 2013  (Continued)

 
 

Study characteristics

Methods Study design: cluster-randomised trial

Setting: GP practices in the state of Hesse, Germany. Of 20 practices involved in the study, 6 were in ur-
ban areas, 9 in suburban and 5 rural.

Unit of allocation: GP practices

Unit of analysis: patients

Follow-up: 12-weeks follow-up

Duration: unclear

Providers: GPs

Participants 100 older patients (50 intervention and 50 control)

Focus on polypharmacy: included participants taking 5 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 a brown bag review and a checklist-based
preconsultation interview with the patient that is conducted by the HCA, a computer-assisted medica-
tion review carried out by the GP and a GP-patient consultation.

Muth 2016 
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GPs in the intervention group received practice guidelines for older patients and the complex interven-
tion was implemented at their practice on a single occasion.

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

Outcomes Medication Appropriateness Index (MAI); measured at baseline, 6 weeks and 12 weeks

Health-related quality of life (EQ-5D index); measured at baseline, 6 weeks and 12 weeks

Self-reported adherence (Morisky the Medication Adherence Rating Scale - MARS); measured at base-
line, 6 weeks and 12 weeks

Notes ISRCTN99691973

Funding: provided by the German Federal Ministry of Education and Research, BMBF (grant number
01GK0702)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

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

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Losses to follow-up were small and similar across both groups.

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but it is clear that the published reports in-
clude all expected outcomes, including those that were pre-specified.

Protection against conta-
mination

Unclear risk Quote: “Reduction in inappropriate prescriptions was observed in both
groups, indicating a likely contamination effect in the control group”

Muth 2016  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial (cluster)

Setting: GP practices in the state of Hesse, Germany. Of 72 practices in the study, 22 were located in a
city, 16 in a mid-sized town, 25 in a small town and 9 in a rural area

Unit of allocation: GP practices

Muth 2018 
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Unit of analysis: patients

Follow-up: 9 months follow-up

Duration: unclear

Providers: GPs

Participants 505 older patients (252 intervention and 253 control)

Focus on polypharmacy: included participants taking 5 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) a brown bag review and
(2) a checklist-based preconsultation interview with the patient that is conducted by the healthcare as-
sistant (HCA), (3) a computerised decision support system (CDSS)-assisted medication review carried
out by the GP, and (4) a GP–patient consultation to optimise and prioritise medication. GPs had the op-
tion to use the CDSS to help prepare the medication review with the patient, and during the consulta-
tion itself. Trained HCAs and GPs implemented the intervention on a single occasion, which took the
GP and the HCA a per-patient average of 35 and 45 min, respectively.35 The practice team for the inter-
vention group received the GP guidelines for ambulatory geriatric care prepared by the Hesse Guideline
Group. Recommendations in the guideline focus on primary and secondary prevention (e.g. physical
exercise, fall assessment and prevention).

The control group continued to receive usual care but the practice team also received the GP guide-
lines for ambulatory geriatric care to harmonise usual care in both groups”

Outcomes MAI score; measured at baseline, 6 months and 9 months

Health-related quality of life (EQ-5D); measured at baseline, 6 months and 9 months

Functional status; measured at baseline, 6 months and 9 months

Pain; measured at baseline, 6 months and 9 months

All-cause hospitalisation; measured at baseline, 6 months and 9 months

Adherence (Morisky-Green); measured at baseline, 6 months and 9 months

Notes ISRCTN99691973; NCT01171339

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Practice allocation to treatment groups will be performed by central
randomisation by a study-independent researcher at the IGP after registra-
tion of the first patient per practice. Once a practice has been randomised, all
the patients recruited for the practice will be deemed intervention or control
depending on which arm of the study each practice was allocated. After com-

Muth 2018  (Continued)
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pletion of the baseline documentation of all study patients per practice, the
study-independent researcher at the IGP will 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: “Practice allocation to treatment groups will be performed by central
randomisation by a study-independent researcher at the IGP after registra-
tion of the first patient per practice. Once a practice has been randomised, all
the patients recruited for the practice will be deemed intervention or control
depending on which arm of the study each practice was allocated. After com-
pletion of the baseline documentation of all study patients per practice, the
study-independent researcher at the IGP will 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 (perfor-
mance bias)
All outcomes

Low risk Quote: “Owing to the nature of the intervention, it was not possible to blind
GPs, HCAs, patients and the study team”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Quote: “Treatment allocation was blinded to the clinical pharmacologist con-
ducting medication reviews for the primary outcome (MAI) and to the statisti-
cian”

Incomplete outcome data
(attrition bias)
All outcomes

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

Selective reporting (re-
porting bias)

Low risk The study protocol is available and all of the study’s pre-specified (primary and
secondary) outcomes that are of interest in the review have been reported in
the pre-specified way.

Protection against conta-
mination

Low risk Cluster-RCT – allocation was by practice

Muth 2018  (Continued)

 
 

Study characteristics

Methods Study design: randomised controlled trial (pragmatic, multi-national, parallel-arm, prospective, ran-
domised, open-label, blinded endpoint controlled trial)

Setting: large academic teaching hospitals in cities in Ireland, Scotland, Spain, Italy, Belgium and Ice-
land

Unit of allocation/analysis: participant

Follow-up: 12 weeks

Duration: patients are followed up for 12 weeks but unclear how long patients' duration of participa-
tion was

Providers: "The Trial Coordinating Committee was staHed by a dedicated Trial Manager, an Endpoint
Liaison Officer (both full time) and a Data Manager, Biostatistician, and Trial Monitor (part-time) who
were supervised by the Trial Coordinating Investigator. Each of the six sites was led by a site Principal
Investigator (PI), a senior physician specialising in geriatric medicine and with extensive experience in
geriatric pharmacotherapy. These PIs oversaw the recruitment, training and conduct of the local tri-
al staH. All site staH were ICH GCP certified researchers with medical, nursing or health science back-

O'Mahony 2020 
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grounds. Training consisted of live interactive tutorials, online ICD-10 training, case-based ADR adju-
dications, remote testing of the electronic case report form (eCRF) at each clinical site, a central two
day and subsequent one day meeting of all local site staH and web-based site initiation visits prior to
recruitment initiation. Audits were performed by the Clinical Research Facility in Cork (CRF-C) monitor-
ing staH who were otherwise independent of the running of the trial."

Participants 1537 patients randomised: 772 to intervention group and 765 to control

Age: overall, years (IQR): 78 (72, 84); intervention: 78 (72, 84); control: 78 (72, 84)

Sex: overall, female: n = 725 (47.2%); intervention: 367 (47.5%); control: 358 (46.8%)

Race: not given

Top 100 most prevalent chronic medical conditions were listed in supplement page 7. Top 10 were es-
sential (primary) hypertension (n = 1121), hyperlipidaemia (330), heart failure (315), COPD (297), chron-
ic ischaemic heart disease (293), non-insulin-dependent diabetes mellitus (249), hypothyroidism (232),
atrial fibrillation and flutter (219), chronic kidney disease stage 3 (207), pure hypercholesterolaemia
(184)

The total number of daily medications (median (IQR)) = 10 (8 to 13). The number of daily medications in
intervention group = 10 (8 to 13). The number of daily medications in control group = 10 (8 to 13).

Interventions Model of care: clinical decision support system-generated medication advice reports based predomi-
nantly on PIP criteria to clinicians attending hospitalised acutely ill older people living with multi-mor-
bidity. The aim was to test whether this significantly reduced adverse drug reaction incidence.

Timing: patients randomised, allocated to either control or intervention arm; outcomes assessed with-
in 14 days of enrolment, follow-up at 12 weeks post-discharge. Standard pharmaceutical care plus sin-
gle time point SENATOR software intervention within 60 hours of admission.

Quote: "The central hypothesis in the SENATOR trial is that attending medical staH prescribers working
in specialist departments other than geriatric medicine will—when offered advice points relating to po-
tentially inappropriate medication in individual patients under their care—adjust the prescriptions of
these patients according to the SENATOR software-generated advice reports (the intervention). These
adjustments will, in turn, significantly reduce ADR incidence in intervention arm patients compared to
matched patients receiving standard pharmaceutical care in the same medical centre.

The SENATOR software was designed by the project consortium and implemented by the Clanwilliam
Group. It produces a report, in the clinician’s native language, that identifies potential risks, and oppor-
tunities for improvement, in the participants’ current medication list. The report has 5 components:
[1] recommendations for modifying or discontinuing a current medication; [2] recommendations to
initiate a new medication (both based on the published STOPP/START guidelines); [3] identification of
major drug-drug and [4] drug-disease interactions (both based on SafeScript software and other lo-
cal drug-drug and drug-disease interaction databases) [5] and nonpharmacological recommendations
considered complementary to patients’ drug therapy. STOPP/START is a widely used series of heuris-
tic rules aimed at optimizing drug prescribing in older patients, which has been validated in a range of
settings. SafeScript is a validated software system which uses the Summary of Product Characteristics
(SPCs) of ATC coded medications in conjunction with ICD-10 coded conditions that was developed in
the UK. The non-pharmacological recommendations in the SENATOR report were based on the ‘Opti-
mal evidence-based Non-drug Therapies in Older People’ (ONTOP) programme; these evidence-based
recommendations were developed independent of the trial as part of the same FP7 funded project. On-
ly the ONTOP recommendations aimed at reducing the occurrence of incident delirium were complet-
ed and available for inclusion in the SENATOR report version used within the current trial. Since all old-
er subjects who are hospitalised are at risk for developing delirium, the recommendations are provid-
ed to all subjects randomized to the SENATOR intervention, except those who already have delirium at
the time of recruitment. The ONTOP recommendations are included by way of a demonstration of the
potential utility of SENATOR as a potential mechanism for promoting non-pharmacological therapies
i.e. as a proof of concept. However, the study was not powered with the aim of estimating the benefits
of the ONTOP component. In the intervention arm the participant’s clinical team receive an individu-
alised SENATOR report, at a single time point within 60 hours of hospital admission. Control arm sub-
jects and their doctors receive no additional study specified intervention. All subjects have usual clini-
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cal management whereby as part of routine care clinicians routinely review and adjust medications ac-
cording to their local practice.

In addition, in one site the majority of hospitalised patients undergo a routine review of their medica-
tions by a dedicated internal liaison team or by a hospital pharmacist. As SENATOR is a decision sup-
port tool, it efficiently provides in a single report a range of evidence-based recommendations, de-
rived from general considerations. Given the multiple complexities of clinical care, none of these rec-
ommendations is mandated. Rather clinicians are requested to review them in the context of the pa-
tient’s unique clinical circumstances and to make any alterations in accordance with the clinician’s
best judgement."

Outcomes The proportion of patients with at least one adjudicated probable or certain, non-trivial incident in-
hospital ADR occurring within 14 days of enrolment during the index hospitalisation

The proportion of patients with at least one adjudicated possible, probable or certain, non-trivial inci-
dent in-hospital ADR occurring within 14 days of enrolment during index hospitalisation

The proportion of patients with at least one adjudicated probable or certain, non-trivial hospital-ac-
quired, pre-specified (as listed in protocol, table 2) ADR occurring within 14 days of enrolment during
index hospitalisation

The number of adjudicated probable or certain, non-trivial hospital-acquired ADRs occurring within 14
days of enrolment during the index hospitalisation (i.e. the count of primary endpoint events)

The number of adjudicated possible, probable or certain, non-trivial, incident, in-hospital ADR occur-
ring within 14 days of enrolment during index hospitalisation

The number of adjudicated probable or certain, non-trivial hospital-acquired, pre-specified (as in pro-
tocol table 2), non-trivial, incident, in-hospital ADR occurring within 14 days of enrolment during index
hospitalisation

All-cause mortality within 30 days of randomisation

Re-hospitalisation at 12 weeks post-discharge

QoL (EQ-5D-3L); measured at baseline and discharge

Healthcare utilisation (outcome not reported)

Notes Funding: this work was supported by the European Commission’s Seventh Framework Programme
(FP7/2007–2013) (grant number 305930) as part of the SENATOR project.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The patients are randomised into one of the 2 trial arms with a 1:1 allocation
ratio. Randomisation is stratified by study site and by admitting service type
(i.e. medical vs surgical). The stratum-specific randomisation lists are generat-
ed using random block sizes by an independent statistician.

Allocation concealment
(selection bias)

Low risk Trial allocation was delivered using an interactive Web-Response System de-
veloped in conjunction with the main trial database by Clininfo, the data man-
agement partner company within the SENATOR project. Participant alloca-
tion was released once all necessary baseline information data had been en-
tered into the trial database and a decision made to randomise. In partici-
pants randomised to the active intervention, trial data were automatically
transferred to the cloud-based SENATOR software engine maintained by Clan-
william Health, and the resulting SENATOR report was automatically emailed
to the local trial research staH at a designated email.
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Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Given the nature of the intervention it is not possible to effectively mask the
intervention from the clinical team or from the on-site researchers. The ran-
domisation lists were integrated into the eCRF so that researchers could not
access them and any given allocations were only revealed once patients were
unambiguously enrolled into the trial and their screening information was irre-
versibly entered onto the eCRF. Blinded co-principal investigators adjudicated
Trigger List event forms relating to patients from other clinical sites

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Potential adverse drug reactions (ADR) were assessed by a blinded adjudica-
tion committee. The recording of evidence supporting an ADR was done in a
blinded manner using the relevant Potential Endpoint Form.

Quote: "Each event is reviewed by up to five Potential Endpoint Adjudication
Committee members, excluding members from the same site where the event
occurred. Each reviewer independently assesses the likelihood of the event
being medication-related and the severity of the event. If the local site Princi-
pal Investigator, upon unblinded review of the patient’s case records and the
Primary Endpoint Form, grades the event as either ‘unlikely’ or ‘certain’ and
the Endpoint Liaison Officer concurs, then the Evidence Form is reviewed by
a single blinded Endpoint Committee member, marking Stage 1. If the stage
1 Reviewer agrees with the Site Principal Investigator, this decision is accept-
ed otherwise the form is reviewed by a second blinded Endpoint Committee
member, marking Stage 2. All Potential Endpoints judged by the unblinded
Site Principal Investigator to be possible, probable, or indeterminate ADRs are
directly reviewed independently by two committee members who are blind-
ed to the initial assessment. The adjudicated conclusion is determined by the
Stage 2 Agreement Matrix; where reviewers agree, or any disagreement is mi-
nor, an adjudicated result is assigned. For more substantive levels of disagree-
ment, the review progresses to a 3rd blinded Endpoint Committee member
(Stage 3) and a majority consensus prevails provided all 3 reviewers judge that
the event is at least a possible ADR. Otherwise the event is adjudicated by con-
sensus at a full committee meeting with the Site Principal Investigator being
recused."

Incomplete outcome data
(attrition bias)
All outcomes

High risk All analyses were based on the intention-to-treat principle. The intention-to-
treat population consisted of all patients randomised.

Results show:

Intervention: 772 patients; followed up at 12 weeks: 660

Control: 765; followed up at 12 weeks: 645

Numbers withdrawn/lost to follow-up were similar between groups.

EQ-5D-5L was reported in a supplementary table. It was planned to be part of a
cost utility analysis, but other aspects of this analysis were not reported, such
as QALYs.

Selective reporting (re-
porting bias)

High risk Healthcare utilisation post-discharge was assessed but is not reported. It was
not stated why this outcome was not reported.

Protection against conta-
mination

High risk Arguments for not adopting a cluster design and acceptance of some degree of
contamination:

Quote: "We had initially proposed a cluster randomized trial adjusting for dif-
ference in baseline ADR risk using an ADR prediction tool such as the previ-
ously validated Gerontonet ADR Risk Scale [6]. This approach had the specif-
ic advantage of limiting contamination between the intervention and control
arm, especially if it transpired that the same investigator was simultaneously
attending a subject in both arms of the trial. However, in our feasibility study
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we discovered a very large degree of heterogeneity in ADR rates between dif-
ferent sites and between specialities within individual sites. Some of this het-
erogeneity may have resulted from initial limited standardisation of our ADR
reporting and adjudication processes and from sampling variability given the
limited sizes of individual samples as well as real substantive differences be-
tween sites. Furthermore, we found that within our population the ADR pre-
dictions tools were inadequate for correcting for the between-cluster variabil-
ity in baseline ADR risk. This made it impossible to exclude the possibility that
any observed differences in the proposed trial might not simply be the conse-
quence of an unequal distribution of baseline ADR risks across sites. We there-
fore adopted an individual level randomisation, accepting that a degree of
cross arm contamination might dilute the perceived effect size. However, even
in a cluster design this effect is not fully prevented because junior medical staH
routinely migrate between various specialities within a hospital and senior
clinicians typically cross cover other specialist services at weekends and when
working on-call outside of regular daytime hours."

O'Mahony 2020  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: hospital in city of Orebro, Sweden

Unit of analysis: patients

Follow-up: 12 months follow-up

Duration: unclear

Providers: GPs

Participants 150 older patients (50 intervention group B, 50 intervention group C and 50 control)

Focus on polypharmacy: included participants taking 5 or more 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: home visit by a nurse and a prescription review conducted by nurses
then sent to the 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 A and a letter with a prescription review (according to points 1 – 4 be-
low) sent to the physician/primary health care centre.

Group C (intervention): as group B combined with a current and comprehensive medication record
consisting of the patient's written drug regimen and indications sent to the patient to enable participa-
tion in his/her drug treatment.

Olsson 2012 
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This was accompanied by an instruction to utilize the record throughout the health care system, make
notes, and discuss their drug treatment with their physicians.

During the home visit patients in all three groups were asked about their drug regimen and compliance
to capture their “true” medication record. The study physician completed a prescription review assess-
ing 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, digi-
talis, diuretics, SSRI, PPI, neuroleptics, and drugs with anticholinergic effects);

3. drug interactions by using a computer program that warns for interactions of C-type (adjustment of
dose recommended) and D-type (avoidance of drug recommended);

4. number of medication errors and/or discrepancies between medication list (prescriptions) and the
patient’s own regime (drugs noted but not taken, 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); measured at baseline and 12 months

Quality of life (EQ-5D index, EQ VAS); measured at baseline, 6 months and 12 months

Notes For the purpose of this review we focused on intervention group C versus control.

Funding: this study was supported by grants from Orebro County Council.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Insufficient information to permit judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: “All home visits throughout the study were done by the same study
nurse who was blinded to the groups”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Quote: “No significant differences between the groups were observed in re-
spect of mortality or dropouts”

Selective reporting (re-
porting bias)

Low risk The study protocol is not available but it is clear that the published reports in-
clude all expected outcomes, including those that were pre-specified.

Protection against conta-
mination

Unclear risk Insufficient information to permit judgement

Olsson 2012  (Continued)
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Study characteristics

Methods Study design: cluster-randomised trial

Setting: assisted living facility in Helsinki, Finland

Unit of allocation/analysis: wards

Unit of analysis: participant

Follow-up: unclear, states that repeated assessments were performed at 6 and 12 months

Duration: unclear, states that repeated assessments were performed at 6 and 12 months

Providers: nurses and consulting physician

Participants 227 residents (118 intervention, 109 control) in 20 wards. Inclusion criteria: age 65 years or older; living
permanently in an assisted living facility; Finnish speaking; using at least 1 medication; having an esti-
mated life expectancy > 6 months; and being able to provide written informed consent (or have a proxy
who is able to provide written informed consent in the case of cognitive impairment)

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

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: 2 x 4-hour training sessions for nursing staH based on the principles of constructive learning
theory

Timing of intervention: unclear

Quote: “The intervention comprised two 4-hour training sessions for nursing staH based on the princi-
ples of constructive learning theory. The training sessions were developed to be activating and interac-
tive. The sessions were designed to enable nurses to better recognize harmful medications and corre-
sponding ADEs. The first 4-hour afternoon session was primarily lecture-based, but participants were
encouraged to present and openly discuss medication-related problems experienced by their own res-
idents. The session involved introducing the list of harmful medications and suitable alternatives. This
session also 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-relat-
ed problems. To demonstrate the relevance and importance of the topic, nurses were encouraged to
present and discuss actual resident cases from their own wards. Throughout the training sessions, the
nurses responsible for medication management were invited to reflect on their own procedures and
opportunities for improvement. We also invited physicians to participate in the 2 education sessions.
Two out of 3 physicians working in the intervention wards attended 1 of the training sessions. The list
of harmful medications was provided to all nurses working in the intervention wards. Following the
training, the nurses were asked to identify 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 staH received no additional training and continued to provide routine care”

Outcomes Use of potentially harmful medications (Beers criteria); measured at baseline, 6 and 12 months

HRQoL assessed using the 15 dimensional instrument (15D) of health-related quality of life; measured
at baseline, 6 and 12 months

Pitkala 2014 
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Health service utilisation; measured at baseline, 6 and 12 months

Mortality; measured at baseline, 6 and 12 months

Notes Funding: This study is supported by Sohlberg Foundation and Helsinki University Hospital develop-
ment grant.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “The 36 wards were assessed for possible participation, and 20 wards
were paired into 10 dyads. The wards in each dyad shared similar resident
characteristics. A computerized random number generator was then used to
randomize 1 ward in each dyad to the intervention arm and the other to the
control arm”

Allocation concealment
(selection bias)

Low risk Quote: “A person independent of assessment procedure telephoned another
person not familiar with the wards or residents to receive the randomization
number (intervention or control) for each ward”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Low risk Quote: “The study nurses who recruited the residents were not aware which
wards had been randomized to the intervention or control groups”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “The research nurses performed their assessments at 0, 6 and 12
months. These nurses were independent of the study intervention and un-
aware of the randomization procedures”

Incomplete outcome data
(attrition bias)
All outcomes

High risk Quote: “High attrition rate: 41 residents (18.1%) lost to follow-up at 6 months
and 63 residents (27.8%) lost to follow-up at 12 months. All residents assessed
at baseline and at least 1 of the 2 follow-ups were included when analyzing
changes in the use of medications and HRQoL (modified intention-to-treat
analyses). All randomized residents were included when analyzing health ser-
vice utilization and mortality (intention-to-treat analyses)”

Selective reporting (re-
porting bias)

Low risk The study protocol is available; however, there are some discrepancies be-
tween the outcome reported in the trial registry document and the paper. 6-
month outcome data for all outcomes are not clearly reported. Cost data are
not reported

Protection against conta-
mination

Low risk Quote: “A cluster randomised design was used that involved randomizing
wards rather than individual residents. This was necessary to avoid potential
contamination of the intervention that may have arisen if nurses had provided
care to both residents in the intervention and control arms”

Pitkala 2014  (Continued)

 
 

Study characteristics

Methods Study design: cluster-randomised controlled trial

Setting: home-dwelling patients recruited via their family doctors in the counties of Akershus and Oslo,
Norway
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Unit of allocation/analysis: cluster-randomisation at the family physician level was performed to avoid
between-group contamination. To avoid large variations in cluster sizes, each family physician partic-
ipated with a maximum of 5 patients, and stratification was performed based on the number of con-
tributing patients (1 to 2 vs 3 to 5).

Follow-up: 24 months

Duration: 2 years

Providers: physician trained in geriatric medicine, supervised by senior consultant. Patients’ own fami-
ly physicians involved in relaying medication changes to them.

Participants 70 family physicians underwent randomisation, each representing a cluster. Total 174 patients. 36 clus-
ters in intervention group (one cluster per family physician), 34 in control. 87 patients in each group.
Does not state how many patients per cluster, but methods section stated maximum of 5.

Mean age (SD): intervention 82.2 (7.6); control 84.4 (6.9). Overall, among 174 patients (mean (SD) age,
83.3 (7.3) years).

Sex: females, number (%) 118 (67.8%); intervention 52 (59.8); control 66 (75.9)

Race: not given

Co-morbidities: not given

Cumulative Illness Rating Scale summary score, mean (SD): intervention 16.8 (4.4); control 16.6 (4.1)

Regularly used drugs mean (SD): intervention 10.1 (2.7); control 9.5 (2.6)

Interventions Model of care: clinical geriatric assessments and collaborative medication reviews by geriatrician and
family physician (FP) - aim was to investigate their effect on health-related quality of life and other pa-
tient-relevant outcomes in home-dwelling older patients receiving polypharmacy

Timing: 1-hour consultation and follow-up meeting for intervention. Assessments at baseline, 16 and
24 weeks (also for control group).

"The intervention consisted of 3 main parts.

1. Geriatric assessment consisting of a medical history, systematic screening for current problems, clin-
ical examination of the patient, and relevant supplementary tests as well as a detailed review of each
medication in use, with emphasis on indication, dosage, possible adverse effects, and interactions. As-
sessments were done by a physician trained in geriatric medicine, supervised by a senior consultant.
On average, 1 hour was spent on each clinical consultation. As soon as possible after randomization,
the patients were seen by the geriatric physician. In advance, the geriatrician obtained necessary in-
formation on the patient’s medical history and actual medication from hospital records, the FP’s elec-
tronic patient record, the home nursing service and other relevant sources. The geriatrician carried out
a medical history from the patient (if necessary supplemented by a close relative) and a physical ex-
amination, both with focus on conditions most relevant for the patient’s total medication use. Rele-
vant blood analyses and other supplementary tests were ordered if not already available. The geriatric
work-up was aimed at evaluating whether current medications were indicated, whether the relevant
conditions were satisfactorily compensated, whether the dosages were appropriate, whether the pa-
tient had symptoms of adverse drug reactions, and whether drug-drug interactions or drug-disease in-
teractions were present or likely to occur. A drug interaction database, lists of anticholinergic drugs,
the STOPP/START criteria and the NORGEP criteria were also used.

PATIENT ASSESSMENTS carried out by the geriatrician:

Medical history: Go through medical history obtained from family physician. Is the information accu-
rate? Any indistinctness?

Systematic screening for current problems Cognition: Known/suspected dementia? (IQCODE, CDR, rel-
atives, impression of patient)? NPS? Depression/anxiety: Screening by ICD-10 criteria. Nutrition: Weight
loss, reduced appetite, nausea, dyspepsia? BMI, MNA-SF. Pain: Previous/current problem? Is the cause
identified? In need of better analgesia? Breathing: Dyspnea? Hydration: Signs of dehydration? Overhy-
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dration/edema? Natural functions: Urinary incontinence? Voiding problems? Diarrhea/constipation?
Mobility: Gait problems? Dizziness? Walking aids? History of falling? Sleep: Any problems related to
sleep? Sort out current main problem(s) concerning the patient's health.

Medications: Are all drugs used as prescribed? Any problems with administration? Has the patient any
suspicions regarding side effects? Is the patient aware of the indication for different drugs? If sympto-
matic medications – what is the current situation regarding the target symptom? If unclear indication,
explore the patient’s willingness to reconsider dosages or to discontinue the drug in order to assess ef-
fectiveness. For prophylactic medications, identify thoughts on the balance between current drug use
and reducing future risks.

Key elements of the medication review - Is there a clear indication for the drug? - Are treatment effects
evaluated and/or reconsidered? - Are dosages appropriate? - Are there any suspected adverse drug re-
actions? (Also considering whether symptoms considered as related to disease may rather constitute
subtle adverse drug reactions, perhaps as the combined effect of several drugs.) - Are drug-drug inter-
actions or drug-disease conditions present or likely to occur? - Are all relevant conditions satisfactori-
ly compensated? - Is the patient using drugs associated with particular high risk (e.g. anticholinergic
drugs, drugs listed in STOPP/NorGepc)?

Clinical examination: with emphasis on relevant conditions and current symptoms.

Supplementary tests: Blood pressure (including orthostatic), Pulse rate, respiratory rate, ECG, Relevant
blood analyses, Serum concentration of relevant drugs, Pharmacogenetic tests: - CYP2C19, CYP2C9,
CYP2D6 (all patients) - CYP3A5 and SLCO1B1 if using statins - SLC6A4 if using SSRI’s - VKORC1 if using
warfarin.

2. Second part of the intervention was a meeting between the geriatrician and the FP, with discussion
of each medication, establishing a collaborative plan for adjustments and follow-up. Approximate-
ly 15 minutes were spent discussing each patient. The main purpose of this meeting was to combine
the competence and knowledge of the geriatrician with that of the FP. The geriatrician summarized
the findings from the geriatric assessment and medication review, and the two physicians discussed
the patient’s drug list systematically. The geriatrician could suggest changes in the drug regimen, but
the FP retained the medical responsibility for the patient and oversaw all ordinations and medication
changes.

3. Third was clinical follow-up by the geriatrician or FP, as agreed on. Follow-up was in general done by
the FP. Depending on medication changes that had been done, the two physicians arranged the nec-
essary follow-up within the project period. The follow-up could consist of a clinical evaluation, further
drug adjustments, blood tests etc., and could be carried out by the FP, the geriatrician or through tele-
phone contact with the patient, the relative or the home nursing service, depending on the circum-
stances."

The control group received usual care from their family physician.

Outcomes QoL, measured by 15D instrument; measured at baseline, 16 weeks and 24 weeks

Medication appropriateness, MAI and assessment of underutilisation; measured at baseline, 16 weeks
and 24 weeks

Short Physical Performance Battery score; measured at baseline, 16 weeks and 24 weeks

Gait speed; measured at baseline, 16 weeks and 24 weeks

Grip strength; measured at baseline, 16 weeks and 24 weeks

Digit span forward; measured at baseline, 16 weeks and 24 weeks

Digit span backward; measured at baseline, 16 weeks and 24 weeks

Trail making test A; measured at baseline, 16 weeks and 24 weeks

Trail making test B; measured at baseline, 16 weeks and 24 weeks

Five Digits Test 1; measured at baseline, 16 weeks and 24 weeks
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Five Digits Test 2; measured at baseline, 16 weeks and 24 weeks

Five Digits Test 3; measured at baseline, 16 weeks and 24 weeks

Five Digits Test 4; measured at baseline, 16 weeks and 24 weeks

Functional Independence Measure; measured at baseline, 16 weeks and 24 weeks

Relative Stress Scale score; measured at baseline, 16 weeks and 24 weeks

Change in SBP; measured at baseline, 16 weeks and 24 weeks

Falls; measured 16 weeks and 24 weeks

Weight; measured at baseline, 16 weeks and 24 weeks

Hospital admissions; measured at 16 weeks and 24 weeks

No. days patient spent in own home during follow-up; measured at 16 weeks and 24 weeks

Use of home nursing service; measured at baseline, 16 weeks and 24 weeks

Admission to permanent institutional care; measured at 16 weeks and 24 weeks

Mortality; measured at 16 weeks and 24 weeks

Notes Funding: this study was funded by the Research Council of Norway (Dr Wyller).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was computer-generated and carried out in blocks of un-
known and variable size. A statistician not otherwise involved in trial proce-
dures prepared the allocation sequence.

Allocation concealment
(selection bias)

Low risk The research assistant, who provided all assessments, was blinded with re-
spect to allocation. To avoid selection bias, the clusters (at family physician
level) were randomised after all patients had been included in each cluster.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Cluster randomisation was done at the family physician level to avoid be-
tween-group contamination.

Due to the nature of the intervention, the geriatrician implementing the inter-
vention and family physicians in intervention clusters could not be blinded.

Although patients were repeatedly instructed not to reveal their allocation
group to the research assistant, such revelations may have occurred.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk The research assistant who carried out all outcome assessments was blind-
ed as to allocation. The RA conducted 3 outcome assessments: baseline, 16
weeks and 24 weeks.

Incomplete outcome data
(attrition bias)
All outcomes

High risk Some of the secondary outcomes are only reported in Supplement 2. Some
only have the statistical result reported and not the results of the test. These
include falls, weight, hospital admissions, time spent in own home, use of
home nursing service, admission to permanent institutional care and mortali-
ty.

Selective reporting (re-
porting bias)

Low risk All outcomes are reported. Some are reported in a supplement to the main pa-
per.
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Protection against conta-
mination

Low risk Cluster-randomisation was performed at the family physician level to avoid
between-group contamination.

Romskaug 2020  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial (2 × 2 factorial design)

Setting: 11 Veterans Affairs hospitals, in the USA - unclear if urban and/or rural

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 834 (430 intervention (inpatient), 404 control (inpatient)) participants who were 65 years of age or old-
er, were hospitalised on a medical ward or surgical ward, had an expected stay of 3 or more days and
met criteria for frailty

Focus on polypharmacy: at baseline, the mean number of prescription drugs per participant in the geri-
atric inpatient unit was 7.7; number was 7.6 in the usual inpatient care group

Age (ranges): 65 to 73 years (196 people in intervention group, 191 people in control group), 74 years or
older (234 people in intervention group, 213 people in control group)

Male: 97% intervention, 98% control

Ethnicity, white: 71% intervention, 75% control

Interventions Model of pharmaceutical care: pharmacists worked as part of a multi-disciplinary team in outpatient
clinics; the pharmacist(s) conducted an independent medication review together with participants dur-
ing a face-to-face encounter

Training: no education intervention was specified

Duration: during inpatient period

Quote: “All 11 inpatient and outpatient geriatric evaluation management programmes 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

Usual inpatient care was the customary medical or surgical treatment provided by attending physi-
cians

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

Outcomes Adverse drug reactions and serious adverse drug reactions; measured at baseline, hospital discharge
and 12 months

Inappropriate prescribing was assessed using the MAI and the Beers list at baseline, hospital discharge
and 12 months

Polypharmacy and under-use were also measured using AUM; measured at baseline, hospital discharge
and 12 months

Schmader 2004 
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Notes Funding: financial support was provided by grant AG-15432 and the Veterans Affairs Cooperative Study
Program 006. Additional support was provided by grant AG-14158 from the National Institute on Aging,
Washington, D.C.; grant AI-51324 from the National Institute of Allergy and
Infectious Diseases, Washington, D.C.; the VFW Endowed Chair in Pharmacotherapy for the Elderly, Col-
lege of Pharmacy, University of Minnesota; and the Veterans Affairs Cooperative HSR&D Service.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “Computer-generated random allocation”

Allocation concealment
(selection bias)

High risk Quote: “The centre notified site research assistants of each participant's inpa-
tient assignment by telephone. Outpatient assignment was revealed at hospi-
tal discharge”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “All assessments were performed blind to treatment status”

Incomplete outcome data
(attrition bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Selective reporting (re-
porting bias)

Low risk All outcomes were reported

Protection against conta-
mination

Unclear risk Insufficient information to permit judgement

Schmader 2004  (Continued)

 
 

Study characteristics

Methods Study design: randomised controlled trial

Setting: Duchess of Kent Hospital in the city of Sandakan, Sabah, Malaysia

Unit of allocation/analysis: participant

Follow-up: 6 months

Duration: end date of study unclear. Patients were followed up for 6 months from recruitment date,
and recruitment was from February 2014 to February 2015

Providers: interventions were delivered by a researcher who had been practising as a pharmacist

Participants 160 patients were randomised (intervention 80, control 80)

Age: overall 65.0 to 87.0, median 71. Intervention: 65.0 to 87.0, median 72.0. Control 65.0 to 84.0, medi-
an 71.0.

Shim 2018 
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Sex: overall: male n = 87 (57.2%), female 65 (42.8%). Intervention: male 42 (57.5%), female 31 (32.5%).
Control: male 45 (57%), female 34 (43%).

Race: overall: Chinese n = 97 (63.8%), other 55 (36.2%). Intervention: Chinese 42 (57.5%), other 31
(42.5%). Control: Chinese 55 (69.6%), other 24 (30.4%).

Co-morbidities: circulatory system (n = 156, 23.5%), endocrine, nutritional and metabolic disorders (n =
132, 19.9%), genitourinary system (n = 62, 9.3%)

No. of co-morbidities: overall: 1.0 to 11.0 (median 4.5); intervention group 1.0 to 9.0 (median 4.0); con-
trol 2.0 to 11.0 (median 5.0)

The most frequently prescribed medications were those for the cardiovascular system (n = 155, 28.2%),
followed by those for the gastrointestinal tract and metabolism (n = 136, 24.8%), and for blood and
blood-forming organs (n = 113, 20.6%).

Interventions Model of care: the aim of the study was to investigate the effects of collaborative interventions between
pharmacists and physicians on health-related outcomes of elderly patients, and medication adherence
and medication appropriateness. This study is a collaboration between pharmacists and physicians
and is an example of a complex health care intervention, which is “made up of several components,
which may act both independently and inter-dependently to achieve their desired outcomes”. Elderly
patients visit pharmacies to refill their medications, therefore this is an opportunity for pharmacists to
review medications.

Timing: intervention participants reviewed by pharmacist; it is unclear if patients met with physician
but pharmacists collaborated with physicians. Patients were followed up every 2 months after initial
meeting for 6 months. Not clear how long each meeting lasted.

This study was a RCT, conducted in a single centre, single-blinded, 2 parallel groups, equal randomi-
sation ratio of 1:1. Any elderly patients who sought treatment in the Medical Outpatient Department
(MOPD) of the Duchess of Kent Hospital in Sandakan, Sabah, Malaysia, from February 2014 to February
2015, were invited to participate.

Inclusion criteria: 65 years old or over, taking at least 5 medications, who could communicate in Eng-
lish, Bahasa Malaysia or Mandarin

Exclusion criteria: medical conditions that could prevent effective communication such as deaf, mute,
dementia, psychiatric. Those whose medications were supervised by caregivers/health care personnel.
Those taking part in other studies or services.

Informed written consent taken and patients followed up for 6 months.

Sample size calculated as follows: "if the pharmacist intervention could improve medication adher-
ence of elderly patients by 10%, with a 20% standard deviation (SD) and by using the sample calcula-
tor, OpenEpi (www.OpenEpi.com), with 95% confidence interval and 80% power of detection, at least
160 participants would be required for the study, assuming a 20% dropout rate."

"Researcher enrolled participants and assigned to control or intervention groups using computerised
random number generator, Research Randomizer (www.randomizer.org)."

Intervention group participants were provided pharmaceutical care, which included medication re-
views and reconciliation, counselling on their medications and how to use them. Importance of med-
ication adherence was emphasised; reasons for non-adherence noted and resolved.

Pharmaceutical care issues (PCIs) were identified by pharmacist and discussed with physician if re-
quired to resolve the issue.

"Medications of participants in intervention group were reviewed by pharmacist before seeing the
physician so that any inappropriateness or DRPs could be identified and resolved in discussion with
physician. Another researcher in the team, who is a pharmacist, or an ambulatory care physician, con-
firmed PCIs."

Shim 2018  (Continued)
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Participants were followed up every 2 months for 6 months. Every 2 months, pharmaceutical care was
given and phone calls were made to participants who did not arrive at the appointment. Participants
were considered dropouts if they did not attend follow-ups after 3 reminder calls.

All participants were given RM20 as a token of appreciation at the end of the study.

A research assistant, a pharmacist who was blinded to allocation of participants, conducted assess-
ment of baseline and endpoint (6 months) outcomes. Medical and medication history were recorded at
face-to-face interviews and confirmed by checking medical records.

Medication appropriateness was assessed based on MAI score. The MAI is comprised of 10 items, which
assess 10 elements of the prescribed chronic medications. Each item is weighted according to its im-
portance in determining medication appropriateness. Medication adherence was measured using the
Malaysian Medication Adherence Scale (MALMAS), a validated instrument. The MALMAS is comprised
of 8 items, with scores less than 6 representing non-adherence and 6 to 8 representing adherence. The
participants’ knowledge of the use of their medications was assessed based on their understanding of
correct doses, frequencies, indications and time of administration of their medicines.

All data were analysed using SPSS version 20. Descriptive analysis was conducted on all data; numeric
data were analysed for mean values, SDs and medians.

The Pearson Chi2 test was used to analyse associations between categorical data. Differences in nu-
meric outcomes between intervention and control groups were analysed using the Mann-Whitney U
test for independent samples. Any P value < 0.05 was considered statistically significant.

Effect size, which measures the magnitude of difference between intervention and control groups, was
reported using the formula recommended by Jin et al (Jin H, Kim Y, Rhie SJ. Factors affecting medica-
tion adherence in elderly people. Patient Prefer Adherence. 2016;10:2117-2125). Effect size was defined
as: small = 0.1, medium = 0.3 and large = 0.5.31 A generalised estimating equation (GEE) analysis was
performed to confirm the effects of the collaborative interventions on participants’ medication adher-
ence and medication appropriateness based on MAI scores.

Patients in the control group received usual outpatient care from the pharmacy, which consisted of dis-
pensing medications with brief instructions on the method of administration. These participants were
asked to return to the pharmacy for further assessment only after 6 months.

Outcomes Medication adherence scored by MALMAS – Malaysian Medication Adherence Scale; assessed at base-
line and 6 months

Medication appropriateness, scored by MAI; assessed at baseline and 6 months

Medication knowledge (unvalidated questionnaire); assessed at baseline

Notes Funding: the University of Malaya provided a research grant for this study (PG017-2013A).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A researcher enrolled the participants and assigned them to control or inter-
vention groups, according to the random allocation sequence generated using
a computerised random number generator, Research Randomizer.

Allocation concealment
(selection bias)

Unclear risk Not enough information to make a decision.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Study was single-blinded.

Participants could not be blinded due to the nature of the intervention.
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Pharmacists and physicians could not be blinded as they were delivering the
intervention.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk The baseline and end point (at 6 months) outcomes were assessed by a re-
search assistant who was blinded to the allocation of participants to the con-
trol and intervention groups.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Outcome data were complete/presented.

Selective reporting (re-
porting bias)

Low risk All outcomes were reported.

Protection against conta-
mination

Unclear risk Not enough information to make a decision.

Shim 2018  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: Mont-Godinne teaching hospital near the town of Yvoir, Belgium

Unit of allocation/analysis: participant

Follow-up: 1 month, 3 months and 1 year

Duration: from admission to discharge

Provider: pharmacists

Participants 186 hospital inpatients (96 intervention, 90 controls) aged 70 years and older with acute geriatric prob-
lems

Focus on polypharmacy: at baseline, mean (± SD) number of prescribed drugs was 7.9 (± 3.5) for partici-
pants in the intervention group and 7.3 (± 3.3) for those in the 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 part of inpatient services on hospital wards as
a clinical pharmacy service; the pharmacist(s) conducted an independent medication review together
with participants during a face-to-face encounter, which was discussed with the prescriber

Training: education was provided to prescribers

Timing of intervention: during the hospital inpatient stay

Quote: “The intervention consisted of the provision of pharmaceutical care from admission to dis-
charge 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 partic-
ipant medical records. For every participant, the pharmacist performed a medication history on admis-
sion and prepared a participant record with clinical and pharmaceutical data. Appropriateness of treat-
ment was analysed, and a pharmaceutical care plan was prepared. Whenever an opportunity to opti-
mise prescribing arose, the pharmacist discussed this with the prescriber, who could accept or reject

Spinewine 2007 
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the advice. The pharmacist answered all questions received from healthcare professionals about med-
ications. At discharge 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; measured at baseline and dis-
charge from hospital

Mortality, readmission (hospital admissions) or visit to an emergency department, medications taken,
unnecessary drug use and satisfaction with information provided at admission and at discharge; mea-
sured at 1 month, 3 months and 1 year after discharge

Notes Funding: one of the authors received research support from the National Institutes of Health, Grants
RO1 AI 5535901 and K23 AI068582-01.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: “Randomisation was alternate and was stratified for age, number of
prescribed medicines and identity of the resident in charge of the participant.
A pharmacist external to the main study checked the inclusion criteria and as-
signed participants to their groups”

Allocation concealment
(selection bias)

High risk Quote: “A pharmacist external to the main study checked inclusion criteria and
assigned participants to their groups”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “The physicians were not blinded to group assignment because of the
nature of the project”

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk The study was not double-blinded, and MAI evaluations at discharge were un-
blinded.

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 7 participants in both control and intervention groups were transferred to an-
other unit.

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

Selective reporting (re-
porting bias)

High risk A secondary outcome, 'medications taken', was not reported.

Protection against conta-
mination

High risk Some physicians cared for control and intervention participants.

Spinewine 2007  (Continued)

 
 

Study characteristics

Methods Study design: cluster-randomised controlled trial

Setting: 54 nursing homes in Belgium

Unit of allocation/analysis: cluster at nursing home level

Follow-up: 15 months

Strauven 2019 
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Duration: e-learning: 4 modules at 60 mins each. Workshop: 2 hours. 2 consultation meetings at 2 hours
each. Face-to-face medication reviews with nursing home residents (unclear how long these lasted or
how often they were held). Case conferences – 3 per resident over 12 months.

Providers: Component 1 – educational material developed by research team. The research team mod-
erated the face-to-face workshops. Component 2 - material provided by the research team. The co-or-
dinating physician, the pharmacist and the head nurse were invited to take the lead in preparing, or-
ganising and implementing the meetings. Component 3 – face-to-face medication reviews conducted
by an interdisciplinary team consisting of 3 HCPs: the GP, the pharmacist and a nurse (head nurse, or
other nurse involved in the care of the resident). The interdisciplinary case conferences were facilitated
by the use of a web application. Nurse and GP were supposed to represent the interest of the residents
by sharing information on the perception and preferences of the NHRs regarding their current medica-
tion regimen.

701 healthcare professionals (55 co-ordinating physicians, 378 GPs, 85 pharmacists and 183 nurses)

Participants 54 nursing homes were randomised, with 1804 participants: 24 in the intervention group with 847 resi-
dents; 30 in the control group with 957 residents

Age: median (IQR): intervention: 87 (82 to 92); control: 88 (83 to 92)

Sex: intervention: 590 females (69.7%); control: 682 (71.3%)

Race: not given

Median comorbidity score (CIRS-G) (IQR): intervention 25 (21 to 29), control 24 (21 to 28)

The 3 most prevalent comorbidities: hypertension, n (%): intervention 443 (56.0%), control 402 (56.1%);
dementia/dementia syndrome/cognitive impairment, n (%): intervention 471 (59.5%), control 388
(54.2%); osteoarthritis, n (%): intervention 501 (63.3%), control 474 (66.2%)

Median number of medications at baseline (IQR): intervention group = 9 (6 to 12); control group = 9 (6 to
11)

Interventions Model of care: the aim of the study was to investigate the impact of a complex multifaceted interven-
tion on the appropriateness of prescribing for Belgian nursing home residents

Timing: e-learning: 4 modules at 60 mins each. Workshop: 2 hours. 2 consultation meetings at 2 hours
each. Face-to-face medication reviews with nursing home residents (unclear how long these lasted or
how often they were held). Case conferences – 3 per resident over 12 months.

The key element of this complex multifaceted intervention was the structured and repeated interdisci-
plinary resident’s medication review (or ‘interdisciplinary case conferences’) supported by training and
local consultation.

The intervention consisted of 3 interacting components:

Component 1: education and training. A blended learning programme, combining e-learning with
face-to-face workshops, was developed. Training needs and desired formats were discussed during fo-
cus groups with HCPs. The structure of the e-learning platform, the format and content of the blend-
ed learning programme were developed in collaboration with a team of HCPs and experts in e-learn-
ing and geriatric pharmacotherapy. The e-learning consisted of four modules on the following topics:
drugs and ageing; (in)appropriate prescribing; medication review; and teamwork. Each module took
approximately 60 min to complete and was built up from a variety of learning formats including narra-
tive PowerPoints, videos, serious games, assignments, summary tools on specific topics and tests. All
participating HCPs from NHs allocated to the intervention group had access to the e-learning platform
that was available during the whole study duration. Educational material developed by the research
team was also available through the e-learning platform. It included a medication review flowchart,
a shortlist of STOPP/ START criteria and summary sheets on different topics (e.g. renal function, anti-
cholinergic drugs).

The research team moderated two types of face-to-face interactive workshops (i.e. on-site training), 2
hours each, one specific for pharmacists and one with all participating HCPs of one or more NHs. The
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aim was to apply the theoretical concepts, addressed during the e-learning, to clinical cases, and to get
familiar with research instruments (DRP classification; web application). Specific on-site training for
nurses could be given by the co-ordinating physician and/or the pharmacist. To encourage this type of
training, preparatory material on administration of medications and on detection of ADEs was provid-
ed by the research team. As an incentive, the e-learning modules and on-site workshops were accredit-
ed for GPs as well as for pharmacists. As there was no similar accreditation programme for nurses, they
received a certificate of attendance.

Component 2: local consultation. At the level of each participating NH, physicians (GPs and co-ordinat-
ing physician), pharmacists and nurses were asked to participate in 2 local consultation meetings. The
objectives of this component were (a) to reach consensus on the appropriate use of one specific class
of medication within each NH, with the intent that this work could then be used during the interdisci-
plinary case conferences and (b) to initiate teamwork and communication between HCPs of the same
NH. The overall output was expected to be (i) a ‘vision’ or a ‘management plan’ for the treatment of cer-
tain condition(s), (ii) a list of (in)valid indications for the use of the discussed medications; (iii) a list of
molecules to be preferred or avoided, and underlying reasons and (iv) modalities of the use of the pre-
ferred drugs (e.g. dosage, duration, follow-up). Two medication classes - antidepressants and lipid-low-
ering drugs - were selected by the research team.

Material to support the preparation of the meetings and the discussion was provided by the research
team. Each meeting was expected to last approximately 2 hours. The co-ordinating physician, the phar-
macist and the head nurse were invited to take the lead in preparing, organising and implementing the
meetings (i.e. invitations, content, discussion, guidelines, overview of figures and numbers of NHRs
taking these medications, summary, report). Depending on the opportunities and willingness, addi-
tional HCPs could be invited to participate (e.g. geriatrician, psychiatrist, physiotherapist, occupation-
al therapist). The first meeting had to be held at the beginning of the study, ideally before the first in-
terdisciplinary case conferences. A second meeting took place several months later. The objective of
the latter was to review the implementation of the consensus reached after the first meeting, to re-dis-
cuss or amend this consensus if necessary, and/or to start the discussion about the second medication
class. The HCPs involved in the study were paid for their attendance at the meetings.

Component 3: interdisciplinary case conferences. Face-to-face medication reviews had to be conduct-
ed for each NHR included in the study by an interdisciplinary team consisting of three HCPs: the GP, the
pharmacist, and a nurse (head nurse, or other nurse involved in the care of the resident). The medica-
tion review focused on the appropriate and cost-effective use of all medications taken by the resident.
During the discussion, the team determined whether drugs must be additionally prescribed, tapered,
discontinued, dose-adjusted or replaced, and whether other actions are needed. They were also re-
quested to prioritise and time schedule the treatment modifications to be made. Drug-related prob-
lems and interventions had to be recorded using a DRP classification tool adapted from Basger et al
and from the PCNE classification V6.2. The interdisciplinary case conferences were facilitated by the
use of a web application. This web application was primarily developed to allow electronic data collec-
tion (clinical, medical, economic and medication data). It also enabled (i) sharing data about NHRs be-
tween HCPs in the intervention group, allowing preparation of the medication review by each HCP and
(ii) generating a standardised report of every case conference, including details on DRPs and interven-
tions, with the possibility to re-discuss or amend these interventions at the next meeting.

A total of three case conferences per resident over a 12-month period were aimed for. Each case con-
ference was estimated to last about 20 mins. For residents with a hospital admission during the study
period, HCPs were encouraged to perform an additional medication review in the fortnight after hos-
pital discharge. For residents entering end-of-life care, an additional medication review could be con-
ducted with a focus on stopping unnecessary medications and optimising comfort. NHRs did not par-
ticipate in the case conferences. However, the nurse and the GP were supposed to represent the inter-
est of the residents by sharing information on the perception and preferences of the NHRs regarding
their current medication regimen. NHRs and/or their family were given the opportunity to receive feed-
back from the nurse or the GP on the issues discussed during the case conferences, and to get informa-
tion on the treatment and the proposed changes. HCPs could agree to postpone the implementation
of certain interventions until discussion with and agreement of the NHR and/or family. The HCPs were
paid for each interdisciplinary case conference.

Data were collected at 3 points in time: at month 1 (baseline), month 8 and month 15 (end of study).
Data collection was performed by the HCPs involved in the care of each resident through a web appli-
cation. Administrative and clinical data (e.g. age, functional status) were collected by the nurse, co-
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morbidities (past and current medical history) and laboratory values by the GP, and medication data
by the pharmacist. In the middle (month 8) and at the end of the study (month 15), data on health care
use (hospital admissions, emergency visits, GP or specialist visits) were collected by the nurse and the
GP. Characteristics of NHs (e.g. number of beds, location) and administrative data about participating
HCPs were collected at the beginning of the study (month 1) from the co-ordinating physician and re-
spective HCPs. HCPs were paid for data collection. In the intervention group, HCPs were also requested
to record data on each case conference (participants, time for preparation, duration, DRPs identified,
interventions).

Nursing homes allocated to the control group received no intervention and continued delivering usual
care. After completion of the last data collection, control NHs had access to the e-learning platform and
had the option of attending a symposium that presented a summary of key messages relative to the ef-
fect of the intervention. They also received feedback on their own results relative to the appropriate-
ness of prescribing.

Outcomes Outcomes were measured at baseline, 8 months and 15 months

Appropriateness of prescribing – counts of PIMs or PPOs

Mortality

No. of medications

Visits to specialised physicians

Visits to GPs

Hospital admissions

Visits to emergency department

No. of medications, counted in classes

Interdisciplinary case conferences: measuring median number of ICC per resident, median number of
drug-related problems per resident, cause and type of identified DRP and interventions, implementa-
tion status and drugs involved

Cost

Notes Funding: The study was funded by the National Institute for Health and Disability Insurance (NIHDI).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Nursing homes were stratified by (a) province/region, (b) experience with mul-
tidisciplinary case conferences and (c) type of medication delivery (by a hos-
pital pharmacy or by one or more community pharmacies). Factors (b) and (c)
were considered to be possibly significant covariates. Geographical location
(factor a) was taken into account because the funding body (NIHDI), requested
that (i) at least one NH from each province/region was given the opportunity to
implement the intervention and (ii) the number of NHs allocated to each group
was balanced per province/region. In 4 of the 10 Belgian regions/provinces,
only one NH applied. These 4 NHs were therefore immediately assigned to the
intervention group. The characteristics of the other 59 NHs with regard to lo-
cation (province/region), experience with case conferences and type of deliv-
ering pharmacy, were entered into SPSS. This programme generated a series
of blocks for each stratum and allocated NHs to control or intervention group
randomly within each block.

In terms of selection bias, the authors commented that this may have occurred
because only NHs that applied freely were included. Further, only NH residents
being treated by GPs who were willing to take part in the study were includ-
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ed. From a subsequent process evaluation, it was learned that these GPs were
among the most ‘open’.

Allocation concealment
(selection bias)

Low risk Allocation was performed by an independent researcher blinded to the identi-
fication of the NHs and not involved in the recruitment of NHs or residents.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Because of the nature of the intervention, it was not possible to blind NHs or
HCPs to the intervention.

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Data collection was performed by the HCPs involved in the care of each res-
ident through a web application. Administrative and clinical data (e.g. age,
functional status) were collected by the nurse, comorbidities (past and current
medical history) and laboratory values by the GP, and medication data by the
pharmacist. In the middle (month 8) and at the end of the study (month 15),
data on healthcare use (hospital admissions, emergency visits, GP or special-
ist visits) were collected by the nurse and the GP. Characteristics of NHs (e.g.
number of beds, location) and administrative data about participating HCPs
were collected at the beginning of the study (month 1) from the co-ordinating
physician and respective HCPs. In the intervention group, HCPs were also re-
quested to record data on each case conference.

HCPs had access only to data collection files of NHRs for which they were re-
sponsible. Data export from the web application to the research database
was performed with the intervention of a trusted third party (TTP), who was
responsible for data coding and small cell analysis. NHRs and HCPs were be
known to the research team by study ID number only. It is unclear if this meant
that the research team members were blinded to outcomes/data.

Incomplete outcome data
(attrition bias)
All outcomes

High risk The methods section stated that data collection would take place at baseline,
middle and end of study. Results seem to be presented only for baseline and
end.

Selective reporting (re-
porting bias)

High risk Results of cost analysis not presented in this paper. Full results of ICCs will be
reported in a separate report.

Protection against conta-
mination

Low risk As the intervention was mainly provided at the level of HCPs, a cluster design
was chosen to prevent contamination bias.

Each co-ordinating physician, pharmacist and management board could not
be involved in more than one application to the national call to nursing homes
in Belgium (to maximise variability in the sample and to prevent contamina-
tion bias).

Each GP only had patients in either the intervention or control group.
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Study characteristics

Methods Study design: pragmatic, multicentre, randomised controlled trial

Setting: GP practices in regions of Northern Ireland and England - likely a mix of rural and urban

Unit of allocation/analysis: participant

Follow-up: 6 months
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Duration: patients involved for 6 months

Providers: pharmacists who were based at general practices

Participants 356 patients were recruited and randomised: intervention 181; control 175

Age: mean years ± SD 67.9 ± 13.1; median (IQR) 70 (60.0 to 78.0); 18 to 65 years (n (%)) 126 (35.4); > 65
years (n (%)) 230 (64.6); range 25 to 96

Sex: female (n (%)): 192 (53.9); male: 164 (46.1)

Race: not given

Number of active medical problems (mean ± SD): 7.6 ± 3.4; median (IQR) 7 (5 to 10)

The average number of prescribed long-term medicines: 10.3

Interventions Model of care: the aim of the study was to evaluate the impact of a medicines optimisation interven-
tion, delivered by GP practice-based pharmacists, to patients at risk of medication-related problems
(MRPs), on patient outcomes and healthcare costs. Recognising pharmacists as part of healthcare
teams within primary care, the intervention focused on medication optimisation and how shared deci-
sion-making was an important part of that.

Timing: baseline pharmacist intervention and appointment with patient; at 2 months, same as baseline
– appointment with pharmacist/patient; 4 months, same as baseline and 2 months; 6 months – end of
study questionnaires

Prior to the first medicines optimisation intervention by the clinical pharmacist, he/she reviewed the
patient’s medical notes, electronic record and laboratory data to identify potential medication-related
issues. When the patient attended the practice, the pharmacist, through discussion with the patient,
compiled a complete medication history (including non-prescription medicine use), reviewed medica-
tion adherence and appropriateness of medicines and discussed medication management with each
patient. A pharmacist intervention guide, containing forms to complete for each patient at different
stages of the research was available to assist in ensuring uniformity of the process within and across
practices. Having completed this process, the pharmacist created a list of potential MRPs in order to
develop an individualised medicines optimisation intervention plan for each patient. The clinical phar-
macist aimed at delivering a holistic, patient-centred service to each participating patient based on in-
dividual needs, expectations and outcomes that mattered to the patient. The interventions included
recommending/making changes to medication regimens (in collaboration with GPs), personalised ed-
ucation and counselling on medication management, the correct use of medication administration de-
vices and lifestyle factors, as appropriate for each patient. The pharmacist also, in discussion with the
patient, drew up a list of treatment goals. Where necessary, the pharmacist referred the patient to an-
other healthcare professional within the practice for management of other patient matters identified
during the appointment, e.g. referred to a diabetic specialist nurse. Having completed the interven-
tion, the pharmacist produced a short report for the patient’s GP outlining actions taken and any fur-
ther recommendations which required input from the GP. The same procedure was followed at subse-
quent patient visits at 2 and 4 months, building upon patient progress towards agreed goals. The con-
trol group were the normal care group. A bi-weekly teleconference involving all participating pharma-
cists and a site visit to each GP practice site were conducted by the university-based members of the re-
search team as an integral part of project management to ensure that all the pharmacists were deliver-
ing a uniform service and completing all paperwork appropriately.

The control group continued with usual care. They were asked to complete baseline questionnaires
and end of study questionnaires at the 6-month time point.

Outcomes No. of medication-related problems (MRPs identified using classification devised by AbuRuz et al (ref
36); measured at baseline and 6 months

MAI score; measured at baseline and 6 months

MARS beliefs about medicines questionnaire; measured at baseline and 6 months

HRQoL patient satisfaction with pharmacist service; measured at baseline and 6 months
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Healthcare resource utilisation; measured at 6 months and the previous 6 months prior to study start-
ing

Notes Funding: This study was partially funded by the Association of the British Pharmaceutical Industry
(ABPI) (grant number MOIC001). NFS was sponsored by the Indonesia Endowment Fund for Education
(LPDP) (20160422046233).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Eligible patients were arranged in random order (random.org) and then ran-
domly assigned to control and intervention groups.

The list of patients in each practice who met the inclusion criteria of stratum 1,
followed by stratum 2 and who had no exclusion criteria was arranged in a ran-
dom order (random.org) and then randomly assigned to control and interven-
tion groups.

Allocation concealment
(selection bias)

Unclear risk Does not seem to refer to this.

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Blinding is not referred to at all.

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Unclear who implemented the questionnaires or other assessments. Pharma-
cists undertaking the assessments could not be blinded.

Incomplete outcome data
(attrition bias)
All outcomes

High risk All outcomes listed in the methods section are reported on in the results.
Some secondary outcomes have little detail, e.g. no measures of deviation re-
ported.

A secondary outcome measure listed in the study’s record detail on clinicaltri-
als.gov – patient laboratory data – is not mentioned in this report.

Selective reporting (re-
porting bias)

High risk Based on the difference between the study register and the outcome listed
there, which is not mentioned in the report.

Protection against conta-
mination

Unclear risk Contamination is not mentioned. It seems there was potential for contami-
nation as intervention and control patients were interacting with the same
health professionals.
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Methods Study design: randomised trial

Setting: GP practices in Montreal, Canada

Unit of allocation: physicians

Unit of analysis: participant

Follow-up: terminated after an inappropriate prescription had been initiated or discontinued
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Duration: 13 months

Provider: physician

Participants 107 primary care physicians with at least 100 participants, who were 30 years of age or older, had prac-
tices in Montreal and spent at least 70% of the week in fee-for-service practice, were randomly as-
signed. Participants were 66 years of age or older, had been seen on 2 or more occasions by the study
physician in the 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 pro-
gramme, 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-up access to
the Internet. The software documented health problems and medications supplied. For each partici-
pant, trained personnel developed a health problem list and documented 26 health problems related
to targeted 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 l'assurance maladie du Quebec (RAMQ)).
Data were integrated into the participant's health record and were categorised as having been pre-
scribed by the study physician or by another physician. Alerts were instituted to identify 159 clinically
relevant prescribing problems among the elderly (McLeod 1997). Alerts appeared when the physician
accessed the record, when prescription record updates were downloaded from RAMQ and when cur-
rent health problems and prescriptions were recorded in the chart by the physician. They identified the
nature of the problem, possible consequences and suggested alternative therapy in accordance with
expert consensus”

Outcomes Initiation and discontinuation rates of 159 prescription-related problems (McLeod criteria); assessed
over the 13-month study period

Notes Funding: "Funding was provided by the Fonds de recherche en santé du Québec, the Fond d'autoroute
à l'information, the Medical Research Council, the National Health Research and Development Pro-
gram and Clinidata Inc. In addition, Dr. Tamblyn was supported as a health scholar by the National
Health Research and Development Program. This study was made possible by support provided by the
Régie de l'assurance maladie du Québec, which developed the computerized interface for the drug in-
surance-claims database of the seniors drug-insurance program, and by Clinidata, which developed
the software to record disease and drug profiles and to conduct automated surveillance for investiga-
tor-defined prescribing problems."

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: “Physicians were stratified by age, sex, language, location of medical
school and number of elderly patients. Half of the physicians within each stra-
tum were randomly assigned to the CDS group”
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Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Quote: “Physicians and patients were not told the specific outcomes of the
study but were aware of which group they had been assigned to”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Number of inappropriate scripts started per 1000 visits and number of inap-
propriate scripts discontinued per 1000 visits were reported.

Selective reporting (re-
porting bias)

Low risk All results of outcomes specified in the methodology were reported.

Protection against conta-
mination

Unclear risk To minimise the possibility of contamination, only 1 physician per group prac-
tice was included.

Tamblyn 2003  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: rural Alabama. Patients were recruited via clinics affiliated with the University of Alabama
School of Medicine in Tuscaloosa and other towns in Pickens County, Alabama. Pickens County ranks
among the 13% poorest counties in the USA.

Unit of allocation/analysis: participant

Follow-up: 12 months

Duration: baseline until 12 months

Provider: pharmacists

Participants 33 intervention patients, 36 control who received care at 3 community-based family medicine clinics

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

Age (mean ± SD): 64.4 ± 13.37 years intervention, 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 pharmacists in 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
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Quote: “Participants received usual medical care along with pharmacotherapeutic interventions pro-
vided by a pharmacist during regularly scheduled clinic visits, based on the principles of pharmaceu-
tical care. A participant typically met with a pharmacist for 20 minutes before seeing a physician. Pub-
lished therapeutic algorithms and guidelines were used as the basis of the pharmacists' recommen-
dations. Pharmacists were specifically trained to evaluate a therapy's indication, effectiveness and
dosage, as well as the correctness and practicality of directions, drug-drug interactions, drug-disease
interactions, therapeutic duplication and duration of treatment, untreated indications and expense

The pharmacist reviewed the medical record for medication-related problems, conducted a chart re-
view to ensure that information on drug therapy and allergies was accurately documented, examined
the medication history to determine compliance with and complications of medications and provid-
ed comprehensive individualised participant education, which included a brief review of the disease,
important lifestyle modifications and basic drug information. Pharmacists monitored participants' re-
sponses to drugs and attempted to improve compliance by consolidating medication regimens, re-
ducing dosage frequency, devising medication reminders and teaching participants techniques for us-
ing devices such as inhalers. In addition to this, a system was developed in which the participant, the
physician or the nurse reported suspected problems associated with drug therapy. Participants, nurses
and physicians were 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), knowledge and pharma-
cy-related satisfaction were recorded at 12 months

Quality of life (SF-36); assessed at baseline and 12 months

Notes Funding: This study was supported by the ASHP Research and Education Foundation.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Quote: “Patients were randomly assigned to a control group or an intervention
group”

Insufficient information to permit judgement

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Blinding of outcome as-
sessment (detection bias)
All outcomes

Unclear risk Insufficient information to permit judgement

Incomplete outcome data
(attrition bias)
All outcomes

Low risk 12 participants were not included because they were lost to follow-up.

Selective reporting (re-
porting bias)

Low risk All outcomes described were reported.
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Protection against conta-
mination

High risk Although participants were randomly assigned, physicians were not because
of the small number of physicians practising in the rural community.
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Study characteristics

Methods Study design: cluster-randomised trial

Setting: GP practices in the state of Mecklenburg-Western Pomerania, northern Germany

Unit of allocation: GP practices

Unit of analysis: patients

Follow-up: 12-month follow-up

Duration: 12 months

Providers: nurses

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 an in-depth assessment, computer-assisted as-
sessment determining a personalised array of intervention modules and subsequent success monitor-
ing

Training: no educational intervention was specified

Timing of intervention: unclear

Quote: “Dementia care management aims to provide optimal care by integrating multi professional
and multimodal strategies for improving patient- and caregiver-related outcomes within the frame-
work of the established health care and social service system. It was developed according to current
guidelines, targeted at the individual participant level, and delivered at patients’ homes by 6 nurses
with dementia-specific qualifications supported by a computer-based intervention-management sys-
tem(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 an individual preliminary
intervention task list, and the nurses discussed and finalized the task list in a weekly interdisciplinary
case conference with a nursing scientist, a neurologist/ psychiatrist, a psychologist, and a pharmacist.
Afterwards, the list of intervention tasks was summarized in a semi standardized GP information let-
ter. 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 home visits with an aver-
age duration of 1 hour, carrying out his or her standard intervention tasks in close cooperation with the
caregiver, the GP, and health care and social service professionals. During the subsequent 6 months,
the study nurse monitored the completion of all intervention tasks. In line with the Pacala scale for in-
tensive case managements, each study nurse delivered intervention to, on average, 60 patients with
dementia

Participants cluster-randomised to the control group received care as usual in a primary care setting”

Outcomes Use of potentially inappropriate medication (PRISCUS criteria); measured at baseline and 12 months

Thyrian 2017 
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Quality of life (QoL-AD); measured at baseline and 12 months

Notes Funding: The study was performed in cooperation with and funded by the German Center of Neurode-
generative Diseases and the University Medicine of Greifswald.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Quote: “The GP was randomized by fair coin tossing to care as usual or inter-
vention group”

Allocation concealment
(selection bias)

Unclear risk Insufficient information to permit judgement

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “The randomization was done before baseline assessment of the in-
dividuals and the intervention cannot be classified as blinded, neither on the
level of the GP, nor on the level of the study participant”

Blinding of outcome as-
sessment (detection bias)
All outcomes

High risk Quote: “Because baseline assessment, primary outcome assessment, and de-
livery of intervention needed to be performed by the same nurses, blinding
was not possible”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk Missing outcome data balanced in numbers across intervention groups, with
similar reasons for missing data across groups

Selective reporting (re-
porting bias)

High risk Not all of the study’s pre-specified secondary outcomes have been reported.

Protection against conta-
mination

Low risk Randomised at practice level

Thyrian 2017  (Continued)

 
 

Study characteristics

Methods Study design: randomised trial

Setting: hospitals in the German cities of Mannheim and Essen

Unit of allocation/analysis: participant

Follow-up: unclear, admission to discharge i.e. duration of stay

Duration: unclear, admission to discharge i.e. duration of stay

Providers: ward physicians

Participants 409 patients (202 intervention, 207 control) aged > 65 years

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

Age (mean): 84 intervention, 82 control (see notes)

Male: 36.6% intervention, 34.3% control

Wehling 2016 

Interventions to improve the appropriate use of polypharmacy for older people (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

113



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

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: “On the intervention ward (FORTA group), physician education was structured and continuous-
ly provided during the study. The physicians were formally instructed about the 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 pow-
er and legal sanction to modify medication plans. The ward physicians’ own judgement was leading
over FORTA-based suggestions in the process of finding the appropriate medication

On the control ward all patients were treated based on established medical standards and on the prin-
ciples 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.

Outcomes were measured at admission and discharge.

Notes Funding: The study was funded by DFG-German Research Foundation (WE 1184/15-1 to MW and HB;
FR2997/2-1 to HF).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

High risk Quote: “Randomization had to be guided by random availability of beds on
one ward only with the other ward being inaccessible at admission and this
may have resulted in observed heterogeneities between the control and inter-
vention groups at baseline”

Allocation concealment
(selection bias)

Low risk Quote: “The assignment was performed by a manager blinded to the purpose
of the study”

Blinding of participants
and personnel (perfor-
mance bias)
All outcomes

High risk Quote: “Study described as an “open randomized controlled trial”. No appar-
ent blinding of physicians based on intervention ward: on the intervention
ward (FORTA group), physician education was structured and continuous-
ly provided during the study. The physicians were formally instructed about
the FORTA-principle and provided with the relating documents (publications,
current FORTA-list) by 2 lectures before the study commenced. They con-
vened 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”

Blinding of outcome as-
sessment (detection bias)
All outcomes

Low risk Quote: “The assessment of medication quality and the adjudication of adverse
drug reactions/clinical endpoints were performed by FORTA-trained physi-
cians who were not involved in patient recruitment, ward instruction on the
study conduct and patient interviewing; thus, this could be done in a blinded
manner after discharge of the patient on the base of a note and data review to
avoid bias

Wehling 2016  (Continued)
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In addition, patients were asked for ADR and clinical records searched for relat-
ed entries by the study team that was not blinded but did not participate in the
endpoint adjudication as described above”

Incomplete outcome data
(attrition bias)
All outcomes

Low risk No missing data reported

Selective reporting (re-
porting bias)

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

Protection against conta-
mination

High risk Increasing contamination of the control ward by the intervention prevented
the study authors from extending the recruitment period. The 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 com-
munication.

Wehling 2016  (Continued)

ACOVE: Assessing Care of the Vulnerable Elderly; ADE: adverse drug events; ADR: adverse drug reactions; AUM: under-utilisation of
medication; CDS: computerised decision support; CDSS: computerised decision support; CI: confidence interval; COPD: chronic obstructive
pulmonary disease; cRCT: cluster-randomised controlled trial; DID: diHerence in diHerence; DDIs: drug-drug interaction; DRPs: drug-related
problems; ED: emergency department; eGFR: estimated glomerular filtration rate; EHR: electronic health record; EMR: electronic medical
record; FORTA: Fit for The Aged; GP: general practitioner; HCA: healthcare assistant; HCP: healthcare professional; HRQoL: health-related
quality of life; IGCT: inpatient geriatric consultation team; IPET: Inappropriate Prescribing in the Elderly Tool; IQR: interquartile range;
ITT: intention-to-treat; MAI: Medication Appropriateness Index; MARS: Morisky the Medication Adherence Rating Scale; MTM: medication
therapy management; NH: nursing home; 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 omissions; QALY: quality-adjusted life year; RAMQ: Régie de l'assurance maladie du Québec; RASP: Rationalisation of home
medication by an Adjusted STOPP in older Patients; SBP: systolic blood pressure; SD: standard deviation; SF-36: Short form 36; START:
Screening Tool to Alert doctors to the Right Treatment; STOPP: Screening Tool of Older Person’s Prescriptions; TRIM: Tool to Reduce
Inappropriate Medication
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

DRKS00013588 Setting (nursing homes)

Hogg 2009 Outcome measure: validated appropriateness criteria not applied to control group

Hugtenburg 2017 Not all patients receiving polypharmacy. No measure of appropriateness.

Juola 2015 No appropriate data

Rieckert 2020 The outcome was a composite of hospital admissions and death and we could not disentangle
these, and a validated measure of appropriate prescribing was not used.

Schmidt-Mende 2017 Not all patients receiving polypharmacy

Simon 2006 Outcome measure: appropriateness criteria not validated (expert opinion)

Wouters 2017 Not all patients receiving polypharmacy

ACOVE: Assessing Care of the Vulnerable Elderly
MAI: Medication Appropriateness Index
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Characteristics of studies awaiting classification [ordered by study ID]

 

Methods Aim: to evaluate the feasibility and sustainability of a collaborative deprescribing intervention by
a pharmacist and a physician to multimorbid patients in a Danish Subacute Medical Outpatient
Clinic (SMOC). A randomised controlled pilot study was conducted, with phone follow-up at 30 and
365+ days.

Participants 67 patients (mean age 72.5 ± 12.3 years, 57% men) completed the study. Both intervention (n = 34)
and control (n = 33) groups were comparable at baseline concerning gender, age, number of med-
ications and number of comorbidities. A total of 38 of the patients (57%) were referred to the SMOC
due to either anaemia, dyspnoea, pain, hypertension, oedema or decline in physical function. The
5 most frequent comorbidities in the study group were cardiovascular disease (56 patients, 78%),
pain conditions (47 patients, 65%), mental/neurological illness (20 patients, 28%), respiratory dis-
ease (18 patients, 25%) and diabetes (16 patients, 22%). Sixty-six patients (99%) had ≥ 1 diagnoses
within the 5 most frequent comorbidities. In total, the five most frequent comorbidities account-
ed for 198 out of 295 (67%) of all comorbidities. There was no difference in the incidence of acute
admissions between the control and intervention groups at 30, 90 and 180 days post inclusion (P ≥
0.052).

Interventions A senior pharmacist performed a systematic deprescribing intervention using the Screening Tool of
Older Persons’ potentially inappropriate Prescriptions (STOPP) criteria, the Danish deprescribing
list and patient interviews. A senior physician received the proposed recommendations and decid-
ed which should be implemented.

Outcomes The main outcome was the number of patients having ≥ 1 medication where deprescribing status
was sustained 30 days after inclusion.

Notes —

Aharaz 2021 

 
 

Methods Aim: to investigate a complex MULTIPAP intervention that implements the Ariadne principles in a
primary care population of young-elderly patients with multimorbidity and polypharmacy and to
evaluate its effectiveness for improving the appropriateness of prescriptions

Participants Patients aged 65 to 74 years with multimorbidity and polypharmacy

FPs were cluster-randomised to the intervention group (59 FPs, 298 patients) and control group (58
FPs, 295 patients). Participating patients had similar characteristics to non-participants. Mean age
(SD) control group: 69.9 (2.7) years; intervention group 69.6 (2.7) years.

Interventions Family physicians (FPs) were randomly allocated to continue usual care or to provide the MULTI-
PAP intervention based on the Ariadne principles with 2 components: FP training (eMULTIPAP) and
FP patient interviews.

The training comprised a 4-week course, which included multimorbidity, polypharmacy, appropri-
ateness of prescribing, treatment adherence, the Ariadne principles, therapeutic cascade, depre-
scription and physician-patient shared decision-making basic concepts.

Outcomes The primary outcome was the appropriateness of prescribing, measured as the between-group dif-
ference in the mean MAI score change from the baseline to 6-month follow-up.

A secondary outcome was the appropriateness of prescribing measured as the between-group dif-
ference in the mean MAI score change from the baseline to the 12-month point.

Another secondary outcome was quality of life, using the EuroQol 5D-5 L questionnaire.

Del Cura-Gonzalez 2022 
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Patient perceptions of shared decision-making were assessed using the collaboRATE measure and
question number 33 from the National Health System (NHS) inpatient survey. Medication safety
was measured as the incidence (number of events per patient year) of adverse drug reactions re-
ported by the FP and potentially hazardous interactions using the taxonomy proposed by Otero-
López. Medication adherence was measured with the Morisky Medication Adherence score. Use of
health services was measured as unplanned and/or number of hospitalisations, number of visits to
emergency services, and number of FP and primary care nurse visits.

Notes —

Del Cura-Gonzalez 2022  (Continued)

 
 

Methods Aim: to study whether a hospital discharge intervention combining medication review with en-
hanced information transfer between hospital and primary care physicians can delay hospital
readmission and impact health care utilisation or other health-related outcomes of older inpa-
tients with polypharmacy.

Participants 68 senior physicians and their blinded junior physicians included 609 patients ≥ 60 years taking ≥ 5
drugs.

Interventions Participating hospitals were randomised to either integrate a checklist-guided medication review
and communication stimulus into their discharge processes, or follow usual discharge routines.

Outcomes Primary outcome was time-to-first-readmission to any hospital within 6 months, analysed using a
shared frailty model. Secondary outcomes included readmission rates, emergency department vis-
its, other medical consultations, mortality, drug numbers, proportions of patients with potentially
inappropriate medication and the patients’ quality of life.

Notes —

Grischott 2022 

 
 

Methods Aim: to assess the feasibility of a definitive trial of the MyComrade intervention across 2 healthcare
systems (Republic of Ireland (ROI) and Northern Ireland (NI))

Participants Eligible practices were those in defined geographical areas who had GPs and practice-based phar-
macists (PBPs) (in NI) willing to conduct medication reviews. Eligible patients were those aged 18
years and over, with multimorbidity and taking 10 or more medications.

Mean age (SD) of control group: 73 (± 12) years; and intervention group: 73 (± 10) years

Interventions The MyComrade intervention is an evidence-based, theoretically informed novel intervention
which aims to support the conduct of medication reviews for patients with multimorbidity in pri-
mary care, using a planned collaborative approach guided by an agreed checklist, within a speci-
fied time frame.

Outcomes Feasibility outcomes, using pre-determined progression criteria, assessed practice and patient
recruitment and retention and intervention acceptability and fidelity. Anonymised patient-relat-
ed quantitative data, from practice medical records and patient questionnaires were collected at
baseline, 4 and 8 months, to inform potential outcome measures for a definitive trial. These includ-
ed (i) practice outcomes - completion of medication reviews; (ii) patient outcomes - treatment bur-
den and quality of life; (iii) prescribing outcomes - number and changes of prescribed medications
and incidents of potentially inappropriate prescribing; and (iv) economic cost analysis. The frame-
work Decision-making after Pilot and feasibility Trials (ADePT) in conjunction with a priori progres-

Kirwan 2022 
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sion criteria and process evaluation was used to guide the collection and analysis of quantitative
and qualitative data.

Notes —

Kirwan 2022  (Continued)

 
 

Methods Aim: to investigate the effects of a comprehensive medication review intervention on health-relat-
ed quality of life (HRQoL) and clinical outcomes in geriatric outpatients exposed to polypharmacy

Participants A total of 408 patients were included, with 196 in the medication-consultation group and 212 in the
usual care group. They were all taking 9 or more medications (median for whole study population =
12).

Mean age (SD) of control group: 80.8 (7.3) years and intervention group: 80.5 (7.2) years

Interventions The intervention was an additional consultation with a physician focusing on reviewing medica-
tion, informing patients about their medicines and increasing cross-sectoral communication as a
supplement to and compared with usual care.

Outcomes The primary outcome was change in HRQoL after 4 months measured with the EuroQoL 5-dimen-
sion 5-level (EQ-5D-5L) questionnaire. Secondary outcomes were HRQoL after 13 months, mortali-
ty, admissions, falls and number of medicines after 4 and 13 months.

Notes —

Kornholt 2022 

 
 

Methods Aim: to achieve clinical benefits for older patients (aged 75+) by means of evidence-based reduc-
tion of polypharmacy (defined as ≥ 8 prescribed drugs) and inappropriate prescribing in general
practice

Participants The trial involved 22 GPs and 307 patients in the intervention group; 21 GPs and 272 patients in the
control group (northern Italy).

Interventions The intervention consisted of a review of patient’s medication regimens by 3 experts who gave spe-
cific recommendations for drug discontinuation.

Outcomes The main outcome measures were non-elective hospital admissions or death within 24 months
(composite primary endpoint). Secondary outcomes were drug numbers, hospital admissions,
mortality, falls, fractures, quality of life, affective status, cognitive function.

Notes —

Mahlknecht 2021 

 
 

Methods Aim: to investigate the effect of a general practitioner (GP)-delivered, individualised medication
review in reducing polypharmacy and potentially inappropriate prescriptions (PIPs) in communi-
ty-dwelling older adults with multimorbidity in primary care.

Participants Eligible patients were aged 65 years or over and prescribed 15 or more repeat medicines.

McCarthy 2022 
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Intervention group: 26 practices and 217 patients; control group: 25 practices and 205 patients

Mean age of whole patient population in study: 76.5 years (SD 6.83); mean number of medicines:
17.37 (SD 3.50)

Interventions Intervention GP practices had access to the SPPiRE website, where they completed an education-
al module and used a template for an individualised patient medication review that identified PIP,
opportunities for deprescribing and patient priorities for care.

Outcomes The 2 primary outcomes were the number of repeat medicines and the proportion of patients with
any PIP, from a list of 34 prespecified indicators.

Secondary outcomes relating to prescribing included the number of medicines stopped and start-
ed, the proportion of patients with a reduction in significant polypharmacy, the number of PIPs,
the proportion of patients with a high-risk PIP, the proportion of patients with any reduction in PIP.
Secondary patient-reported outcomes measures included health-related quality of life (EuroQoL
5-dimension 5-level, EQ-5D-5L), revised Patients’ Attitudes Towards Deprescribing (rPATD) and the
Multimorbidity Treatment Burden Questionnaire (MTBQ). Healthcare utilisation data were also col-
lected.

Notes —

McCarthy 2022  (Continued)

 
 

Methods Aim: to evaluate the effect of an electronic deprescribing decision support tool on ADEs after hospi-
tal discharge among older adults with polypharmacy

Participants A total of 5698 participants were enrolled in 3 clusters. Median (range) of whole patient popula-
tion: 78 (72 to 85) years. There were 3204 patients in the control group and 2494 in the intervention
group.

Interventions Personalised reports of deprescribing opportunities generated by MedSafer software to address
usual home medications and measures of prognosis and frailty. Deprescribing reports provided to
the treating team were compared with usual care (medication reconciliation).

Outcomes The primary outcome was a reduction of ADEs within the first 30 days postdischarge (including
adverse drug withdrawal events) captured through structured telephone surveys and adjudicat-
ed blinded to intervention status. Secondary outcomes were the proportion of patients with 1 or
more PIM deprescribed at discharge and the proportion of patients with an adverse drug withdraw-
al event (ADWE).

Notes —

McDonald 2022 

 
 

Methods Aim: to assess the feasibility of the PolyPrime intervention in primary care in Northern Ireland (NI)
and the Republic of Ireland (RoI)

Participants 12 GP practices were recruited and randomised; 68 patients with a mean age of 76.4 (SD 4.4) years
for the whole study patient population.

Interventions Practices allocated to the intervention arm watched an online video and scheduled medication re-
views with patients on 2 occasions.

Rankin 2022 
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Outcomes The feasibility of collecting GP record (medication appropriateness, health service use) and pa-
tient self-reported data (health-related quality of life (HRQoL), health service use)) were assessed
at baseline, 6 and 9 months. HRQoL was measured using the EuroQol-5 dimension-5 level ques-
tionnaire (EQ-5D-5L) and medication-related burden quality-of-life (MRB-QoL) tool. An embedded
process evaluation and health economics analysis were also undertaken.

Notes —

Rankin 2022  (Continued)

 
 

Methods Aim: to investigate whether special training and the PRISCUS card could lessen PIM and undesired
drug–drug interactions (DDI) among elderly patients in primary care

Participants A total of 1138 patients were recruited in 3 clusters (control group with 68 practices and 593 pa-
tients; intervention group 1 with 34 practices and 304 patients; and intervention group 2 with 35
practices and 316 patients. Mean age (SD) for the whole patient population in the study was 77.5
(4.92) years.

Interventions In the intervention groups either the primary care physicians alone or the entire practice team re-
ceived special training; the control group received general instructions about medication.

Outcomes The primary endpoint was the difference in the percentages of patients at the practices with at
least one PIM/DDI at baseline (T0) and 12 months later (T1). Secondary endpoints were overall mor-
tality, the percentage of patients with at least one hospital admission and mean quality of life as
assessed using the EQ-5D health-related quality of life questionnaire.

Notes —

Rudolf 2021 

ADE: adverse drug events
AMO: admission medication order
BPMH: best possible medication history
CAS: computerised alert systems
CDS: Clinical Decision Support
EMR: electronic medical record
FP: family physician
GP: general practitioner
HRQoL: health-related quality of life
KT: knowledge translation
MAI: Medication Appropriateness Index
PAPA: medication prescription adapted to elderly
PIMs: potentially inappropriate medications
PIP: potentially inappropriate prescribing
SD: standard deviation
START: Screening Tool to Alert doctors to the Right Treatment
STOPP: Screening Tool of Older Person’s Prescriptions
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name Impact of clinical pharmacist medication review on appropriate prescribing in elderly patients: a
randomized, trial

Methods Randomised trial

ACTRN12617000665336 
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Participants Quote: “Patients are eligible for the study if they 1) attend medical follow up in Specialized Out-pa-
tient Clinic (SOPC) of the Department of Medicine, 2) are 65 years or older, 3) have hyper-polyphar-
macy (defined as 10 or more regular drugs and 4) agree to provide oral informed consent”

Interventions Quote: “For the intervention group, clinical pharmacist with 5 years of clinical experience will per-
form medication chart review prior to the next SOPC follow-up, The review includes assessing the
appropriateness of each of the regular medications based on laboratory findings, medication lists,
consultation and discharge notes, procedures and test results. Face-to-face interview (lasts for
around 30-45 mins) will then be conducted with patients on the day prior to the SOPC follow-up.
Clinical pharmacists will assess drug use history, identify drug-related problems and provide drug
therapy interventions through written pharmacist note to physicians during the SOPC follow-up,
based on the medication chart review and the above pharmaceutical assessments. Immediately af-
ter the SOPC follow up, clinical pharmacist will provide education (which lasts about 15 minutes)
on drug-related problem identified before the visit, reinforce physician’s instruction, and encour-
age drug compliance using written patient educational leaflets. Phone follow follow-up will be con-
ducted 1 month after the pharmacist intervention.”

“For patient randomized to control group, they will attend the medical follow-up as usual and re-
ceive usual care, in which patients would have visit their physicians during the Specialist Out-pa-
tient Clinic (SOPC) and with their medication dispensed in the Out-patient pharmacy as usual. No
pharmacist medication review will be performed, and no pharmacist interview with patients for
the control group”

Outcomes Primary outcome: Medication Appropriateness Index (MAI)

Secondary outcomes:

Change in number of drugs 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, Pamela Youde Nethersole Eastern Hospital, 3Lok Man Road, Chai Wan, HK, Hong Kong

cyh123@ha.org.hk

Notes Intervention phase complete, no results currently published

ACTRN12617000665336  (Continued)

 
 

Study name TEM-EHPAD

Methods Randomised, parallel assignment

Participants Inclusion: aged ≥ 65 years, residing in a nursing home

Exclusion (main): life expectancy < 3 months, with severe dementia

Interventions Intervention: medication review done remotely (telemedicine) undertaken by a hospital-based
multidisciplinary team (clinical pharmacist and geriatrically trained internal medicine specialist)

Correard 2020 
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Control: care as usual

Outcomes Primary outcome: unplanned hospitalisations (6 months)

Main secondary outcomes (3 and 6 months): quality of life; behavioural disturbance; proportion of
residents with at least one PIP; fall rates

Starting date May 2019

Contact information Florian Correard

florian.correard@ap-hm.fr

Notes Trial registry NCT03640845

Correard 2020  (Continued)

 
 

Study name Optimization of drug prescribing in an elderly population of geriatric consultations (OPTIM)

Methods Multicentre, open-label, randomised trial

Participants Quote: “Patients aged 65 and over, patients received for the first time in a geriatric or memory con-
sultation, patients living at home, patients with the ability to express themselves orally or in writ-
ing in French sufficiently to carry out clinical assessments, patients who led the last drugs prescrip-
tion from his referring physician, at the 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: “The intervention group will participate to the optimization program: clinical medication re-
view performed by a pharmacist in cooperation with the clinician. This aim is to identify actual and
potential DRP, to decrease the potential iatrogeny of drug prescription and to improve the drug ad-
herence of the patient. This intervention will be standardized across participating centers through
a “Drug prescription optimization” form. The pharmacist will complete this report form including
the patient data (medical, social, lab results and medication), their synthesis of medication review,
and their PI in order to achieve drug optimization and their counseling/specific strategies in order
to 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 col-
laboration with the clinician (specialist physician), will also identify DRP (including pharmacolog-
ical redundancy, medication overdose, need for a change in dosage form and PIP) taking into ac-
count the specificities of drug management in elderly patients. The DRP will be identified through
a structured approach for each 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 as-
sessed by a set of validated quality indicators including Screening Tool of Older Persons’ poten-
tially inappropriate prescriptions and Screening Tool to Alert doctors to Right Treatment (STOPP-
START) and Beers criteria. The PI are defined as “any action initiated by a pharmacist directly re-
sulting in a change of the patient’s management or therapy’ to the physician” and including addi-
tion of a new 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 and admin-
istration)”

Outcomes Proportion of potential inappropriate medication (from clinical trial page) STOPP/START

The occurrence and the number of all-cause hospitalisations and all-cause emergency department
visits

Dauphinot 2017 
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Quality of life of the patients measured by the 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

Dauphinot 2017  (Continued)

 
 

Study name Reduction of potentially inappropriate medication in the elderly

Methods Randomised trial (cluster)

Participants Patient participants: aged 70 years and older, taking at least 6 different drugs on a regular basis,
life expectancy of at least 6 months (at the discretion of the treating primary care physician), legal
competence, willingness to comply with study arrangements (i.e. assessment in the 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 man-
ual) containing recommendations from the PRISCUS list of potentially inappropriate medications
in the elderly will be provided to general practitioners in the intervention arm. General practition-
ers will also be offered different training opportunities, depending on their needs and require-
ments, to allow them to 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 2020

Contact information Prof. Hans-Joachim Trampsich

Department of Medical Informatics, Biometry and Epidemiology, University of Bochum, Bochum,
Germany

hans.j.trampisch@ruhr-uni-bochum.de

Notes Intervention phase complete, no results currently published

DRKS00003610 

 
 

Study name Supporting Practices in Improving Care for Complex Elderly Patients (SPIDER)

Methods Randomised, parallel assignment

Participants Inclusion (practice): "a) contributes EMR [electronic medical record] data to the repository of a
Practice Based Research Network (PBRN) that participates in CPCSSN; and b) includes a primary
care provider (PCP) who consents to participate and lead the practice [intervention] team"

Greiver 2019 
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Inclusion (HCP):" a) practices comprehensive family medicine in an office setting (academic or non-
academic); and b) consents to participate and allow the research staH to provide study information
to their eligible patients"

Inclusion (patient): "a) 65 years or older; b) has at least one office visit during the past 2 years; and
c) has received ten or more different prescription medications (as indicated in the EMR) in the past
year"

Interventions Intervention: "The SPIDER intervention will include a family physician-led inter-professional prac-
tice team participating in 3-4 Learning Collaboratives over a period of 12 months, reviewing vali-
dated and comparable practice EMR data and working with a QI Coach to develop strategies and
implement changes to improve care for elderly patients living with complex care needs and taking
ten or more unique medications."

Control: usual care (received by all participants)

Outcomes Primary outcome: number of PIPs (12 months)

Secondary outcomes: patient perception of the intervention; HCP perception of the intervention;
cost-utility

Starting date March 2018

Contact information Michelle Greiver (michelle.greiver@nygh.on.ca)

Notes Trial registry NCT03689049

Greiver 2019  (Continued)

 
 

Study name Improving quality of life in nursing home residents: a cluster randomized clinical trial of efficacy
(COSMOS)

Methods Pilot study and multicentre, cluster-randomised effectiveness-implementation clinical hybrid trial
with follow-up

Participants Patient participants: nursing home patients (n = 571) with and without dementia, ≥ 65 years old,
with polypharmacy (≥ 4 drugs) from 67 nursing home units

Interventions Quote: “COmmunication, Systematic assessment and treatment of pain, Medication review, Oc-
cupational therapy, Safety (COSMOS): The intervention group will receive a 2-day education pro-
gram including written guidelines, repeated theoretical and practical training (credited education
of caregivers, physicians and nursing home managers), case discussions and role play. The 1-day
midway evaluation, information and interviews of nursing staH and a telephone hotline all support
the implementation process.

The control group will receive care as usual, during the trial and follow-up period”

Outcomes Quote: “Total medication and use of psychotropic drugs in number and dose will be assessed with
respect to drug-related problems and drug–drug interactions using STOPP and START criteria. Oth-
er measures include quality of life in 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 Medi-
cine, University of Bergen, Kalfarveien 31, N-5020 Bergen, Norway

Husebo 2015 
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elisabeth.flo@uib.no

Notes NCT02238652

Intervention phase complete, no results currently published

Husebo 2015  (Continued)

 
 

Study name Medication optimisation protocol efficacy for geriatric inpatients (MPEG)

Methods Randomised, parallel design

Participants Inclusion: medical inpatients aged ≥ 65 years old, taking 5 or more regularly prescribed medica-
tions, with a predicted hospital stay after admission of at least 1 week

Exclusion: life expectancy < 1 month and inability to take oral medication

Interventions Intervention: medication review, followed by the development of a medication optimisation pro-
posal based on the STOPP/START criteria and a medication optimisation protocol, shared with the
GP and the community pharmacist. A multidisciplinary team will be involved (physician, pharma-
cist, nurse).

Control: all patients will receive medication reconciliation by ward-based pharmacists using data
provided by the medical record handbook, patient/family or a referral letter, as well as usual care
from the attending physicians

Outcomes Primary outcome: composite of all-cause death, unscheduled hospital visits and rehospitalisation
(48 weeks post-randomisation)

Main secondary outcomes (24 and 48 weeks): regular and PIM; long-term care required; health-re-
lated quality of life

Starting date 2019

Contact information Kenya Ie (kenya.ie@marianna-u.ac.jp)

Notes Trial registry: UMIN000035265

Ie 2020 

 
 

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: “In the intervention group, the senior hospital physicians takes part in a teaching session of
two hours duration about how to integrate a structured medication review and specific elements
of communication into the daily discharge routine. The senior physicians are responsible for in-
structing their assistant physicians in patient recruitment and carrying out the correct discharge
procedure.

ISRCTN18427377 
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The assistant physicians critically review their patients’ medication lists, discuss the results of
these reviews and their suggestions with the patients and compile revised medication lists which
they then communicate to the patients’ general practitioners with an invitation for discussion.

The senior hospital physicians in the control group undergo a two hour instruction addressing mul-
timorbidity, 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 (in days) without readmission to hospital

Secondary outcome measures:

Readmission rates

Numbers of drugs at discharge and at 1, 3 and 6 months after discharge; proportions of potential-
ly inappropriate medications (PIMs) at discharge and at 1, 3 and 6 months after discharge are (con-
secutive classification at study centre based on updated Beers criteria, 2012 and PRISCUS list)

Patients’ quality of life at discharge 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

ISRCTN18427377  (Continued)

 
 

Study name The general practice-based pharmacist: supporting medicines management in older adults

Methods Cluster-randomised trial

Participants Inclusion: aged 65 years, with complex polypharmacy (≥ 10 repeat medications)

Interventions Intervention: "The intervention will involve a pharmacist integrating into the GP practice where
they will support prescribing-related activities. The first component of the intervention will be the
medicines optimisation element delivered by targeted patient medication reviews and based on
improving safety and addressing national medicines management priorities and guidelines. There
will be a focus on high risk prescribing, potentially inappropriate prescribing (PIP) and deprescrib-
ing. (...) The second component of the intervention will evaluate the role and impact of a pharma-
cist on care provision within the general practice when integrated into the practice team. This will
involve a pharmacist joining the practice team and engaging in activities to support GPs and oth-
er practice staH such as audit, medication review, educational sessions and a medicines informa-
tion role. Any individual prescribing issues identified will be discussed with the GP. The GP will exer-
cise their own clinical judgement and expertise, and will have the final decision in any medication
changes, in consultation with the patient. Data that will be recorded for the purposes of this study
will be anonymised practice-level data on prescribing, a description of the activities that the phar-
macist undertakes and the length of time undertaken to complete those activities."

Control: care as usual

Outcomes Primary outcome: mean PIPs per patient (baseline, 4 months)

Main secondary outcomes: number of repeat medications; proportion of patients with polyphar-
macy (≥ 10 regular medications); medication changes; health-related quality of life; patient's be-
liefs and attitudes; burden of treatment; engagement with other HCP

ISRCTN18752158 
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Starting date March 2020

Contact information Aisling Croke (aislingcroke@rcsi.ie)

Notes —

ISRCTN18752158  (Continued)

 
 

Study name Pilot testing of a new approach to improving the prescribing of many drugs for older people who
live in their own home and are cared for by general practitioners

Methods Cluster-randomised trial (pilot)

Participants Inclusion: aged ≥ 70 years, receiving ≥ regular medicines

Interventions Intervention: "The existing intervention package consists of two components: (a) an online video
demonstrating how GPs can improve appropriate polypharmacy during typical consultations with
older patients; (b) a patient recall process (appointment with the GP for a medication review).
Rather than introducing new tasks for GPs to perform, the video component seeks to enable GPs
to use available time more efficiently by demonstrating how appropriate polypharmacy can be
prescribed during routine consultations with older patients (‘Modelling or demonstrating of be-
haviour’) and emphasising the potentially positive consequences of performing this behaviour
(‘Salience of consequences’). The intervention seeks to introduce small, but potentially sustainable
changes in GPs’ current clinical practice aimed at improving prescribing for older people."

Control: care as usual

Outcomes Primary outcomes: recruitment; medication appropriateness (12 months)

Secondary outcomes: fidelity and mechanism of action (assessed at end of study); health econom-
ics (assessed at end of study); health-related quality of life (6 and 9 months post-intervention);
medication-related burden (6 and 9 months post-intervention); data to inform sample size calcula-
tion

Starting date September 2019

Contact information Carmel Hughes (c.hughes@qub.ac.uk)

Notes —

ISRCTN41009897 

 
 

Study name Improving medicines use in people who take multiple medicines (IMPPP)

Methods Cluster-randomised trial

Participants Inclusion: persons experiencing potentially problematic polypharmacy in primary care and com-
munity settings, anticipated to be aged ≥ 60 years, taking ≥ 10 medications regularly on prescrip-
tion

Main exclusion: receiving end-of-life care, chaotic medication use

Interventions Intervention: "The IMPPP intervention will be based in general practice, and will involve GPs and
practice pharmacists working together, drawing on the specific skills of each professional sensitive

ISRCTN90146150 
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to the context of each practice. This is a complex intervention and will comprise two key elements:
1. A model for conducting a polypharmacy medication review (including pharmacist-GP collabora-
tion and case finding)
2. Components seeking to enhance professional engagement (education, practice feedback, finan-
cial incentives). An informatics tool integrated into GP clinical systems will help support the med-
ication review element as well as the practice feedback component."

Control: not described

Outcomes Primary outcome: PIM

Main secondary outcomes: quality of life; medication adherence; healthcare service use; patient
and medication safety

Starting date February 2019

Contact information Anna Brroke

Anna.Brooke@bristol.ac.uk

Notes —

ISRCTN90146150  (Continued)

 
 

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: “Inclusion criteria: age ≥70 years, acutely admitted and willing to 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 from other wards during the index stay,
inability to understand Norwegian (patient or next of kin), considered terminally ill or with a short
life expectancy, planned discharged on the inclusion day, occupying a bed in a study ward but un-
der the care of physicians from a non-study ward or if an intervention from a study pharmacist is
considered necessary for ethical reasons (before randomisation or in control group)”

Interventions Quote: “Patients randomised to the intervention group receive the IMM-based intervention includ-
ing: (1) MedRec at admission, (2) medication review and monitoring during the hospital stay, (3) pa-
tient counselling designed to meet the needs of each individual patient, (4) MedRec at discharge to-
gether with an updated and structured medication list given to patients and submitted to prima-
ry care at discharge and (5) a follow-up phone call to the patient’s GP and nurses in home care ser-
vice/nursing home to inform about and discuss current medication therapy and recommendations.
Step 5 is in addition to the original IMM model. The study pharmacist is performing all steps in close
collaboration with the hospital physician who has the medical responsibility for the patients.

Patients assigned to standard care receive treatment from a team 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 Primary outcome:

Rate of ‘acute readmissions and ED visits’ 12 months after discharge

Secondary outcomes:

Change in self-reported HRQoL

Johansen 2018 
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Length of index hospital stay

Change in total score of the Medication Appropriateness Index (MAI) from admission to discharge

Change in potentially inappropriate medications prescribed identified by The Norwegian Gener-
al Practice—Nursing Home criteria (NORGEP-NH), Screening Tool of Older Persons’ Prescriptions
(STOPP) V.2 and Screening Tool to Alert doctors to 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

Johansen 2018  (Continued)

 
 

Study name Optimising PharmacoTherapy In the multimorbid elderly in primary CAre (OPTICA)

Methods Randomised, parallel assignment

Participants Inclusion: aged ≥ 65 years old, attending an eligible GP practice, multimorbidity, polypharmacy

Exclusion: inability to provide informed consent, participation in another interventional study

Interventions Intervention: GPs will perform a STRIPA analysis, which consists of 4 steps: recording diagnosis and
medication; structured drug review with integrated STOPP/START criteria; shared decision-making
between GP and patient; and follow-up through study team

Control: treatment in accordance with standard care

Outcomes Primary outcomes (all 6 and 12 months): medication appropriateness; change in medication ap-
propriateness; medication underutilisation; change in medication underutilisation

Main secondary outcomes (all 6 and 12 months): polypharmacy; overprescribing; underprescribing;
falls and fractures; quality of life; formal and informal care; survival; medical costs

Starting date October 2018

Contact information —

Notes Trial registry NCT03724539

Jungo 2019 

 
 

Study name Pharmacist intervention versus usual care for elderly patients hospitalised in orthopaedic wards

Methods Randomised, parallel assignment

Komagamine 2018 
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Participants Inclusion: aged ≥ 70 years, taking ≥ 5 medications or at least one PIP at hospital admission

Exclusion: elective hospital admission, expected length of stay < 1 week

Interventions Intervention: pharmacist-led intervention with several components, including: 1) medication rec-
onciliation; 2) patient education and monitoring; 3) advice to patient's physician regarding unnec-
essary or inappropriate medications and starting necessary medications; and 4) written summary
information on discharge medication, shared with patients, GPs and community pharmacists

Control: no intervention

Outcomes Primary outcome: hospital readmission rate (12 months)

Secondary outcomes: Emergency Department (ED) visits; all-cause mortality; new fracture; acute
myocardial infarction; ischaemic stroke; number of medications; PIPs; PPOs

Starting date March 2017

Contact information Junpei Komagamine

junpei0919@yahoo.co.jp

Notes Trial registry UMIN000029404

Komagamine 2018  (Continued)

 
 

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 5 or more medications

Interventions Quote: “The intervention will consist of a five-step multidisciplinary team-based deprescribing ap-
proach using a deprescribing guide adapted from the Beers criteria, Screening Tool of Older Peo-
ple's Prescriptions (STOPP) criteria, as well as a review of medication interactions and side effects.
The five-step team-care process consists of reviewing, checking, discussion, communication and
documentation as described in figure 2, initiated by the pharmacists. Each nursing home in the
study is currently served by one to two community-based pharmacists. They have completed or
are currently undertaking their postgraduate studies (Master of Clinical Pharmacy) or Board Cer-
tified Geriatric Pharmacist training. All pharmacists (minimum working experience at aged care
homes of 1 year) will receive a half-day face-to-face training and familiarisation session on the in-
tervention. Our multidisciplinary teamcare approach involves nurses, pharmacists and doctors
and will be implemented during routine doctor and pharmacist nursing home review visits. Phar-
macists will initiate deprescribing in medication review, after discussion with ward nurses on the
feasibility of deprescribing for each appropriate individual patient. The intervention information
filled-up by the pharmacist will be passed on through the ward nurses to the doctor for review dur-
ing doctor's visit. Thereafter, the doctor will make the final decision on drugs that will be depre-
scribed. A copy of the deprescribing reference guide (Beers and STOPP criteria) will be available to
all participating healthcare professionals. The Beers and STOPP criteria are intended as a guide for
educating pharmacists and doctors regarding the different types of interventions that they could
make. For successful deprescribed patients with external institution follow-up, a copy of the de-
prescribing details will be pass as memorandum to the external doctor. Additionally, multidisci-
plinary discussion session may be introduced as part of the nursing home's standard practice at
some sites, but implementation depends on case-by-case availability and agreement of individual
doctor, pharmacist and nurse at each site during routine care. Non-cognitive impaired residents or
next of kins of cognitive-impaired residents may be contacted in decision making of the interven-
tion where feasible.

Kua 2017 
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Control: All participants in the control arm will continue to receive usual care or support that they
usually receive from their healthcare professionals. In participants who were randomised to con-
trol, there is a possibility that some participants will require a review of their medication. These pa-
tients 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

Kua 2017  (Continued)

 
 

Study name Optimizing polypharmacy among elderly hospital patients with chronic diseases

Methods Cluster-randomised trial

Participants Quote: “Patient participants: patients aged 65+ years who take five or more prescribed long-term
drugs and who are likely to spend at least 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 phar-
macist specially trained in communication skills performs a narrative-based medication review.
Apart from detecting potentially inadequate medication, a major aim is to identify patient pref-
erences and to include them - whenever possible - into a list of evidence-based medication rec-
ommendations. 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 pharma-
cist prepares a list of possible drugs to be stopped, which will then be discussed with the hospital
physician in charge and will be submitted for consent to the patients’ General Practitioner. The ac-
tive involvement of patients allows for transparency of the decision-making process and will in-
crease the chance for a sustainable medication optimization

Patients of the control group receive care as usual”

Outcomes Quote: “The independent two main primary outcomes are (1) health-related quality of life (EQ-5D)
and (2) the difference in the number of prescribed long-term pharmaceutical agents between inter-
vention and control group. The secondary outcomes are appropriateness of prescribed medication
(PRISCUS list, Beers Criteria, MAI), patient satisfaction (TSQM), patient empowerment (PEF-FB-9),
patient autonomy (IADL), falls, re-hospitalization, and death”

Starting date November 2013

Contact information Christin Löffler

Institute of General Practice, Rostock University Medical Center, Rostock, German

christin.loeffler@med.uni-rostock.de

Notes ISRCTN42003273

Lo;ler 2014 
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Intervention phase complete, no results currently published
Lo;ler 2014  (Continued)

 
 

Study name Supporting prescribing in older people with multimorbidity and significant polypharmacy in prima-
ry care (SPPiRE)

Methods Cluster-randomised trial

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 a measure of both significant polypharmacy and complex
multimorbidity”

Interventions Quote: “Intervention arm: GPs will receive log in details to access online academic detailing and
will 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 form which
will collect information about any changes made to the medication regime and reasons for process
evaluation. Follow up data will 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 pertain to the individual patient level and are the proportion of pa-
tients with any PIP and the number of 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

McCarthy 2017 

 
 

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 CRR on a weekly basis. The
messages delivered by the CRR will be sent via mail to the specific physicians. Each remark will be
sent on a separate mail in a standardised way. In response to the report, the physician will send a
feedback message within 36 h indicating, in a standardised way, whether: the advice was not fol-
lowed, the advice was followed or the advice was changed. After receiving this feedback, the inves-
tigators will process it in 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 medica-
tion review with a physician and a pharmacist, even though there is a substantial variation [25], For
the centres included in this study there are no dedicated clinical pharmacist working in the nursing
home"

Mestres 2017 
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Outcomes MAI

The proportion of patients with at least one 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

Mestres 2017  (Continued)

 
 

Study name Pharmaceutical care and clinical outcomes for the elderly taking potentially inappropriate medica-
tion: a randomized-controlled trial

Methods Randomised trial

Participants Elderly with chronic disease, 65 to 90 years old, hospitalised

Interventions Quote: “Behavioural: pharmacist intervention. Participants in the intervention group 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 Kong Wo Ho-Su Memorial Hospital, Department of Pharmacy, Taipei 111, Taiwan

Notes Intervention phase complete, no results currently published

NCT00844025 

 
 

Study name Using clinical alerts in a computerized provider order entry system to decrease inappropriate med-
ication prescribing among hospitalized elders

Methods Randomised trial

Participants Patient participants: hospitalised patients over 65 years of age

NCT01034761 
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Interventions Quote: “A series of clinical alerts will be developed in the hospital's computerised provider order
entry system to reduce the use of potentially inappropriate medications among hospitalised older
patients. A synchronous alert (i.e. a 'pop-up') will appear whenever a physician attempts to place
an order for a high-risk medication on the Beers list and the intended recipient is over 65 years of
age. The alert will inform the physician about the risks associated with the medication and will pro-
pose safer alternatives”

Outcomes Primary: percentage of older participants who received a specified high-risk medication from the
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: earli-
er hospital stay or end of study), total cost (time frame: earlier hospital stay or end of study), dis-
charge status (time frame: 6 months)

Starting date April 2013

Contact information Linda Canty, MD, Assistant Clinical Professor of Medicine

Baystate Medical Centre, Springfield, Massachusetts, USA

Notes Intervention phase complete, no results currently published

NCT01034761  (Continued)

 
 

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 patient will then attend an appointment with a pharmacist to review medications ap-
propriate for discontinuation/dose reduction, after which the patient will meet with his/her fam-
ily physician to discuss patient preferences for discontinuation/dose reduction. Both health care
providers will have access to TAPERMD, a web based program linked to evidence and tools to sup-
port reduction in polypharmacy.

Intervention: TAPER - The intervention is medication reduction. This arm is comprised of:

1. Medication reconciliation

2. Identification of patient priorities for care

3. Identification of medications that are potentially

appropriate for discontinuation/dose reduction

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 (shared decision

making)

6. Pause of medication and clinical monitoring

NCT02942927 
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Control: Standard of Care as wait list control. Control group will 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

NCT02942927  (Continued)

 
 

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: “The intervention group will receive in addition to the usual care, it will receive the Clinical
Pharmacist Care during hospitalization, discharge and during 2 months post-discharge, through a
home visit at 30 ± 5 days post-discharge and a telephone call at 60 ± 5 days.

During hospitalization and at discharge a clinical pharmacist (CP) will monitor daily pharmacologi-
cal safety and efficacy of the medication to asses and make appropriate recommendations. CP will
explain the use reasons of each of the drugs.

At 30 days post-discharge, the CP will review the updated clinical record of patient and conduct a
home visit to enhance and ask about adherence, self-medication, medication use at that time and
possible results of laboratory tests performed and clarify doubts regarding the use of current med-
ications. The same activities will be made at 60 days by telephonic way, to reinforce the recom-
mendations”

Outcomes Incidence of potentially inappropriate medication (Beers criteria and 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

NCT03156348 
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Notes Intervention phase ongoing

NCT03156348  (Continued)

 
 

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 institutional-
ized”

Interventions Quote: "Intervention Group "STOPP/START": Training of General Practitioners with the tool STOPP/
START Systematic medication review by GP with STOPP/START

Control group: Patient's usual care by the general practitioner (who will 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 prescription

Starting date August 2017

Contact information Dr. Akim Souag

akim.souag@aphp.fr

Notes Intervention phase ongoing

NCT03298386 

 
 

Study name BIMEDOC

Methods Randomised, parallel assignment

Participants Inclusion: aged ≥ 65 years suffering from long-term illness or aged ≥ 75 years, living at home, taking
≥ 6 medications for > 6 months

Exclusion (main): no allocated GP, receiving medication review in the past 12 months

Interventions Intervention: medication therapy management, which consists of a pharmacist-led medication re-
view aimed at detecting PIP. It includes: a pharmacist-led interview with the patient; an evaluation
of the prescriptions; detailed feedback to the GP; an appointment with the patient to explain the
modifications made by the GP

Control: usual pharmaceutical care

Outcomes Primary outcome: hospitalisations (12 months)

Main secondary outcomes (between baseline and 12 months; measured at different time points):
number of PIP; number of medications per patient; compliance; quality of life; differential cost ra-
tio

NCT03909035 
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Starting date June 2019

Contact information Cécile McCambridge

mccambridge.c@chu-toulouse.fr

Notes —

NCT03909035  (Continued)

 
 

Study name EQUIPPED

Methods Randomised, parallel assignment

Participants Inclusion: providers at eligible healthcare facilities

Interventions Intervention: "Enhancing Quality of Prescribing Practices for Older Adults Discharged from the
Emergency Department (EQUIPPED is a multi-component program to reduce the prescribing
of potentially inappropriate medications (PIMs) to older adults upon discharge from the Emer-
gency Department (ED). It has three core components: 1) provider education, 2) Electronic Health
Record (EHR)-based clinical decision support (CDS) including pharmacy quick order sets to facili-
tate provider order entry, and 3) provider audit and feedback with peer benchmarking. The active
feedback group will receive one-to-one (1:1) in-person academic detailing from a professional col-
league that includes in-person audit, feedback, and peer benchmarking and provide on-site exper-
tise."

Active control: "Enhancing Quality of Prescribing Practices for Older Adults Discharged from the
Emergency Department (EQUIPPED is a multi-component program to reduce the prescribing
of potentially inappropriate medications (PIMs) to older adults upon discharge from the Emer-
gency Department (ED). It has three core components: 1) provider education, 2) Electronic Health
Record (EHR)-based clinical decision support (CDS) including pharmacy quick order sets to facil-
itate provider order entry, and 3) provider audit and feedback with peer benchmarking. The pas-
sive feedback group will receive monthly provider feedback via an electronic dashboard with audit,
feedback and peer benchmarking."

Outcomes Primary outcome: percentage of PIMs prescribed (12 months post-intervention)

Secondary outcomes: behavioural change; intervention micro-costing

Starting date October 2019

Contact information Elizabeth C Vaughan

Elizabeth.Vaughan2@va.gov

Notes —

NCT04004936 

 
 

Study name TaIPE Study (TaIPE)

Methods Randomised, parallel assignment

Participants Aged ≥ 65 years, who met the admission criteria of the acute care for elders (ACE) unit

NCT04028583 
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Interventions Intervention (Quote): "In the PIM-Check group, a medication review will be conducted using PIM-
Check within 72 hours of patient's admittance to the unit. The physician will decide whether to ac-
cept these recommendations or not and implement prescribing changes if agreed."

Active comparator (Quote): "In the STOPP/START group, medication lists will be analyzed within
72 hours of patient's admittance and optimized according to STOPP/START criteria. The second
physician will decide whether to accept these recommendations or not and implement prescribing
changes if agreed."

Outcomes Primary outcome: rate of PIPs reduction in the PIM-Check group compared to STOPP/START (18
months)

Secondary outcomes (all 18 months unless otherwise indicated): number and type of PIPs detected
by each tool; rate of acceptability; number of treatment (mean and median) modification by clin-
icians; number of drugs at discharge; incidence rate of falls; activities of daily living (ADL) score;
Confusion Assessment Method (CAM); length of stay; number of unplanned readmissions (up to 3
months after discharge); association between the number and type of PIPs at discharge with rate of
re-admission (up to 3 months after discharge)

Starting date 26 February 2018

Contact information Chantal Csajka

chantal.csajka@chuv.ch

Notes —

NCT04028583  (Continued)

 
 

Study name E-CARE Study

Methods Stepped wedge randomised controlled trial

Participants Inclusion criteria: residents of eligible long-term care facilities, aged ≥ 65 years, taking a potentially
inappropriate medication

Exclusion criteria: language barrier or cognitive impairment

Interventions Intervention: healthcare professionals (HCP) will have access to MedSafer, an application program-
ming interface with individualised and personalised deprescribing opportunities. Patients will re-
ceive an educational brochure (EMPOWER).

Control: HCP will not have access to MedSafer and will provide care as per usual protocol in each
facility.

Outcomes Primary outcome: proportion of patients with one or more PIM (potentially inappropriate medica-
tion) reduced or stopped (30 days)

Secondary outcome: sustainability; quality of life; sleep quality; falls; transfer to acute hospital; hip
fractures; delirium (30 days after each intervention cycle)

Starting date 1 January 2021

Contact information Emily McDonald

emily.mcdonald@mcgill.ca

NCT04087109 
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Notes —

NCT04087109  (Continued)

 
 

Study name MultiPAP Plus

Methods Randomised, parallel assignment

Participants Inclusion: aged 65 to 74 years with multimorbidity (≥ 3 chronic diseases) and polypharmacy (≥ 5
drugs taken for at least 3 months)

Exclusion: institutionalised, life expectancy < 12 months

Interventions Intervention: 3 main components: training of GPs; patient-centred clinical interview; clinical-deci-
sion support system to help structured treatment plan review

Control: usual clinical care based on current clinical practice guidelines

Outcomes Primary outcome: hospitalisation and/or mortality (18 months)

Main secondary outcomes: hospitalisation and/or mortality (12 months); therapeutic adherence
questionnaire (6, 12, 18 months); medication appropriateness (6, 12, 18 months); use of health ser-
vices (12, 18 months); disability (12, 18 months), quality of life (12, 18 months)

Starting date February 2020

Contact information Alexandra Prados Torres

Notes —

NCT04147130 

 
 

Study name PolyPrime

Methods Randomised, parallel assignment (pilot)

Participants Inclusion: aged ≥ 70 years, receiving ≥ 4 regular medications

Exclusion: cognitively impaired, terminal illness, institutionalised

Interventions Intervention: the intervention consists of an online video demonstration of how GPs can improve
polypharmacy with their patients, after which the GPs will conduct medication reviews with their
patients with the goal of optimising their medication

Control: care as usual

Outcomes Primary outcomes: participation and retention; medication appropriateness

Main secondary outcomes: video counts; appointments scheduled; number of medication reviews
attended; length of medication reviews; healthcare resource use; costs; health-related quality of
life

Starting date September 2019

Contact information Camel Hughes

NCT04181879 
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c.hughes@qub.ac.uk

Notes —

NCT04181879  (Continued)

 
 

Study name IMPETUS

Methods Randomised, parallel assignment

Participants Residents of eligible care homes, aged ≥ 65 years, with a permanent residence indication (> 6
months until the end of life), receiving or wishing to receive geriatric-palliative based care

Interventions Intervention (quote): "The Advance Care Planning (ACP+) intervention is a working method, aimed
to stimulate prescribing practice based on the multidisciplinary guideline “Polypharmacy in the el-
derly”. Physicians, pharmacists and nursing staH will be trained in the intervention.
The ACP+ working method consists of a combination of a structured multidisciplinary medication
review (SMMR) and an ACP discussion. Firstly, experiences questions and wishes of the patient in
regards to his/her medication will be explored. Secondly, the physician and pharmacist conduct an
SMMR. During this SMMR, the appropriateness of a patient’s medication is reviewed on the basis of
key elements from the guideline “polypharmacy in the elderly”, medication appropriateness indi-
cators, and the geriatric-palliative algoritm.
The recommendations from this SMMR are then discussed with the patient and/or representatives
in an ACP discussion.
This SMMR and ACP working method will be repeated every six months ( between T0 and T1, be-
tween T1 and T2, and between T2 and T3), three times for each patient during the study."

Control: care as usual

Outcomes Primary outcome: change in prescription of preventive/chronic medication (3 months)

Secondary outcomes (all 3 months unless otherwise indicated): quality of life; social wellbeing;
pain; frequency of falls; hospitalisations; deaths (any cause; any time point); appropriateness of
medication prescription

Starting date Not reported

Contact information C.A.M. Pouw

c.pouw@vumc.nl

Notes —

NTR6644 

 
 

Study name Improving prescription in primary care patients with multimorbidity and polypharmacy (Multi-PAP)

Methods Randomised clinical trial (cluster)

Participants Age 65 to 74 years, multimorbidity, defined as ≥ 3 chronic diseases, polypharmacy, defined as ≥ 5
drugs prescribed over at least the 3 months prior to inclusion in the study

Interventions Quote: “Intervention group: A complex intervention with two phases is conducted:

Prados-Torres 2017 
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First phase: FP training. This will consist of a previously designed training activity, delivered using
the massive online open courses (MOOC) format, including basic concepts relating to multimorbid-
ity, appropriateness of prescribing, treatment adherence, the Ariadne principles, and physician-pa-
tient 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 provi-
sion of advice and information and will undergo examinations as recommended in the CPGs corre-
sponding to each of the patient’s chronic diseases”

Outcomes Medication appropriateness index (MAI)

Use of health services: unplanned and/or avoidable hospitalisations, use of emergency services
and PC (FP and nurse)

Quality of life: measured using the EuroQol 5D-5L questionnaire

Medication safety: measured as the incidence of adverse drug reactions and potentially hazardous
interactions

Treatment adherence: measured using the Morisky-Green test and the Haynes-Sackett question-
naire

Starting date November 2016

Contact information Alexandra Prados-Torres

sprados.iacs@aragon.es

Notes NCT02866799

Intervention phase ongoing

Prados-Torres 2017  (Continued)

 
 

Study name Use of web-based application to improve prescribing in home-living elderly

Methods Randomised trial

Participants Patient participants: chronically ill elderly people, older than 65 years who live at home and regu-
larly receive at least one drug

Interventions Quote: “Participants' data will be entered into a web-based application and screened for poten-
tially inappropriate prescribing using STOPP and START criteria. Identified potentially inappropri-
ate prescriptions will be presented to participants' physicians for consideration and change. Physi-
cians of participants in the control group will not be informed about potentially inappropriate pre-
scriptions”

Outcomes Quote: “Quality of life index (EQ-5D); quality of prescribing–the presence of inappropriate prescrib-
ing 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 ingredi-
ents 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 to
the emergency room or the emergency physician’s home visits in the previous year; number of vis-
its to the GP in the year concerned; number of inappropriate prescriptions according to the START/
STOPP criteria; and number of interactions between the prescribed medications marked 'major'”

Selic 2016 
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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: Selic et al. (2016). The Effects of a Web Application and Medical Monitoring on the Quality
of Medication, Adverse Drug Events and Adherence in the Elderly Living at Home: a Protocol of the
Study. Materia Socio-Medica, 28(6), 432-436

Intervention phase complete, no results currently published

Selic 2016  (Continued)

ADEs: adverse drug events
ADR: adverse drug reactions
CRR: Clinical Rule Reporter
CQC: Care Quality Commission
ED: emergency department
GP: general practitioner
FP: family physician
HCP: healthcare professionals
HRQoL: health-related quality of life
IADL: Instrumental Activities of Daily Living
MAI: Medication Appropriateness Index
MMAS-4: Morisky Medication Adherence Scale
PC: primary care
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
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Comparison 1.   Postintervention analysis

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Medication appropriateness (as mea-
sured by an implicit tool)

8 947 Mean Difference (IV, Ran-
dom, 95% CI)

-5.66 [-9.26,
-2.06]

1.2 Medication appropriateness (as mea-
sured by an implicit tool) (excluding Crot-
ty 2004a)

7 876 Mean Difference (IV, Ran-
dom, 95% CI)

-5.97 [-10.08,
-1.85]

1.3 Number of potentially inappropriate
medications

9 2404 Std. Mean Difference (IV,
Random, 95% CI)

-0.19 [-0.34,
-0.05]

1.4 Proportion of patients with one or
more potentially inappropriate medica-
tion

13 4534 Risk Ratio (M-H, Random,
95% CI)

0.81 [0.68, 0.98]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.5 Number of potential prescribing omis-
sions

3 691 Std. Mean Difference (IV,
Random, 95% CI)

-0.48 [-1.05, 0.09]

1.6 Proportion of patients with one or
more potential prescribing omission

7 2765 Risk Ratio (M-H, Random,
95% CI)

0.50 [0.27, 0.91]

 
 

Analysis 1.1.   Comparison 1: Postintervention analysis, Outcome
1: Medication appropriateness (as measured by an implicit tool)

Study or Subgroup

Bucci 2003 (1)
Crotty 2004a
Crotty 2004b
Muth 2016
Romskaug 2020
Shim 2018 (2)
Spinewine 2007
Syafhan 2021 (3)

Total (95% CI)
Heterogeneity: Tau² = 25.49; Chi² = 204.32, df = 7 (P < 0.00001); I² = 97%
Test for overall effect: Z = 3.08 (P = 0.002)
Test for subgroup differences: Not applicable

Intervention
Mean

-0.74
-4.1
-0.7
0.7

-7.2
8

-17
-2.4

SD

2.42
5.76
5.28
5.45

7.2
4.3

15.68
4.8

Total

38
32
44
46
80
73
96
63

472

Usual care
Mean

-0.49
-0.41
2.86
-0.2
-0.4

20
1.98

0

SD

1.82
2.63

10.36
5.17

4.9
7.3

13.21
4

Total

41
39
44
47
75
79
90
60

475

Weight

13.1%
12.6%
11.8%
12.6%
12.8%
12.8%
11.3%
12.9%

100.0%

Mean Difference
IV, Random, 95% CI

-0.25 [-1.20 , 0.70]
-3.69 [-5.85 , -1.53]
-3.56 [-7.00 , -0.12]

0.90 [-1.26 , 3.06]
-6.80 [-8.73 , -4.87]

-12.00 [-13.89 , -10.11]
-18.98 [-23.14 , -14.82]

-2.40 [-3.96 , -0.84]

-5.66 [-9.26 , -2.06]

Mean Difference
IV, Random, 95% CI

-20 -10 0 10 20
Favours intervention Favours usual care

Risk of Bias
A

+
+
+
?
+
+
?
+

B

?
+
+
?
+
?
−
?

C

?
?
?
?
−
−
−
−

D

+
?
+
+
+
+
−
?

E

+
+
+
+
−
+
+
−

F

+
+
?
+
+
+
−
−

G

−
+
−
?
+
?
−
?

Footnotes
(1) For all studies: with the Medication Appropriateness Index, lower scores are better.
(2) For Shim et al, we used the follow-up median and calculated the standard deviation from the range using the formula range/6 (Hozo et al 2005, BMC Medical Research Methodology).
(3) For Syafhan et al, the difference from baseline to follow-up is presented. The study scored MAI among a random sample of one-third of the study population.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Protection against contamination
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Analysis 1.2.   Comparison 1: Postintervention analysis, Outcome 2: Medication
appropriateness (as measured by an implicit tool) (excluding Crotty 2004a)

Study or Subgroup

Bucci 2003 (1)
Crotty 2004b
Muth 2016
Romskaug 2020
Shim 2018
Spinewine 2007
Syafhan 2021

Total (95% CI)
Heterogeneity: Tau² = 29.22; Chi² = 204.11, df = 6 (P < 0.00001); I² = 97%
Test for overall effect: Z = 2.84 (P = 0.004)
Test for subgroup differences: Not applicable

Intervention
Mean

-0.74
-0.7
0.7

-7.2
8

-17
-2.4

SD

2.42
5.28
5.45

7.2
4.3

15.68
4.8

Total

38
44
46
80
73
96
63

440

Usual care
Mean

-0.49
2.86
-0.2
-0.4

20
1.98

0

SD

1.82
10.36

5.17
4.9
7.3

13.21
4

Total

41
44
47
75
79
90
60

436

Weight

14.9%
13.6%
14.5%
14.6%
14.6%
13.1%
14.7%

100.0%

Mean Difference
IV, Random, 95% CI

-0.25 [-1.20 , 0.70]
-3.56 [-7.00 , -0.12]

0.90 [-1.26 , 3.06]
-6.80 [-8.73 , -4.87]

-12.00 [-13.89 , -10.11]
-18.98 [-23.14 , -14.82]

-2.40 [-3.96 , -0.84]

-5.97 [-10.08 , -1.85]

Mean Difference
IV, Random, 95% CI

-100 -50 0 50 100
Favours intervention Favours usual care

Risk of Bias
A

+
+
?
+
+
?
+

B

?
+
?
+
?
−
?

C

?
?
?
−
−
−
−

D

+
+
+
+
+
−
?

E

+
+
+
−
+
+
−

F

+
?
+
+
+
−
−

G

−
−
?
+
?
−
?

Footnotes
(1) For all studies: with the Medication Appropriateness Index, lower scores are better.

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Protection against contamination

 
 

Analysis 1.3.   Comparison 1: Postintervention analysis,
Outcome 3: Number of potentially inappropriate medications

Study or Subgroup

Auvinen 2021
Bladh 2011
Clyne 2015
Coronado-Vazquez 2019
Garcia-Gollarte 2014
Koberlein-Neu 2016
Pitkala 2014
Schmader 2004
Spinewine 2007

Total (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 24.25, df = 8 (P = 0.002); I² = 67%
Test for overall effect: Z = 2.63 (P = 0.009)
Test for subgroup differences: Not applicable

Intervention
Mean

0.47
0.16
0.61
0.11
0.81
0.32
0.29
0.2

0.03

SD

0.81
0.49
0.7
0.4

1.13
0.26
0.53
0.5

0.17

Total

230
164
95
57

211
59
93

202
96

1207

Usual care
Mean

0.73
0.15
1.03
0.05
1.29
0.39
0.27
0.4

0.04

SD

0.91
0.43
0.8
0.2

1.56
0.3

0.47
0.6

0.21

Total

220
181
91
65

173
83
96

198
90

1197

Weight

13.4%
12.6%
10.1%
8.4%

12.9%
9.0%

10.3%
13.0%
10.3%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.30 [-0.49 , -0.12]
0.02 [-0.19 , 0.23]

-0.56 [-0.85 , -0.26]
0.19 [-0.16 , 0.55]

-0.36 [-0.56 , -0.15]
-0.25 [-0.58 , 0.09]
0.04 [-0.25 , 0.33]

-0.36 [-0.56 , -0.16]
-0.05 [-0.34 , 0.24]

-0.19 [-0.34 , -0.05]

Std. Mean Difference
IV, Random, 95% CI

-1 -0.5 0 0.5 1
Favours intervention Favours usual care

Risk of Bias
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−
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−
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?
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Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Protection against contamination
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Analysis 1.4.   Comparison 1: Postintervention analysis, Outcome 4:
Proportion of patients with one or more potentially inappropriate medication

Study or Subgroup

Blum 2021
Boersma 2019
Clyne 2015
Dalleur 2014
Franchi 2016
Frankenthal 2014
Fried 2017
Gallagher 2011
Garcia-Gollarte 2014
Haag 2016
Milos 2013
Spinewine 2007
Thyrian 2017

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.08; Chi² = 73.08, df = 12 (P < 0.00001); I² = 84%
Test for overall effect: Z = 2.21 (P = 0.03)
Test for subgroup differences: Not applicable

Intervention
Events

275
50
51
30

155
42
19
22
92
6

49
3

77

871

Total

645
62
95
74

347
126
64

180
211
11

171
96

291

2373

Usual care
Events

293
53
74
31

137
61
7

90
106

9
57
4

19

941

Total

692
56
91
72

350
126
32

178
173

11
174
90

116

2161

Weight

10.7%
10.6%
9.8%
7.6%

10.2%
8.6%
3.9%
7.1%

10.0%
5.1%
8.4%
1.4%
6.7%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.01 [0.89 , 1.14]
0.85 [0.74 , 0.98]
0.66 [0.53 , 0.82]
0.94 [0.64 , 1.38]
1.14 [0.96 , 1.36]
0.69 [0.51 , 0.93]
1.36 [0.64 , 2.89]
0.24 [0.16 , 0.37]
0.71 [0.59 , 0.86]
0.67 [0.36 , 1.22]
0.87 [0.64 , 1.20]
0.70 [0.16 , 3.06]
1.62 [1.03 , 2.54]

0.81 [0.68 , 0.98]

Risk Ratio
M-H, Random, 95% CI

0.2 0.5 1 2 5
Favours intervention Favours usual care

Risk of Bias
A

?
+
+
?
?
?
?
+
+
+
+
?
+

B

+
?
+
?
?
+
?
+
?
+
+
−
?

C

−
−
−
?
−
−
?
−
+
−
?
−
−

D

+
−
+
+
+
+
?
+
?
+
?
−
−

E

+
−
+
?
+
+
?
+
?
+
+
+
+

F

+
+
+
?
+
+
+
+
+
+
+
−
−

G

+
+
+
?
?
?
?
?
?
−
?
−
+

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Protection against contamination

 
 

Analysis 1.5.   Comparison 1: Postintervention analysis, Outcome 5: Number of potential prescribing omissions

Study or Subgroup

Coronado-Vazquez 2019
Garcia-Gollarte 2014
Spinewine 2007

Total (95% CI)
Heterogeneity: Tau² = 0.23; Chi² = 24.30, df = 2 (P < 0.00001); I² = 92%
Test for overall effect: Z = 1.65 (P = 0.10)
Test for subgroup differences: Not applicable

Intervention
Mean

0.19
0.13
0.17

SD

0.44
0.44
0.43

Total

57
183
96

336

Usual care
Mean

0.12
0.85
0.63

SD

0.37
1.08
0.81

Total

65
200
90

355

Weight

32.0%
34.8%
33.2%

100.0%

Std. Mean Difference
IV, Random, 95% CI

0.17 [-0.18 , 0.53]
-0.86 [-1.07 , -0.65]
-0.71 [-1.01 , -0.42]

-0.48 [-1.05 , 0.09]

Std. Mean Difference
IV, Random, 95% CI

-2 -1 0 1 2
Favours intervention Favours usual care

Risk of Bias
A

?
+
?

B

?
?
−

C

−
+
−

D

?
?
−

E

−
?
+

F

+
+
−

G

+
?
−

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Protection against contamination
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Analysis 1.6.   Comparison 1: Postintervention analysis, Outcome 6:
Proportion of patients with one or more potential prescribing omission

Study or Subgroup

Blum 2021
Boersma 2019
Frankenthal 2014
Gallagher 2011
Garcia-Gollarte 2014
Haag 2016
Spinewine 2007

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.58; Chi² = 124.32, df = 6 (P < 0.00001); I² = 95%
Test for overall effect: Z = 2.29 (P = 0.02)
Test for subgroup differences: Not applicable

Intervention
Events

452
28
33
6

25
7

14

565

Total

645
62

126
180
245

11
96

1365

Usual care
Events

495
36
43
47

117
5

40

783

Total

692
56

126
178
247

11
90

1400

Weight

15.9%
15.2%
15.0%
12.2%
14.9%
12.5%
14.2%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.98 [0.91 , 1.05]
0.70 [0.50 , 0.98]
0.77 [0.52 , 1.12]
0.13 [0.06 , 0.29]
0.22 [0.15 , 0.32]
1.40 [0.64 , 3.07]
0.33 [0.19 , 0.56]

0.50 [0.27 , 0.91]

Risk Ratio
M-H, Random, 95% CI

0.05 0.2 1 5 20
Favours intervention Favours usual care

Risk of Bias
A

?
+
?
+
+
+
?

B

+
?
+
+
?
+
−

C

−
−
−
−
+
−
−

D

+
−
+
+
?
+
−

E

+
−
+
+
?
+
+

F

+
+
+
+
+
+
−

G

+
+
?
?
?
−
−

Risk of bias legend
(A) Random sequence generation (selection bias)
(B) Allocation concealment (selection bias)
(C) Blinding of participants and personnel (performance bias)
(D) Blinding of outcome assessment (detection bias)
(E) Incomplete outcome data (attrition bias)
(F) Selective reporting (reporting bias)
(G) Protection against contamination

 

 

A D D I T I O N A L   T A B L E S
 

To assess the appropriateness of the drug, please answer the following questions and circle the applicable score.

1 2 31. Is there an indication for the drug?

Comments: Indicated   Not indicated

  9
DK

1 2 32. Is the medication effective for the condi-
tion?

Comments:
Effective   Ineffective

  9

DK

1 2 33. Is the dosage correct?

Comments: Correct   Incorrect

  9

DK

1 2 34. Are the directions correct?

Comments: Correct   Incorrect

  9

DK

1 2 35. Are the directions practical?

Comments: Practical   Impractical

  9

DK

1 2 36. Are there clinically significant drug-drug
interactions?

Comments:
Insignificant   Significant

  9

DK

Table 1.   Medication Appropriateness Index 
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1 2 37. Are there clinically significant drug-dis-
ease/condition interactions?

Comments:
Insignificant   Significant

  9

DK

1 2 38. Is there unnecessary duplication with oth-
er drug(s)?

Comments:
Necessary   Unnecessary

  9

DK

1 2 39. Is the duration of therapy acceptable?
Comments:

Acceptable   Unacceptable

  9

DK

1 2 310. Is this drug the least expensive alterna-
tive compared with others of equal utility?

Comments:
Least expen-
sive

  Most expen-
sive

  9

DK

Table 1.   Medication Appropriateness Index  (Continued)

DK: don't know
 
 

Drug Concern Severity rating

(high or low)

Propoxyphene (Darvon) and combina-
tion products

(Darvon with ASA, Darvon-N and Dar-
vocet-N)

Offers few analgesic advantages over paracetamol (aceta-
minophen), yet is associated with the adverse effects of other
narcotic drugs

Low

Indomethacin (Indocin and Indocin SR) Of all available NSAIDs, this drug produces the most CNS ad-
verse effects

High

Pentazocine (Talwin) Narcotic analgesic that causes more CNS adverse effects, in-
cluding confusion and hallucinations, more commonly than
other narcotic drugs. Additionally, it is a mixed agonist and an-
tagonist

High

Trimethobenzamide (Tigan) One of the least effective antiemetic drugs, yet it can cause ex-
trapyramidal adverse effects

High

Muscle relaxants and antispas-
modics: methocarbamol (Robaxin),
carisoprodol (Soma), chlorzoxazone
(Paraflex), metaxalone (Skelaxin),
cyclobenzaprine (Flexeril) and oxy-
butynin (Ditropan). Do not consider
the extended-release formulation of
Ditropan XL

Most muscle relaxants and antispasmodic drugs are poorly tol-
erated by elderly patients because they cause anticholinergic
adverse effects, sedation and weakness. Additionally, their ef-
fectiveness at doses tolerated by elderly patients is question-
able

High

Flurazepam (Dalmane) This benzodiazepine hypnotic has an extremely long half-life
in elderly patients (often days), producing prolonged sedation

High

Table 2.   Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: independent of
diagnosis or condition 
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and increasing the incidence of falls and fracture. Medium- or
short-acting benzodiazepines are preferable

Amitriptyline (Elavil), chlordiazepox-
ide-amitriptyline (Limbitrol) and per-
phenazine-amitriptyline (Triavil)

Because of its strong anticholinergic and sedation properties,
amitriptyline is rarely the antidepressant of choice for elderly
patients

High

Doxepin (Sinequan) Because of its strong anticholinergic and sedating properties,
doxepin is rarely the antidepressant of choice for elderly pa-
tients

High

Meprobamate (Miltown and Equanil) This is a highly addictive and sedating anxiolytic. Those using

meprobamate for prolonged periods may become addicted
and may need to be withdrawn slowly

High

Doses of short-acting benzodiazepines:
doses greater than lorazepam (Ativan)
3 mg; oxazepam (Serax) 60 mg; iprazo-
lam (Xanax) 2 mg; temazepam (Resto-
ril) 15 mg and triazolam (Halcion) 0.25
mg

Because of increased sensitivity to benzodiazepines in elderly
patients, smaller doses may be effective and safer. Total daily
doses should rarely exceed the suggested maximum

High

Long-acting benzodiazepines: chlor-
diazepoxide (Librium), chlordiazepox-
ide-amitriptyline (Limbitrol), clidini-
um-chlordiazepoxide (Librax), di-
azepam (Valium), quazepam (Do-
ral), halazepam (Paxipam) and chlo-
razepate (Tranxene)

These drugs have a long half-life in elderly patients (often sev-
eral days), producing prolonged sedation and increasing the
risk of falls and fractures. Short- and intermediate-acting ben-
zodiazepines are preferred if a benzodiazepine is required

High

Disopyramide (Norpace and Norpace
CR)

Of all antiarrhythmic drugs, this is the most potent negative
inotrope and therefore may induce heart failure in elderly pa-
tients. It also has strong anticholinergic effects. Other antiar-
rhythmic drugs should be used as well

High

Digoxin (Lanoxin) (should not exceed
0.125 mg/d except when treating atrial
arrhythmias)

Decreased renal clearance may lead to increased risk of toxic
effects

Low

Short-acting dipyridamole (Persan-
tine). Do not consider the long-acting
dipyridamole (which has better prop-
erties than the short-acting formula-
tion in older adults) except with pa-
tients with artificial heart valves

May cause orthostatic hypotension Low

Methyldopa (Aldomet) and methyl-
dopa-hydrochlorothiazide (Aldoril)

May cause bradycardia and exacerbate depression in elderly
patients

High

Reserpine at doses > 0.25 mg May induce depression, impotence, sedation and orthostatic
hypotension

Low

Chlorpropamide (Diabinese) It has a prolonged half-life in elderly patients and could cause
prolonged hypoglycaemia. Additionally, it is the only oral hypo-
glycaemic agent that causes SIADH

High

Table 2.   Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: independent of
diagnosis or condition  (Continued)
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GI antispasmodic drugs: dicyclomine
(Bentyl), hyoscyamine (Levsin and
Levsinex), propantheline (Pro-Ban-
thine), belladonna alkaloids (Donna-
tal and others) and clidinium-chlor-
diazepoxide (Librax)

GI antispasmodic drugs have potent anticholinergic effects and
have uncertain effectiveness. These drugs should be avoided
(especially for long-term use)

High

Anticholinergics and antihistamines:
chlorpheniramine (Chlor-Trimeton),
diphenhydramine (Benadryl), hydrox-
yzine (Vistaril and Atarax), cyprohepta-
dine (Periactin), promethazine (Phen-
ergan), tripelennamine, dexchlor-
pheniramine (Polaramine)

All non-prescription and many prescription antihistamines may
have potent anticholinergic properties. Non-anticholinergic an-
tihistamines are preferred in elderly patients for the treatment
of allergic reactions

High

Diphenhydramine (Benadryl) May cause confusion and sedation. Should not be used as a
hypnotic, and when used to treat emergency allergic reactions,
it should be used in the smallest possible dose

High

Ergot mesyloids (Hydergine) and cy-
clandelate (Cyclospasmol)

Have not been shown to be effective in the doses studied Low

Ferrous sulphate > 325 mg/d Doses > 325 mg/d do not dramatically increase the amount ab-
sorbed but greatly increase the incidence of constipation

Low

All barbiturates (except phenobarbital)
except when used to control seizures

Are highly addictive and cause more adverse effects than most
sedative or hypnotic drugs in elderly patients

High

Meperidine (Demerol) Not an effective oral analgesic in doses commonly used. May
cause confusion and has many disadvantages compared with
other narcotic drugs

High

Ticlopidine (Ticlid) Has been shown to be no better than aspirin in preventing clot-
ting and may be considerably more toxic. Safer, more effective
alternatives exist

High

Ketorolac (Toradol) Immediate and long-term use should be avoided in older peo-
ple, as a significant number have asymptomatic GI pathological
conditions

High

Amphetamines and anorexic agents These drugs have the potential to cause dependence, hyperten-
sion, angina and myocardial infarction

High

Long-term use of full-dosage, longer
half-life, non–COX-selective NSAIDs:
naproxen (Naprosyn, Avaprox and
Aleve), oxaprozin (Daypro) and piroxi-
cam (Feldene)

Have the potential to produce GI bleeding, renal failure, hyper-
tension and heart failure

High

Daily fluoxetine (Prozac) Long half-life of drug and risk of producing excessive CNS stim-
ulation, sleep disturbances and increasing agitation. Safer al-
ternatives are available

High

Long-term use of stimulant laxatives:
bisacodyl (Dulcolax), cascara sagrada
and Neoloid except in the presence of
opiate analgesic use

May exacerbate bowel dysfunction High

Table 2.   Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: independent of
diagnosis or condition  (Continued)
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Amiodarone (Cordarone) Associated with QT interval problems and risk of provoking tor-
sades de pointes. Lack of efficacy in older adults

High

Orphenadrine (Norflex) Causes greater sedation and anticholinergic adverse effects
than safer alternatives

High

Guanethidine (Ismelin) May cause orthostatic hypotension. Safer alternatives are avail-
able

High

Guanadrel (Hylorel) May cause orthostatic hypotension High

Cyclandelate (Cyclospasmol) Lack of efficacy Low

Isoxsurpine (Vasodilan) Lack of efficacy Low

Nitrofurantoin (Macrodantin) Potential for renal impairment. Safer alternatives are available High

Doxazosin (Cardura) Potential for hypotension, dry mouth and urinary problems Low

Methyltestosterone (Android, Virilon
and Testrad)

Potential for prostatic hyperplasia and cardiac problems High

Thioridazine (Mellaril) Greater potential for CNS and extrapyramidal adverse effects High

Mesoridazine (Serentil) CNS and extrapyramidal adverse effects High

Short-acting nifedipine (Procardia and
Adalat)

Potential for hypotension and constipation High

Clonidine (Catapres) Potential for orthostatic hypotension and CNS adverse effects Low

Mineral oil Potential for aspiration and adverse effects. Safer alternatives
are available

High

Cimetidine (Tagamet) CNS adverse effects including confusion Low

Ethacrynic acid (Edecrin) Potential for hypertension and fluid imbalances. Safer alterna-
tives are available

Low

Desiccated thyroid Concerns about cardiac effects. Safer alternatives are available High

Amphetamines (excluding
methylphenidate hydrochloride and
anorexic agents)

CNS stimulant adverse effects High

Oestrogens only (oral) Evidence of the carcinogenic (breast and endometrial cancer)
potential of these agents and lack of cardioprotective effects in
older women

Low

Table 2.   Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: independent of
diagnosis or condition  (Continued)

Source: Fick 2003.
CNS: central nervous system; COX: cyclo-oxygenase; CR: controlled release; GI: gastrointestinal; NSAID: non-steroidal anti-inflammatory
drug; SIADH: syndrome of inappropriate antidiuretic hormone hypersecretion; SR: slow release.
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Disease or condi-
tion

Drug Concern Severity rating

(high or low)

Heart failure Disopyramide (Norpace) and high-sodium-content
drugs (sodium and sodium salts (alginate bicarbonate,
biphosphate, citrate, phosphate, salicylate and sul-
phate))

Negative inotropic effect.
Potential to promote fluid
retention and exacerbation
of heart failure

High

Hypertension Phenylpropanolamine hydrochloride (removed from
the market in 2001), pseudoephedrine; diet pills and
amphetamines

May produce elevation of
blood pressure secondary
to sympathomimetic activi-
ty

High

Gastric or duodenal

ulcers

NSAIDs and aspirin (> 325 mg) (COXIBs excluded) May exacerbate existing ul-
cers or produce new/addi-
tional ulcers

High

Seizures or epilepsy Clozapine (Clozaril), chlorpromazine (Thorazine), thior-
idazine (Mellaril) and thiothixene (Navane)

May lower seizure thresh-
olds

High

Blood clotting dis-
orders or receiving
anticoagulant ther-
apy

Aspirin, NSAIDs, dipyridamole (Persantin), ticlopidine
(Ticlid) and clopidogrel (Plavix)

May prolong clotting time
and elevate INR values or
inhibit platelet aggregation,
resulting in increased po-
tential for bleeding

High

Bladder outflow

obstruction

Anticholinergics and antihistamines, gastrointesti-
nal antispasmodics, muscle relaxants, oxybutynin
(Ditropan), flavoxate (Urispas), anticholinergics, antide-
pressants, decongestants and tolterodine (Detrol)

May decrease urinary flow,
leading to urinary

retention

High

Stress incontinence α-Blockers (doxazosin, prazosin and terazosin), anti-
cholinergics, tricyclic antidepressants (imipramine hy-
drochloride, doxepin hydrochloride and amitriptyline
hydrochloride) and long-acting benzodiazepines

May produce polyuria and
worsening of incontinence

High

Arrhythmias Tricyclic antidepressants (imipramine hydrochloride,
doxepin hydrochloride and amitriptyline hydrochlo-
ride)

Concern due to proar-
rhythmic effects and abil-
ity to produce QT interval
changes

High

Insomnia Decongestants, theophylline (Theodur),
methylphenidate (Ritalin), MAOIs and amphetamines

Concern due to CNS stimu-
lant effects

High

Parkinson's disease Metoclopramide (Reglan), conventional antipsychotics
and tacrine (Cognex)

Concern due to their anti-
dopaminergic/cholinergic
effects

High

Cognitive impair-
ment

Barbiturates, anticholinergics, antispasmodics and
muscle relaxants. CNS stimulants: dextroamphetamine
(Adderall), methylphenidate (Ritalin), methampheta-
mine (Desoxyn) and pemolin

Concern due to CNS-alter-
ing effects

High

Depression Long-term benzodiazepine use. Sympatholytic agents:
methyldopa (Aldomet), reserpine and guanethidine (Is-
melin)

May produce or exacerbate
depression

High

Table 3.   Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: considering
diagnoses or conditions 
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Anorexia and

malnutrition

CNS stimulants: dextroamphetamine (Adderall),
methylphenidate (Ritalin), methamphetamine (Des-
oxyn), pemolin and fluoxetine (Prozac)

Concern due to ap-
petite-suppressing effects

High

Syncope or falls Short- to intermediate-acting benzodiazepine and tri-
cyclic antidepressants (imipramine hydrochloride, dox-
epin hydrochloride and amitriptyline hydrochloride)

May produce ataxia, im-
paired psychomotor func-
tion, syncope and addition-
al falls

High

SIADH/hypona-
traemia

SSRIs: fluoxetine (Prozac), citalopram (Celexa), fluvox-
amine (Luvox), paroxetine (Paxil) and sertraline (ZoloQ)

May exacerbate or cause
SIADH

Low

Seizure disorder Bupropion (Wellbutrin) May lower seizure threshold High

Obesity Olanzapine (Zyprexa) May stimulate appetite and
increase weight gain

Low

COPD Long-acting benzodiazepines: chlordiazepoxide (Lib-
rium), chlordiazepoxide-amitriptyline (Limbitrol), cli-
dinium-chlordiazepoxide (Librax), diazepam (Valium),
quazepam (Doral), halazepam (Paxipam) and chlo-
razepate (Tranxene). β-Blockers: propranolol

CNS adverse effects. May
induce respiratory depres-
sion. May exacerbate or
cause respiratory depres-
sion

High

Chronic constipa-
tion

Calcium channel blockers, anticholinergics and tri-
cyclic antidepressants (imipramine hydrochloride, dox-
epin hydrochloride and amitriptyline hydrochloride)

May exacerbate constipa-
tion

Low

Table 3.   Updated Beers (2003) criteria for potentially inappropriate medication use in older adults: considering
diagnoses or conditions  (Continued)

Source: Fick 2003.
COPD: chronic obstructive pulmonary disease; COXIB: cyclo-oxygenase inhibitor; INR: international normalised ratio; MAOI: monoamine
oxidase inhibitor; NSAID: non-steroidal anti-inflammatory drug; SIADH: syndrome of inappropriate antidiuretic hormone secretion; SSRIs:
selective serotonin reuptake inhibitors.
 
 

Organ System or
Therapeutic Catego-
ry or Drug

Rationale Recommenda-
tion

Quality of Evi-
dence

Strength of Rec-
ommendation

Anticholinergics (excludes TCAs)

First-generation an-
tihistamines (as sin-
gle agent or as part
of combination prod-
ucts)

Brompheniramine

Carbinoxamine

Chlorpheniramine

Clemastine

Cyproheptadine

Dexbrompheniramine

Highly anticholinergic; clearance reduced
with advanced age, and tolerance develops
when used as hypnotic; greater risk of confu-
sion, dry mouth, constipation and other anti-
cholinergic effects and toxicity

Use of diphenhydramine in special situations
such as short-term treatment of severe aller-
gic reaction may be appropriate

Avoid Hydroxyzine and
promethazine:
high; all others:
moderate

Strong

Table 4.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults: independent
of diagnosis or condition 
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Dexchlorpheniramine

Diphenhydramine
(oral)

Doxylamine

Hydroxyzine

Promethazine

Triprolidine

Antiparkinson agents

Benztropine (oral)

Trihexyphenidyl

Not recommended for prevention of ex-
trapyramidal symptoms with antipsychotics;
more effective agents available for treatment
of Parkinson's disease

Avoid Moderate Strong

Antispasmodics

Belladonna alkaloids

Clidinium-chlor-
diazepoxide

Dicyclomine

Hyoscyamine

Propantheline

Scopolamine

Highly anticholinergic, uncertain effective-
ness

Avoid except in
short-term pal-
liative care to de-
crease oral se-
cretions

Moderate Strong

Antithrombotics

Dipyridamole, oral
short-acting* (does
not apply to extend-
ed-release combina-
tion with aspirin)

May cause orthostatic hypotension; more ef-
fective alternatives available; intravenous
form acceptable for use in cardiac stress test-
ing

Avoid Moderate Strong

Ticlopidine* Safer effective alternatives available Avoid Moderate Strong

Anti-infective

Nitrofurantoin Potential for pulmonary toxicity; safer alter-
natives available; lack of efficacy in patients
with CrCl < 60 mL/min due to inadequate
drug concentration in the urine

Avoid for long-
term suppres-
sion; avoid in pa-
tients with CrCl <
60 mL/min

Moderate Strong

Cardiovascular

Alpha1-blockers

Doxazosin

Prazosin

Terazosin

High risk of orthostatic hypotension; not rec-
ommended as routine treatment for hyper-
tension; alternative agents have superior risk/
benefit profile

Avoid use as an
antihypertensive

Moderate Strong

Table 4.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults: independent
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Alpha-agonists, cen-
tral

Clonidine

Guanabenz*

Guanfacine*

Methyldopa*

Reserpine (> 0.1 mg/
d)*

High risk of adverse CNS effects; may cause
bradycardia and orthostatic hypotension; not
recommended as routine treatment for hy-
pertension

Avoid clonidine
as a first-line an-
tihypertensive

Avoid others as
listed

Low Strong

Antiarrhythmic drugs
(Class Ia, Ic, III)

Amiodarone

Dofetilide

Dronedarone

Flecainide

Ibutilide

Procainamide

Propafenone

Quinidine

Sotalol

Data suggest that rate control yields better
balance of benefits and harms than rhythm
control for most older adults

Amiodarone is associated with multiple toxi-
cities, including thyroid disease, pulmonary
disorders and QT interval prolongation

Avoid antiar-
rhythmic drugs
as first-line treat-
ment of atrial fib-
rillation

High Strong

Disopyramide* Disopyramide is a potent negative inotrope
and therefore may induce heart failure in old-
er adults; strongly anticholinergic; other an-
tiarrhythmic drugs preferred

Avoid Low Strong

Dronedarone Worse outcomes have been reported in pa-
tients taking dronedarone who have perma-
nent atrial fibrillation or heart failure. In gen-
eral, rate control is preferred over rhythm
control for atrial fibrillation

Avoid in patients
with permanent
atrial fibrillation
or heart failure

Moderate Strong

Digoxin > 0.125 mg/d In heart failure, higher dosages are associated
with no additional benefit and may increase
risk of toxicity; slow renal clearance may lead
to risk of toxic effects

Avoid Moderate Strong

Nifedipine, immediate
release*

Potential for hypotension; risk of precipitat-
ing myocardial ischaemia

Avoid High Strong

Spironolactone > 25
mg/d

In heart failure, the risk of hyperkalaemia is
higher in older adults, especially if taking >
25 mg/d or taking concomitant NSAID, an-
giotensin-converting enzyme inhibitor, an-
giotensin receptor blocker or potassium sup-
plement

Avoid in patients
with heart failure
or with a CrCl <
30 mL/min

Moderate Strong
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Central nervous system

Tertiary TCAs, alone or
in combination:

Amitriptyline

Chlordiazepox-
ide-amitriptyline

Clomipramine

Doxepin > 6 mg/d

Imipramine

Per-
phenazine-amitripty-
line

Trimipramine

Highly anticholinergic, sedating and causing
orthostatic hypotension; safety profile of low-
dose doxepin (≤ 6 mg/d) is comparable with
that of placebo

Avoid High Strong

Antipsychotics, first
(conventional) and
second (atypical) gen-
eration (see AGS 2012
for full list)

Increased risk of cerebrovascular accident
(stroke) and mortality in persons with demen-
tia

Avoid use for be-
havioural prob-
lems of dementia
unless non-phar-
macological op-
tions have failed
and patient is
threat to self or
others

Moderate Strong

Thioridazine

Mesoridazine

Highly anticholinergic and risk of QT interval
prolongation

Avoid Moderate Strong

Barbiturates

Amobarbital*

Butabarbital*

Butalbital

Mephobarbital*

Pentobarbital*

Phenobarbital

Secobarbital*

High rate of physical dependence; tolerance
to sleep benefits; risk of overdose at low
dosages

Avoid High Strong

Benzodiazepines

Short- and intermedi-
ate-acting:

Alprazolam

Estazolam

Lorazepam

Older adults have increased sensitivity to
benzodiazepines and slower metabolism of
long-acting agents. In general, all benzodi-
azepines increase risk of cognitive impair-
ment, delirium, falls, fractures and motor ve-
hicle accidents in older adults

May be appropriate for seizure disorders,
rapid eye movement sleep disorders, benzo-
diazepine withdrawal, ethanol withdrawal,

Avoid benzodi-
azepines (any
type) for treat-
ment of insom-
nia, agitation or
delirium

High Strong
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Oxazepam

Temazepam

Triazolam

Long-acting:

Clorazepate

Chlordiazepoxide

Chlordiazepox-
ide-amitriptyline

Clidinium-chlor-
diazepoxide

Clonazepam

Diazepam

Flurazepam

Quazepam

severe generalised anxiety disorder, peripro-
cedural anaesthesia and end-of-life care

Chloral hydrate* Tolerance occurs within 10 days, and risks
outweigh benefits in light of overdose with
doses only 3 times the recommended dose

Avoid Low Strong

Meprobamate High rate of physical dependence; very sedat-
ing

Avoid Moderate Strong

Non-benzodiazepine
hypnotics

Eszopiclone

Zolpidem

Zaleplon

Benzodiazepine-receptor agonists that have
adverse events similar to those of benzodi-
azepines in older adults (e.g. delirium, falls,
fractures); minimal improvement in sleep la-
tency and duration

Avoid long-term
use (> 90 days)

Moderate Strong

Ergot mesylates*

Isoxsuprine*

Lack of efficacy Avoid High Strong

Endocrine

Androgens

Methyltestosterone*

Testosterone

Potential for cardiac problems and con-
traindicated in men with prostate cancer

Avoid unless in-
dicated for mod-
erate to severe
hypogonadism

Moderate Weak

Desiccated thyroid Concerns about cardiac effects; safer alterna-
tives available

Avoid Low Strong

Oestrogens with or
without progestins

Evidence of carcinogenic potential (breast
and endometrium); lack of cardioprotec-
tive effect and cognitive protection in older
women

Avoid oral and
topical patch

Topical vaginal
cream: accept-

Oral and patch:
high

Topical: moder-
ate

Oral and patch:
strong

Topical: weak

Table 4.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults: independent
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Evidence that vaginal oestrogens for treat-
ment of vaginal dryness are safe and effective
in women with breast cancer, especially at
dosages of estradiol < 25 μg twice weekly

able to use low-
dose intravagi-
nal oestrogen for
the management
of dyspareunia,
lower urinary
tract infection
and other vagi-
nal symptoms

Growth hormone Effect on body composition is small and is as-
sociated with oedema, arthralgia, carpal tun-
nel syndrome, gynaecomastia, impaired fast-
ing glucose

Avoid, except
as hormone re-
placement after
pituitary gland
removal

High Strong

Insulin, sliding scale Higher risk of hypoglycaemia without im-
provement in hyperglycaemia management
regardless of care setting

Avoid Moderate Strong

Megestrol Minimal effect on weight; increases risk of
thrombotic events and possibly death in old-
er adults

Avoid Moderate Strong

Sulphonylureas, long
duration

Chlorpropamide

Glyburide

Chlorpropamide: prolonged half-life in older
adults; can cause prolonged hypoglycaemia;
causes syndrome of inappropriate antidiuret-
ic hormone secretion.

Glyburide: greater risk of severe prolonged
hypoglycaemia in older adults

Avoid High Strong

Gastrointestinal

Metoclopramide Can cause extrapyramidal effects including
tardive dyskinesia; risk may be even greater in
frail older adults

Avoid, unless for
gastroparesis

Moderate Strong

Mineral oil, oral Potential for aspiration and adverse effects;
safer alternatives available

Avoid Moderate Strong

Trimethobenzamide One of the least effective antiemetic drugs;
can cause extrapyramidal adverse effects

Avoid Moderate Strong

Pain

Meperidine Not an effective oral analgesic in dosages
commonly used; may cause neurotoxicity;
safer alternatives available

Avoid High Strong

Non–COX-selective
NSAIDs, oral

Aspirin > 325 mg/d

Diclofenac

Diflunisal

Increase risk of GI bleeding and peptic ulcer
disease in high-risk groups, including those
aged > 75 or taking oral or parenteral corti-
costeroids, anticoagulants or antiplatelet
agents. Use of proton pump inhibitor or miso-
prostol reduces but does not eliminate risk.
Upper GI ulcers, gross bleeding or perforation
caused by NSAIDs occurs in approximately

Avoid long-term
use unless other
alternatives are
not effective and
patient can take
gastroprotective
agent (proton

Moderate Strong

Table 4.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults: independent
of diagnosis or condition  (Continued)

Interventions to improve the appropriate use of polypharmacy for older people (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

157



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Etodolac

Fenoprofen

Ibuprofen

Ketoprofen

Meclofenamate

Mefenamic acid

Meloxicam

Nabumetone

Naproxen

Oxaprozin

Piroxicam

Sulindac

Tolmetin

1% of patients treated for 3 to 6 months and
in approximately 2% to 4% of patients treated
for 1 year. These trends continue with longer
duration of use

pump inhibitor
or misoprostol)

Indomethacin

Ketorolac, includes
parenteral

Increase risk of GI bleeding and peptic ulcer
disease in high-risk groups (see above Non–
COX-selective NSAIDs)

Of all the NSAIDs, indomethacin has the most
adverse effects

Avoid Indomethacin:
moderate

Ketorolac: high

Strong

Pentazocine* Opioid analgesic that causes CNS adverse ef-
fects, including confusion and hallucinations,
more commonly than other narcotic drugs;
also a mixed agonist and antagonist; safer al-
ternatives available

Avoid Low Strong

Skeletal muscle relax-
ants

Carisoprodol

Chlorzoxazone

Cyclobenzaprine

Metaxalone

Methocarbamol

Orphenadrine

Most muscle relaxants are poorly tolerated
by older adults because of anticholinergic ad-
verse effects, sedation, risk of fracture; effec-
tiveness at dosages tolerated by older adults
is questionable

Avoid Moderate Strong

Source: AGS 2012.
CNS: central nervous system; COX: cyclo-oxygenase; CrCl: creatinine clearance; GI: gastrointestinal; NSAID: non-steroidal anti-inflam-
matory drug; TCA: tricyclic antidepressant.

*Infrequently used drugs.

Table 4.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults: independent
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Disease or
syndrome

Drug Rationale Recommen-
dation

Quality of ev-
idence

Strength of
recommen-
dation

Cardiovascular

Heart failure NSAIDs and COX-2 inhibitors

Non-dihydropyridine CCBs (avoid
only for systolic heart failure)

Diltiazem

Verapamil

Pioglitazone, rosiglitazone

Cilostazol

Dronedarone

Potential to promote flu-
id retention and exacer-
bate heart failure

Avoid NSAIDs: mod-
erate

CCBs: moder-
ate

Thiazolidine-
diones (glita-
zones): high

Cilostazol: low

Dronedarone:
moderate

Strong

Syncope AChEIs

Peripheral alpha-blockers

Doxazosin

Prazosin

Terazosin

Tertiary TCAs

Chlorpromazine, thioridazine and
olanzapine

Increase risk of orthosta-
tic hypotension or brady-
cardia

Avoid Alpha-block-
ers:

high

TCAs, AChEIs
and antipsy-
chotics: mod-
erate

AChEIs and
TCAs: strong

Alpha-block-
ers and an-
tipsychotics:
weak

Central nervous system

Chronic
seizures or
epilepsy

Bupropion

Chlorpromazine

Clozapine

Maprotiline

Olanzapine

Thioridazine

Thiothixene

Tramadol

Lower seizure thresh-
old; may be acceptable
in patients with well-con-
trolled seizures in whom
alternative agents have
not been effective

Avoid Moderate Strong

Delirium All TCAs

Anticholinergics (see AGS 2012
for full list)

Benzodiazepines

Chlorpromazine

Avoid in older adults with
or at high risk of deliri-
um because of inducing
or worsening delirium
in older adults; if discon-
tinued drugs used long-
term, taper to avoid with-
drawal symptoms

Avoid Moderate Strong

Table 5.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults due to drug–
disease or drug–syndrome interactions that may exacerbate the disease or syndrome 

Interventions to improve the appropriate use of polypharmacy for older people (Review)

Copyright © 2023 The Cochrane Collaboration. Published by John Wiley & Sons, Ltd.

159



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Corticosteroids

H2-receptor antagonist

Meperidine

Sedative-hypnotics

Thioridazine

Dementia and
cognitive im-
pairment

Anticholinergics (see AGS 2012
for full list)

Benzodiazepines

H2-receptor antagonists

Zolpidem

Antipsychotics, long-term and as-
needed use

Avoid because of adverse
CNS effects

Avoid antipsychotics for
behavioural problems
of dementia unless non-
pharmacological op-
tions have failed and pa-
tient is a threat to him-
self or others. Antipsy-
chotics are associated
with increased risk of
cerebrovascular accident
(stroke) and mortality in
persons with dementia

Avoid High Strong

History of falls
or fractures

Anticonvulsants

Antipsychotics

Benzodiazepines

Non-benzodiazepine hypnotics

Eszopiclone

Zaleplon

Zolpidem

TCAs and selective serotonin re-
uptake inhibitors

Ability to produce atax-
ia, impaired psychomo-
tor function, syncope
and additional falls;
shorter-acting benzodi-
azepines are not safer
than long-acting ones

Avoid unless
safer alter-
natives are
not available;
avoid anti-
convulsants
except for
seizure disor-
ders

High Strong

Insomnia Oral decongestants

Pseudoephedrine

Phenylephrine

Stimulants

Amphetamine

Methylphenidate

Pemoline

Theobromines

Theophylline

Caffeine

CNS stimulant effects Avoid Moderate Strong

Table 5.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults due to drug–
disease or drug–syndrome interactions that may exacerbate the disease or syndrome  (Continued)
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Parkinson's
disease

All antipsychotics (see AGS 2012
for full list, except for quetiapine
and clozapine)

Antiemetics

Metoclopramide

Prochlorperazine

Promethazine

Dopamine receptor an-
tagonists with potential
to worsen parkinsonian
symptoms

Quetiapine and clozap-
ine appear to be less like-
ly to precipitate worsen-
ing of Parkinson's dis-
ease

Avoid Moderate Strong

Gastrointestinal

Chronic con-
stipation

Oral antimuscarinics for urinary
incontinence

Darifenacin

Fesoterodine

Oxybutynin (oral)

Solifenacin

Tolterodine

Trospium

Non-dihydropyridine CCB

Diltiazem

Verapamil

First-generation antihistamines
as single agent or part of combi-
nation products

Brompheniramine (various)

Carbinoxamine

Chlorpheniramine

Clemastine (various)

Cyproheptadine

Dexbrompheniramine

Dexchlorpheniramine (various)

Diphenhydramine

Doxylamine

Hydroxyzine

Promethazine

Triprolidine

Can worsen constipation;
agents for urinary incon-
tinence: Antimuscarinics
overall differ in incidence
of constipation; response
variable; consider alter-
native agent if constipa-
tion develops

Avoid unless
no other alter-
natives

For urinary in-
continence:
high

All others:
moderate to
low

Weak

Table 5.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults due to drug–
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Anticholinergics and antispas-
modics (see AGS 2012 for full list
of drugs with strong anticholiner-
gic properties)

Antipsychotics

Belladonna alkaloids

Clidinium-chlordiazepoxide

Dicyclomine

Hyoscyamine

Propantheline

Scopolamine

Tertiary TCAs (amitripty-
line, clomipramine, doxepin,
imipramine and trimipramine)

History of gas-
tric or duode-
nal ulcers

Aspirin (> 325 mg/d)

Non–COX-2–selective NSAIDs

May exacerbate existing
ulcers or cause new or
additional ulcers

Avoid unless
other alter-
natives are
not effective
and patient
can take gas-
troprotective
agent (pro-
ton pump
inhibitor or
misoprostol)

Moderate Strong

Kidney and urinary tract

Chronic kid-
ney disease
Stages IV and
V

NSAIDs

Triamterene (alone or in combi-
nation)

May increase risk of kid-
ney injury

Avoid NSAIDs: mod-
erate

Triamterene:
low

NSAIDs:
strong

Triamterene:
weak

Urinary in-
continence
(all types) in
women

Oestrogen oral and transdermal
(excludes intravaginal oestrogen)

Aggravate incontinence Avoid in
women

High Strong

Lower urinary
tract symp-
toms, benign
prostatic hy-
perplasia

Inhaled anticholinergic agents

Strongly anticholinergic drugs,
except antimuscarinics for uri-
nary incontinence (see AGS 2012
for complete list)

May decrease urinary
flow and cause urinary
retention

Avoid in men Moderate Inhaled
agents: strong

All others:
weak

Stress or
mixed urinary
incontinence

Alpha-blockers

Doxazosin

Prazosin

Aggravate incontinence Avoid in
women

Moderate Strong

Table 5.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults due to drug–
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Terazosin

Source: AGS 2012.
CCB: calcium channel blocker; AChEI: acetylcholinesterase inhibitor; CNS: central nervous system; COX: cyclo-oxygenase; NSAID: non-
steroidal anti-inflammatory drug; TCA: tricyclic antidepressant.

Table 5.   Updated Beers (2012) criteria for potentially inappropriate medication usage in older adults due to drug–
disease or drug–syndrome interactions that may exacerbate the disease or syndrome  (Continued)

 
 

Drug Rationale Recommenda-
tion

Quality of evi-
dence

Strength of rec-
ommendation

Aspirin for primary
prevention of cardiac
events

Lack of evidence of benefit versus risk in indi-
viduals aged ≥ 80

Use with caution
in adults aged ≥
80

Low Weak

Dabigatran Greater risk of bleeding than with warfarin in
adults aged ≥ 75; lack of evidence of efficacy
and safety in individuals with CrCl < 30 mL/
min

Use with caution
in adults aged ≥
75 or if CrCl < 30
mL/min

Moderate Weak

Prasugrel Greater risk of bleeding in older adults; risk
may be offset by benefit in highest-risk older
adults (e.g. with prior myocardial infarction or
diabetes mellitus)

Use with caution
in adults aged ≥
75

Moderate Weak

Antipsychotics

Carbamazepine

Carboplatin

Cisplatin

Mirtazapine

Serotonin–norepi-
nephrine reuptake in-
hibitor

Selective serotonin re-
uptake inhibitor

Tricyclic antidepres-
sants

Vincristine

May exacerbate or cause syndrome of inap-
propriate antidiuretic hormone secretion or
hyponatraemia; need to monitor sodium level
closely when starting or changing dosages in
older adults because of increased risk

Use with caution Moderate Strong

Vasodilators May exacerbate episodes of syncope in indi-
viduals with history of syncope

     

Source: AGS 2012.
CrCl = creatinine clearance.

Table 6.   Updated Beers (2012) criteria for potentially inappropriate medications to be used with caution in older
adults 
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A P P E N D I C E S

Appendix 1. Acronyms

ACOVE: Assessing Care of Vulnerable Elderly

ADE: adverse drug event

AOU: Assessment of Underutilization of Medication

CDS: computerised decision support

DDI: drug-drug interaction

GP: general practitioner

MAI: Medication Appropriateness Index

MRQoL: medication-related quality of life

PIM: potentially inappropriate medicine

PIP: potentially inappropriate prescribing

PPO: potential prescribing omission

QoL: quality of life

START: Screening Tool to Alert doctors to the Right Treatment

STOPP: Screening Tool of Older Person’s Prescriptions

Appendix 2. Tools used to define appropriate medications

The tools used by studies in this review include the following:

The Medication Appropriateness Index (MAI): the MAI was designed to assist physicians and pharmacists in assessing the appropriateness
of a medication for a given patient. The MAI requires clinicians to rate 10 explicit criteria to determine whether a given medication is
appropriate for an individual. For each criterion, the index has operational definitions, explicit instructions and examples, and the evaluator
rates whether the particular medication is "appropriate," "marginally appropriate" or "inappropriate" (Table 1).

The Beers criteria: these are consensus explicit criteria used to enhance safe medication use in older adults when precise clinical
information is lacking (see Table 2; Table 3; Table 4; Table 5; Table 6). The Beers criteria are based on expert consensus developed through
an extensive literature review with a bibliography and a questionnaire evaluated by nationally recognised experts in geriatric care, clinical
pharmacology and psychopharmacology using a modified Delphi technique to reach consensus. The most recent version of Beers criteria
(AGS 2012) comprises three lists. The first list comprises 34 individual medications or classes of medications that should be avoided in
older adults and their concerns (Table 4). The second list includes 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 caution in 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.

STOPP/START criteria: this is a comprehensive tool that enables a doctor to review an older patient's prescription medications in the
context of his or her diagnoses (Gallagher 2008). A panel of 18 experts completed two rounds of a Delphi consensus technique to form the
content validity of the criteria. STOPP consists of 65 clinically important criteria for potentially inappropriate prescribing, while START is
made up of 22 evidence-based prescribing indicators for common diseases in older people.

SFINX/PHARAO databases: measure two classes of drug-drug interactions (SFINX database). These are that interactions can be handled
and interactions should be avoided. Pharao concerns medication-related risk load and has two classes – moderate risk of adverse events
and high risk.

RENBASE: focuses on the risk of drug-induced impairment of renal function, and includes two classes: that modification is needed and
should be avoided (RENBASE).

Meds75+ database: focuses on potentially inappropriate medications (Meds75+). Its purpose is to support pharmacotherapy decision-
making in people aged over 75 years and to improve medication safety. The database has recommendations and recommendations for
almost 500 drugs or their combinations.
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The PRISCUS List: a list of potentially inappropriate medications developed for specific use in Germany (The Priscus List).

Appendix 3. Search strategies 2021

MEDLINE (Ovid)

Epub Ahead of Print, In-Process & Other Non-Indexed Citations, Ovid MEDLINE Daily and Ovid MEDLINE 1946 to 13 January, 2021

Search date: 13 January 2021

 

1 polypharmacy/ 5187

2 inappropriate prescribing/ 3512

3 potentially inappropriate medication list/ 543

4 deprescriptions/ 525

5 medication errors/ 13403

6 polypharma*.ti,ab. 8732

7 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab. 768

8 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab. 27

9 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab. 95

10 (stopp criter* or stopp list?).ti,ab. 184

11 ((concomitant* or concurrent* or inappropriat* or appropriat* or suboptim*
or sub-optim* or unnecessary or incorrect* or excess* or multip* or inadvert*
or discontinu*) adj1 (medicine? or medicat* or prescrib* or prescription* or
drug*)).ti,ab.

31087

12 ((over adj1 (prescrib* or prescript*)) or (over-prescrib* or overprescrib*) or ("or
more" adj (medication* or prescrib* or prescript*))).ti,ab.

3008

13 ((under adj1 prescrib*) or underprescrib* or under-prescrib*).ti,ab. 602

14 (deprescrib* or deprescript*).ti,ab. 828

15 "medication appropriateness index*".ti,ab. 140

16 (quality adj2 (prescribing or prescription* or medication*)).ti,ab. 1561

17 (improv* adj2 (prescrib* or pharmaco* or prescription*)).ti,ab. 7970

18 (prescrib* adj cascade*).ti,ab. 62

19 ("assessing care of vulnerable elders" or acove).ti,ab. 92

20 ((multi-drug* or multidrug*) adj2 (prescrib* or prescription* or regimen? or
therap* or treatment?)).ti,ab.

5265

21 or/1-20 71228
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22 exp aged/ 3187162

23 geriatrics/ 30233

24 (elder* or geriatric*).ti,ab. 297175

25 ((old* or aged) adj (person* or adult* or people or patient* or inpatient* or out-
patient*)).ti,ab.

208333

26 aged care.ti,ab. 2884

27 veterans/ 17451

28 veteran*.ti,ab. 37184

29 or/22-28 3390148

30 21 and 29 19771

31 exp *polypharmacy/ 2671

32 31 and 29 1877

33 exp randomized controlled trial/ 521501

34 controlled clinical trial.pt. 94008

35 randomi#ed.ti,ab. 654064

36 placebo.ab. 214533

37 drug therapy.fs. 2267421

38 randomly.ti,ab. 350242

39 trial.ab. 536963

40 groups.ab. 2143873

41 or/33-40 4921187

42 Clinical Trials as topic.sh. 194197

43 trial.ti. 233231

44 or/33-36,38,42-43 1388249

45 exp animals/ not humans/ 4775258

46 44 not 45 1280754

47 32 or (30 and 46) 4270

48 (2018* or 2019* or 202*).dc,dp,ed,ep,yr. 4862752

49 47 and 48 1271
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Embase (Ovid)

Embase 1974 to 2021 January 13

Search date: 13 January 2021

 

1 polypharmacy/ 17649

2 inappropriate prescribing/ 4549

3 medication error/ 18546

4 polypharma*.ti,ab. 14559

5 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab. 1393

6 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab. 38

7 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab. 145

8 (stopp criter* or stopp list?).ti,ab. 435

9 ((concomitant* or concurrent* or inappropriat* or appropriat* or suboptim*
or sub-optim* or unnecessary or incorrect* or excess* or multip* or inadvert*
or discontinu*) adj1 (medicine? or medicat* or prescrib* or prescription* or
drug*)).ti,ab.

50843

10 ((over adj1 (prescrib* or prescript*)) or (over-prescrib* or overprescrib*) or ("or
more" adj (medication* or prescrib* or prescript*))).ti,ab.

4942

11 ((under adj1 prescrib*) or underprescrib* or under-prescrib*).ti,ab. 925

12 (deprescrib* or deprescript*).ti,ab. 1310

13 "medication appropriateness index*".ti,ab. 225

14 (quality adj2 (prescribing or prescription* or medication*)).ti,ab. 2598

15 (improv* adj2 (prescrib* or pharmaco* or prescription*)).ti,ab. 11789

16 (prescrib* adj cascade*).ti,ab. 102

17 ("assessing care of vulnerable elders" or acove).ti,ab. 152

18 ((multi-drug* or multidrug*) adj2 (prescrib* or prescription* or regimen? or
therap* or treatment?)).ti,ab.

6875

19 or/1-18 112374

20 aged/ 3080471

21 frail elderly/ 10469

22 very elderly/ 216042
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23 aged hospital patient/ 974

24 veteran/ 26984

25 exp geriatrics/ 38070

26 (elder* or geriatric*).ti,ab. 424162

27 ((old* or aged) adj (person* or adult* or people or patient* or inpatient* or out-
patient*)).ti,ab.

281330

28 aged care.ti,ab. 3257

29 veteran*.ti,ab. 48874

30 or/20-29 3355755

31 *polypharmacy/ 4415

32 30 and 31 2499

33 19 and 30 28021

34 random*.ti,ab. 1625467

35 factorial*.ti,ab. 40193

36 (crossover* or cross over*).ti,ab. 111054

37 ((doubl* or singl*) adj blind*).ti,ab. 241736

38 (assign* or allocat* or volunteer* or placebo*).ti,ab. 1084483

39 crossover procedure/ 65901

40 single blind procedure/ 41553

41 randomized controlled trial/ 641556

42 double blind procedure/ 180691

43 or/34-42 2448047

44 exp animal/ not human/ 4906061

45 43 not 44 2205514

46 32 or (33 and 45) 5979

47 limit 46 to yr="2018 -Current" 1764

48 limit 47 to embase 1059
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Search date: 13 January 2021

 

#1 [mh polypharmacy] 222

#2 [mh "inappropriate prescribing"] 149

#3 [mh "potentially inappropriate medication list"] 20

#4 [mh deprescriptions] 28

#5 [mh "medication errors"] 431

#6 polypharma*:ti,ab 801

#7 ((beer* or shan* or mcleod*) near/3 criter*):ti,ab 71

#8 ("fit for the aged" near/3 (criter* or list* or instrument or classif*)):ti,ab 3

#9 ((forta or rasp or priscus) near/3 (criter* or list* or instrument)):ti,ab 26

#10 (stopp criter* or stopp list*):ti,ab 106

#11 ((concomitant* or concurrent* or inappropriat* or appropriat* or suboptim*
or sub-optim* or unnecessary or incorrect* or excess* or multip* or inadvert*
or discontinu*) near/1 (medicine* or medicat* or prescrib* or prescription* or
drug*)):ti,ab

6256

#12 ((over near/1 (prescrib* or prescript*)) or (over-prescrib* or overprescrib*) or
("or more" near/1 (medication* or prescrib* or prescript*))):ti,ab

387

#13 ((under near/1 prescrib*) or underprescrib* or under-prescrib*):ti,ab 68

#14 (deprescrib* or deprescript*):ti,ab 153

#15 (quality near/2 (prescribing or prescription* or medication*)):ti,ab 406

#16 (improv* near/2 (prescrib* or pharmaco* or prescription*)):ti,ab 967

#17 (prescri* near/1 cascade*):ti,ab 2

#18 ("assessing care of vulnerable elders" or acove):ti,ab 13

#19 ((multi-drug* or multidrug*) near/2 (prescrib* or prescription* or regimen* or
therap* or treatment*)):ti,ab

567

#20 {or #1-#19} 9361

#21 [mh aged] 207497

#22 [mh geriatrics] 204

#23 (elder* or geriatric*):ti,ab 49463

#24 ((old* or aged) near/1 (person* or adult* or people or patient* or inpatient* or
outpatient*)):ti,ab

51125
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#25 aged next care:ti,ab 307

#26 [mh veterans] 970

#27 veteran*:ti,ab 5735

#28 {or #21-#27} 281805

#29 #20 and #28 2609

#30 #20 and #28 with Cochrane Library publication date Between Jan 2018 and
Dec 2021

1137
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S1 (MH "Polypharmacy") 4,661

S2 (MH "Inappropriate Prescribing") 2,837

S3 (MH "Medication Errors") 14,070

S4 polypharma* 6,451

S5 (beer* or shan* or mcleod*) N3 criter* 500

S6 "fit for the aged" N3 (criter* or list* or instrument or classif*) 17

S7 (forta or rasp or priscus) N3 (criter* or list* or instrument) 37

S8 stopp criter* or stopp list* 189

S9 (concomitant* or concurrent* or inappropriat* or appropriat* or suboptim* or
sub-optim* or unnecessary or incorrect* or excess* or multip* or inadvert* or
discontinu*) N1 (medicine* or medicat* or prescrib* or prescription* or drug*)

22,536

S10 ((over N1 (prescrib* or prescript*)) or (over-prescrib* or overprescrib*) or ("or
more" N0 (medication* or prescrib* or prescript*)))

4,388

S11 (under N1 prescrib*) or underprescrib* or under-prescrib* 279

S12 deprescrib* or deprescript* 597

S13 "medication appropriateness index*" 82

S14 quality N2 (prescribing or prescription* or medication*) 1,265

S15 prescrib* N0 cascade* 42

S16 "assessing care of vulnerable elders" or acove 61
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S17 (multi-drug* or multidrug*) N2 (prescrib* or prescription* or regimen* or ther-
ap* or treatment*)

1,850

S18 improv* N2 (prescrib* or pharmaco* or prescription*) 2,901

S19 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12
OR S13 OR S14 OR S15 OR S16 OR S17 OR S18

49,512

S20 (MH "Aged+") 851,285

S21 (MH "Geriatrics") 5,571

S22 (MH "Veterans") 17,512

S23 elder* or geriatric* 144,994

S24 (old* or aged) N0 (person* or adult* or people or patient* or inpatient* or out-
patient*)

143,981

S25 "aged care" 4,745

S26 veteran* 32,518

S27 S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 960,691

S28 S19 AND S27 13,257

S29 (MM "Polypharmacy") 2,029

S30 S27 AND S29 1,396

S31 (MH "Random Assignment") 65,642

S32 (MH "Clinical Trials+") 310,857

S33 TI ( randomis* or randomiz* or randomly) OR AB ( randomis* or randomiz* or
randomly)

317,673

S34 PT clinical trial 107,048

S35 PT randomized controlled trial 125,495

S36 S31 OR S32 OR S33 OR S34 OR S35 488,488

S37 S28 AND S36 9,553

S38 S30 OR S37 10,826

S39 S38 Limiters - Published Date: 20180101-20211231; Exclude MEDLINE records 678
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ClinicalTrials.gov, US National Institutes of Health (NIH) (clinicaltrials.gov/)

Search date: 13 January 2021
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  polypharmacy | senior 69

  "inappropriate prescribing" | senior 26

  appropriate prescribing | senior 5

  "inappropriate medication" | senior 30

  "appropriate medication" | senior 16

  deprescribing | senior 1

  Total= 147

     

Rerun Feb 2018 polypharmacy OR "inappropriate prescribing" OR "appropriate prescribing"
OR "inappropriate medication" OR "appropriate medication" OR deprescrib-
ing | Senior

209

Rerun Jan 2021 INTERVENTION: polypharmacy OR "inappropriate prescribing" OR "appropri-
ate prescribing" OR "inappropriate medication" OR "appropriate medication"
OR deprescribing & Older adults (65+)

213

 

 
WHO International Clinical Trials Registry Platform (ICTRP)

Search date: 13 January 2021

 

Search terms Rerun Jan 2021

polypharmacy 192

inappropriate prescribing 33

appropriate prescribing 9

inappropriate medication 22

appropriate medication 12

deprescribing 57

Total= 325
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7

6

No. of studies Design Risk of bias Inconsistency Indirectness† Imprecision Other* Certainty

(overall

score)§

Outcome: Medication appropriateness (as measured by an implicit tool)

8 studies Randomised
trials

Downgrade by 1 level of evi-
dence: risk of bias assessments
across all studies (particular-
ly allocation concealment and
blinding of participants and
personnel) are likely to lower
confidence in estimate of ef-
fect.

Downgrade by 2 lev-
els of evidence: het-
erogeneity between

studies (I2 = 97%, P <
0.00001), not all 95%
CIs overlap.

Downgrade by 1 lev-
el of evidence: not all
studies included a val-
idated assessment of
under prescribing and,
therefore, the findings
are not a direct assess-
ment of appropriate
polypharmacy (prima-
ry outcome).

Downgrade
by 1 level of
evidence:
95% CI of
pooled effect
estimate is
wide (-9.26 to
-2.06).

None. Too few
studies to as-
sess publica-
tion bias (<
10).

⊕⊝⊝⊝

very low

Outcome: The number of potentially inappropriate medications

9 studies Randomised
trials

Downgrade by 2 levels of evi-
dence: risk of bias assessments
across all studies are likely to
lower confidence in estimate of
effect; multiple domains across
studies with unclear or high
risk.

Downgrade by 2 lev-
els of evidence: het-
erogeneity between

studies (I2 = 67%, P =
0.002), not all 95% CIs
overlap.

Downgrade by 1 lev-
el of evidence: not all
studies included a val-
idated assessment of
under-prescribing and,
therefore, the findings
are not a direct assess-
ment of appropriate
polypharmacy (prima-
ry outcome).

Do not down-
grade level of
evidence: no
serious impre-
cision.

None. Too few
studies to as-
sess publica-
tion bias (<
10).

⊕⊝⊝⊝

very low

Outcome: The proportion of patients with one or more potentially inappropriate medication

13 studies Randomised
trials

Downgrade by 2 levels of evi-
dence: risk of bias assessments
across all studies are likely to
lower confidence in estimate of
effect; multiple domains across
studies with unclear or high
risk.

Downgrade by 2 lev-
els of evidence: het-
erogeneity between

studies (I2 = 84%, P <
0.00001), not all 95%
CIs overlap.

Downgrade by 1 lev-
el of evidence: not all
studies included a val-
idated assessment of
under prescribing and,
therefore, the findings
are not a direct assess-
ment of appropriate
polypharmacy (prima-
ry outcome).

Do not down-
grade level of
evidence: no
serious impre-
cision.

None. No evi-
dence of pub-
lication bias.

⊕⊝⊝⊝

very low
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1
7

7

Outcome: The number of potential prescribing omissions

3 studies Randomised
trials

Downgrade by 2 levels of evi-
dence: risk of bias assessments
across all studies are likely to
lower confidence in estimate of
effect; multiple domains across
studies with unclear or high
risk.

Downgrade by 2 lev-
els of evidence: het-
erogeneity between

studies (I2 = 92%, P <
0.00001), not all 95%
CIs overlap.

Do not downgrade lev-
el of evidence: includ-
ed validated assess-
ments of under-pre-
scribing.

Downgrade
by 1 level of
evidence as
95% CI cross-
es line of no
effect.

None. Too few
studies to as-
sess publica-
tion bias (< 10
studies).

⊕⊝⊝⊝

Very low

Outcome: The proportion of patients with one or more potential prescribing omission

7 studies Randomised
trials

Downgrade by 2 levels of evi-
dence: risk of bias assessments
across all studies are likely to
lower confidence in estimate of
effect; multiple domains across
studies with unclear or high
risk.

Downgrade by 2 lev-
els of evidence: het-
erogeneity between

studies (I2 = 95%, P <
0.00001), not all 95%
CIs overlap.

Downgrade by 1 lev-
el of evidence: not all
studies included a val-
idated assessment of
under prescribing and,
therefore, the findings
are not a direct assess-
ment of appropriate
polypharmacy (prima-
ry outcome).

No serious
imprecision:
do not down-
grade.

None. Too few
studies to as-
sess publica-
tion bias (<
10).

⊕⊝⊝⊝

very low

Outcome: Hospital admissions  

14 studies Randomised
trials

Downgrade by 2 levels of evi-
dence: risk of bias assessments
across most studies are likely to
lower confidence in estimate of
effect; multiple domains across
studies with unclear or high
risk. All studies had at least one
domain judged to be high risk
of bias. Six studies had two or
more domains with high risk of
bias, two studies had four do-
mains at high risk of bias and
one study had five.

Do not downgrade lev-
el of evidence: As hos-
pital admissions was
not included in the
meta-analysis, an es-
timate of heterogene-
ity was not calculated.
However, we can point
to some consistency in
that this outcome was
determined in all stud-
ies by examination of
hospital records. Con-
versely, the outcome
was reported at vary-
ing time points.

Downgrade by 1 lev-
el of evidence: we are
unable to conclude if
all hospital admissions
were medication-relat-
ed.

Do not down-
grade level of
evidence: as a
meta-analysis
was not done
for this out-
come, we can-
not comment
on precision.

None. It is not
expected that
publication
bias is an im-
portant fac-
tor.

⊕⊕⊝⊝

low

Outcome: Quality of life

  (Continued)
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16 studies Randomised
trials

Downgrade by two levels of evi-
dence: 14 out of 16 trials had at
least one domain judged to be
at high risk of bias, and six tri-
als had at least two domains at
high risk of bias.

Do not downgrade lev-
el of evidence: As qual-
ity of life was not in-
cluded in the meta-
analysis, an estimate
of heterogeneity was
not calculated.

Some inconsistency is
indicated in that sev-
en different measures
of quality of life were
used and the outcome
was assessed at vary-
ing time points.

Downgrade by 1 lev-
el of evidence: we are
unable to conclude if
quality of life was med-
ication-related.

Do not down-
grade level of
evidence: as a
meta-analysis
was not done
for this out-
come, we can-
not comment
on precision.

None. It is not
expected that
publication
bias is an im-
portant fac-
tor.

⊕⊕⊝⊝

low

  (Continued)
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Footnotes

†Indirectness includes consideration of:

• indirect (between-study) comparisons;

• indirect (surrogate) outcomes;

• applicability (study populations, interventions or comparisons that are diHerent than those of interest, e.g. whether the study used a
validated measure of medication appropriateness).

*Other considerations for downgrading include publication bias. Other considerations for upgrading include a strong association with no
plausible confounders, a dose response relationship, and if all plausible confounders or biases would decrease the size of the eHect (if
there is evidence of an eHect), or increase it if there is evidence of no harmful eHect (safety).

§4 High = This research provides a very good indication of the likely eHect. The likelihood that the eHect will be substantially diHerent**
is low.

3 Moderate = This research provides a good indication of the likely eHect. The likelihood that the eHect will be substantially diHerent**
is moderate.

2 Low = This research provides some indication of the likely eHect. However, the likelihood that it will be substantially diHerent** is high.

1 Very low = This research does not provide a reliable indication of the likely eHect. The likelihood that the eHect will be substantially
diHerent** is very high.

** Substantially diHerent = a large enough diHerence that it might aHect a decision.
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Date Event Description

11 October 2023 New search has been performed We added 10 included studies to the review. We made changes
to the pooling of outcome data in the meta-analysis. The search
was updated in February 2023 and we added potentially eligible
studies to 'Studies awaiting classification'.

11 October 2023 New citation required and conclusions
have changed

Change to methods (to include only randomised controlled tri-
als), results and conclusions. This is the third update of the re-
view.

 

H I S T O R Y

Protocol first published: Issue 4, 2009
Review first published: Issue 5, 2012

 

Date Event Description

7 February 2018 New citation required and conclusions
have changed

Change to conclusion. Second update of this review.

7 February 2018 New search has been performed Updated searches completed. Twenty new included studies
added to the review.

Changes made to pooling of outcome data in meta-analysis.
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D I F F E R E N C E S   B E T W E E N   P R O T O C O L   A N D   R E V I E W

As only two studies (Bucci 2003; Crotty 2004a) reported the primary outcome measure of change in medication appropriateness used in
the first 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 eHect sizes of the interventions.

Furthermore, we modified our approach 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 Appropriateness Index (MAI)), the current review has
focused on PIMs (i.e. the number of PIMs), while the meta-analysis previously entitled “change in MAI score” has been refocused to include
studies including data on “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 most of the literature on polypharmacy focuses
on older populations. The search strategy was also modified to include relevant new index terms in MEDLINE since the last search (such as:
potentially inappropriate medication list/) and additional search terms were included (such as deprescribing and drug discontinuation).

EBM Reviews, ACP Journal 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 they were 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.
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For the current update of the review we only considered randomised controlled trials for inclusion.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Drug-Related Side EHects and Adverse Reactions;  Hospitalization;  *Pharmaceutical Services;  Polypharmacy;  Quality of Life

MeSH check words

Aged; Humans
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