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Abstract

Background Polypharmacy and potentially inappropriate
medications (PIMs) are prevalent in older adults in hospi-
tal, and are associated with negative outcomes including
adverse drug reactions, falls, confusion, hospitalisation and
death. Deprescribing may reduce inappropriate polyphar-
macy and use of inappropriate medications.

Objective The aim of this systematic review was to
investigate the efficacy of deprescribing interventions in
older inpatients to reduce PIMs and impact on clinical
outcomes.

Electronic supplementary material The online version of this
article (https://doi.org/10.1007/s40266-018-0536-4) contains supple-
mentary material, which is available to authorized users.

DXl Janani Thillainadesan
Janani.Thillainadesan @health.nsw.gov.au

Department of Aged Care, Royal North Shore Hospital,
Sydney, NSW, Australia

2 Northern Clinical School, Sydney Medical School,
University of Sydney, Sydney, NSW, Australia

Faculty of Pharmacy, University of Sydney, Sydney, NSW,
Australia

Pharmacy Department, Royal North Shore Hospital, Sydney,
NSW, Australia

Kolling Institute, University of Sydney and Royal North
Shore Hospital, Sydney, NSW, Australia

- Sarah Green® -

Methods Ovid MEDLINE, Embase, Informit, International
Pharmaceutical ~Abstracts, Scopus, PsycINFO, the
Cochrane Central Register of Controlled Trials (CEN-
TRAL) and CINAHL were searched for randomised con-
trolled trials (RCTs) from 1996 to April 2017. RCTs
reporting on deprescribing interventions to reduce PIMs in
older hospitalised adults were eligible. Data were extrac-
ted, and study quality assessed. The primary outcome was
reduction in PIMs. Where available, clinically relevant
outcomes were assessed.

Results Nine RCTs (n = 2522 subjects) met the inclusion
criteria. Deprescribing interventions were either pharma-
cist-led (n = 4), physician-led (n = 4) or multidisciplinary
team-led (n = 1). Seven of the nine studies reported a
statistically significant reduction in PIMs in the interven-
tion group. There was no change in one study where there
were zero PIMs on admission and discharge, and in the
other study a reduction in PIMs that was not statistically
significant was observed. There was significant hetero-
geneity in outcome measures and reporting. Few studies
reported on the impact of deprescribing interventions on
clinical outcomes. Reported clinical outcomes included
drug-related problems (n = 3), quality of life (n = 2),
mortality (n = 3), hospital readmissions (n =4), falls
(n = 3) and functional status (n = 2). Most studies reported
a benefit in the intervention group that was not statistically
significant. No notable harm was observed in the inter-
vention group. There was a high risk of bias in the included
studies.

Conclusions The evidence available suggests that depre-
scribing interventions in hospital are feasible, generally
effective at reducing PIMs and safe. However, the current
evidence is limited, of low quality and the impact on
clinical outcomes is unclear.
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Key Points

The use of potentially inappropriate medications and
the associated harm is a growing issue among older
adults.

Deprescribing interventions in older adults can be
successfully implemented in the hospital setting.

The quality of evidence on deprescribing
interventions is low, and impact on clinical outcomes
is uncertain, but implementing deprescribing
interventions in hospitals appears beneficial in terms
of reducing inappropriate prescribing.

1 Introduction

Hospital admissions for older Australians are increasing
rapidly as the population ages. People aged 65 years and
over, who constitute 15% of Australia’s population,
accounted for 41% of hospitalisations and 49% of patient
days in 2014-2015 [1]. Clinicians are looking after an older
population with increased prevalence of multimorbidity
and polypharmacy [2-5]. Polypharmacy (the use of five or
more medications) is associated with a high prevalence of
potentially inappropriate medications (PIMs), defined as
medications for which risk of an adverse drug event is
likely to outweigh clinical benefits, and measured using a
range of expert consensus or pharmacological tools [6, 7].
A recent Australian study on the prevalence of PIMs in
older hospitalised patients found 54.8% were on one or
more PIM at admission, and 26.8% were on multiple PIMs
[8]. The use of multiple medications is associated with an
increased risk of adverse drug events, falls, confusion,
functional decline, hospitalisation, increased healthcare
costs and death [9-12].

The term deprescribing first appeared in the literature in
2003 [13], and has been defined as “the process of with-
drawal of an inappropriate medication, supervised by a
health care professional with the goal of managing
polypharmacy and improving outcomes” [14]. Depre-
scribing interventions include pharmacist-led medication
reviews, physician-led interventions, prescriber education
programmes, multidisciplinary interventions and clinical
decision support systems [15, 16]. There is a growing
evidence base for deprescribing. Studies have included
those evaluating the impact of a deprescribing intervention
on both specific drug classes and general polypharmacy
across different patient settings.
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The first systematic review on the topic by lyer et al.
examined 31 withdrawal trials of specific drug classes in
people aged 65 years and older [17]. They concluded that
some medications could be safely withdrawn with benefits,
including reduction in falls, and improved cognition after
withdrawal of psychotropic medications [17]. However,
limitations to their study methodology included single-au-
thor screening and no formal assessment of the quality of
the studies. There have been Cochrane reviews of with-
drawing specific drug classes including psychotropic
agents and proton pump inhibitors [18, 19]. Two recent
systematic reviews of both non-randomised and ran-
domised deprescribing trials across heterogeneous settings
found deprescribing reduced medication use, and there was
no significant effect on all-cause mortality or hospitalisa-
tions [16, 20]. Overall, most deprescribing trials and sys-
tematic reviews conclude these interventions are safe and
feasible. The impact on patient-relevant outcomes such as
mortality, hospitalisations, falls and cognition has not been
consistently demonstrated. Limitations of these studies
include short follow-up periods, low to moderate quality
methodology and significant heterogeneity in the clinical
settings and interventions.

Hospitalisation presents a valuable opportunity to
review and address polypharmacy in the context of the
individual’s morbidities and goals of care. A recent Aus-
tralian study found that 89% of older inpatients were
willing to stop one or more of their regular medications,
and 95% were willing to stop statins if their doctor said
they could [21]. The multidisciplinary team in hospital can
facilitate the assessment of the patient’s function and dis-
abilities, including possible effects of medication use. The
hospital encounter provides an opportunity for the con-
sulting physician to take the lead in medication manage-
ment and communicate changes to the general practitioner
to ensure sustainable changes [22]. There is also an
opportunity to perform multidisciplinary pharmaceutical
review with hospital pharmacists working closely with
doctors and other healthcare professionals. To date, sys-
tematic reviews investigating the impact of deprescribing
interventions have mostly included trials with elderly
patients in primary care or residential aged-care facilities
[16, 20]. A recent Cochrane review of ten randomised
controlled trials (RCTs) investigating the impact of in-
hospital medication review on mortality and morbidity was
not focussed on deprescribing interventions [23]. The
review included studies focused on identification of hos-
pital medication errors and medication adherence. Most
studies did not look at reduction of PIMs or polypharmacy
as an outcome [23]. However, there are also challenges in
the hospital setting. Admissions may be too short to
implement and monitor for any harmful effects of depre-
scribing, and long-term follow up may not always be
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possible. The aim of this systematic review was to inves-
tigate the effectiveness of deprescribing interventions in
older hospitalised patients on prescribing and clinical
outcomes.

2 Methods
2.1 Protocol and Registration

This systematic review was registered on PROSPERO
(CRD42017060236) and can be accessed at http://www.
crd.york.ac.uk/PROSPERO/display_record.asp?ID=
CRD42017060236, and was conducted in adherence with
PRISMA [24].

2.2 Eligibility Criteria
2.2.1 Types of Studies

Only RCTs, in English, from 1 January 1996 up to and
including the commencement of the search in April 2017
were included.

2.2.2 Types of Participants

Interventions that targeted an older population with a
median age of 65 years and over, and were implemented in
the hospital setting, were included. Studies that included a
younger population were included if the majority of sub-
jects were aged 65 years and over.

2.2.3 Types of Interventions

Studies that implemented any intervention aimed at
reduction of PIMs including electronic and non-electronic
deprescribing interventions, pharmacist-led medication
reviews, physician-led interventions, prescriber education
programmes, multidisciplinary interventions and clinical
decision support systems were included. The comparison
intervention was usual care.

2.2.4 Types of Outcome Measures

The primary outcome was reduction in PIMs. Measures
included the number of PIMs, change in PIMs or other
measures of PIMs reported at both baseline and follow-up;
for example, reduction in PIMs as measured by methods
including the Drug Burden Index (DBI) [25], Medication
Appropriateness Index (MAI) [26], Screening Tool of
Older Persons’ Potentially Inappropriate Prescriptions
(STOPP) criteria [27] and updated Beers list [6].

Secondary outcome measures of clinical relevance were
also assessed including mortality, falls, cognitive function,
adverse drug withdrawal events, quality of life and
hospitalisations.

2.3 Information Sources and Search Strategy

Studies were identified by searching electronic databases
Ovid MEDLINE, Embase, Informit, International Phar-
maceutical Abstracts, Scopus, PsycINFO, the Cochrane
Central Register of Controlled Trials (CENTRAL) and
CINAHL. Databases were searched from 1996 to April
2017. The reference lists of all included studies and rele-
vant reviews were manually searched for additional stud-
ies. Key search terms are shown in Table 1. The
MEDLINE search strategy is detailed in Appendix S1 in
the Electronic Supplementary Material (ESM).

2.4 Study Selection

The studies retrieved were screened for potential inclusion
independently by two authors (JT, SG). When the eligi-
bility was unclear, it was discussed with the senior inves-
tigator (SH).

2.5 Data Extraction and Synthesis

The primary investigator (JT) extracted the data using a
pre-agreed data extraction form. Extracted information
included author, country, publication year, study type,
setting, population characteristics, type of intervention and
control, follow-up details, recruitment and study comple-
tion rates, impact of intervention on PIMs and other clin-
ically relevant outcomes. The data were summarised in
tables. In the event of missing or unclear data, the original
authors were contacted. Three study authors were con-
tacted for further information. One author responded and
provided the requested data. Due to the high heterogeneity
in the type of deprescribing intervention, measure of PIMs
and reported outcome data, a meta-analysis could not be
undertaken.

2.6 Risk of Bias Assessment
The Cochrane Risk of Bias Assessment Tool was used to
assess the quality of all included RCTs and was performed

by the primary investigator, JT, and reviewed by co-author
DG [28].
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Table 1 Key search terms (with Boolean search operators)

Patient Old* OR elder* OR geriatric* OR gerontolog*

population

Study setting

Hospital* OR inpatient* OR admitted OR admission* OR separation*

Intervention Inappropriate Prescribing/ OR Deprescriptions/ OR Polypharmacy/ OR deprescri* OR “STOPP”.mp. OR Potentially
Inappropriate Medication List OR “Beers criteria” OR deprescrib* OR medication* adj (cessation OR ceas* OR stop* OR
withdraw* OR discontin*) OR drug* adj (cessation OR ceas* OR stop* OR withdraw* OR discontin¥)

3 Results 3.2 Characteristics of Included Studies

3.1 Study Selection

A total of 2915 records were retrieved from the electronic
databases. After removal of duplicates, 2106 abstracts and
titles were screened for eligibility. Full-text articles were
sought and screened for 67 articles that appeared to meet
the inclusion criteria. Further studies were not found after
manual search of systematic reviews and references of
included studies. Nine RCTs were included in the sys-
tematic review [29-37]. The study selection process and
reasons for exclusion are summarised in Fig. 1.

3.2.1 Participants and Setting

The details of the included trials are summarised in
Table 2. There was a total of 2522 participants across the
nine included studies (range 114-409 participants per
study). The main inclusion criterion in all studies was
hospitalised patients who were elderly (criteria ranged
from aged > 60 to > 80 years), except one study that
included all ages. In this one study, 17 of the 164 inter-
vention subjects, and 24 of the 181 control subjects, were
aged < 65 years, and the overall median age was 82 years,
ranging from 35 to 99 years [29]. Mean or median age was

Fig. 1 Study selection process.
PIMs potentially inappropriate =
medications .g Records identified through Additional records identified
[\} database searching through other sources
£ (n=2915) (n=0)
=
]
T
) \ 4
—_— Duplicates removed
(n = 809)
0 Records excluded, with reasons
£ (n=2039)
g v Irrelevant (n = 1773)
3 Duplicate (n =205)
Titles and abstracts screened o Not in hospital setting (n = 46)
(n=2106) Uncontrolled study (n = 3)
—_ Systematic review (n=12)
—
v Full-text articles excluded, with
>
= Full-text articles assessed reasons
3 Shpinpi (n=58)
=) for eligibility >
= n=67) Irrelevant (n = 14)
™ Not in English (n = 1)
Conference abstract (n = 15)
( ) Protocolonly (n=1)
y Not in hospital setting (n = 5)
L. ) Impact on PIMs not assessed
Studies included in (n=5)
- systematlcgrewew Uncontrolled study (n=13)
5 (n =] Non-randomised controlled study
3 (n=4)
£
Studies from hand search (n =0)
N/
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reported in eight of the nine studies, and ranged from 74.5
to 86.7 years [29-33, 35-37]. Frailty or risk of frailty was
an inclusion criterion in two studies [30, 34]. One study
excluded patients with dementia [33] while one study
excluded patients with severe dementia [34]. There were
250 participants with dementia or cognitive impairment at
baseline among 1491 participants in the five studies that
reported on this characteristic [30-32, 35, 37]. Participants
in all studies were inpatients, with five studies undertaken
on the medical or surgical wards [29-32, 34] and four
studies on the geriatric ward [33, 35-37].

3.2.2 Intervention Type

Four studies were pharmacist-led [29, 32, 35, 36], four
were physician-led [30, 31, 33, 37] and one was a multi-
disciplinary team-led deprescribing intervention [34].
Among the four pharmacist-led studies, two studies spec-
ified the use of a specific tool to identify PIMs as part of the
comprehensive medication review [29, 36]. In the other
two pharmacist-led intervention studies and the multidis-
ciplinary team-led deprescribing study, a comprehensive
medication review was undertaken but no specific PIMs
screening tools were utilised as part of the deprescribing
intervention [32, 34, 35]. Among the four physician-led
interventions studies, the STOPP criteria were applied in
two studies [30, 31] and the ‘Fit fOR The Aged’ (FORTA)
list was applied in two studies [33, 37]. A computer support
system was employed in one study to perform the medi-
cation review [29]. Standard care was either usual care by
the medical or surgical team [29, 31, 32, 34] or usual
geriatric care [30, 33, 35-37].

3.2.3 Primary Outcome

In all studies, impact of the deprescribing intervention on
PIMs was measured in the intervention and control groups.
In eight of the nine studies, impact on PIMs was the pri-
mary outcome [29-33, 35-37] and in one study the primary
outcome was adverse drug reactions (ADRs) [34]. The
average duration of hospital stay ranged from 6 to 20 days
for both the control and intervention groups across the five
studies that provided this data. Some studies measured the
reduction in PIMs beyond discharge, including at 3 months
[35], 2, 4 and 6 months post-discharge [31] and 1 year
post-discharge [30, 34]. Impact on PIMs was assessed
using a variety of criteria including STOPP criteria
[30-32], MAI [31, 32, 34, 35], three drug-specific quality
indicators established by the Swedish National Board of
Health and Welfare [29], Beer’s criteria [35], FORTA
[33, 37] and the Rationalization of home medication by an
Adjusted STOPP in older Patients (RASP) list [36]. The six
studies that used explicit criteria to identify PIMs used the

same  criteria  to PIMs

[29-31, 33, 36, 37].

measure impact on

3.2.4 Other Reported Outcomes

All nine studies reported the impact of the deprescribing
intervention on at least one clinical outcome, summarised
in Table 2. Reported clinical outcomes included drug-re-
lated problems (n = 3) [29, 34, 37], quality of life (n = 2)
[29, 36], mortality (n = 3) [31, 35, 36], hospital readmis-
sions (n = 4) [31, 32, 35, 36], falls (n = 3) [31, 33, 36, 37]
and functional status (n = 2) [33, 37].

3.3 Risk of Bias Within Studies

The nine included RCTs were assessed using the Cochrane
Risk of Bias Assessment Tool, summarised in Table 3. The
Cochrane Risk of Bias tool was applied at the study level,
and included a measure of outcome bias (detection bias
related to blinding), as shown in Table 3. Two studies
reported adequate sequence generation [31, 34] and three
reported concealment of allocation [29, 31, 32]. The bias
associated with blinding of participants and personnel was
rated high in most studies, reflecting the nature of the
intervention. Five studies were judged to be at low risk of
attrition bias as they reported similar rates of drop outs in
the control and intervention groups for similar reasons
[31-33, 35, 36]. Six of the nine studies were registered in a
trial registry [29, 31-33, 36, 37]. One study was a post-hoc
analysis and was thus rated as high risk of reporting bias
[32].

3.4 Outcomes of Included Studies
3.4.1 Primary Outcome Results—Reduction in PIMs

Where the mean (standard deviation [SD]) or median (in-
terquartile range [IQR]) number of PIMs per patient in the
intervention and control groups at admission and discharge
were not reported, the first author of the study was con-
tacted via email. We contacted three study authors and a
response was received from one [37]. Mean (SD) number
of PIMs per patient at admission and discharge in the
intervention and control groups was available for five
studies, and ranged from 0.29 (0.56) to 1.4 (1.5) in the
intervention group and 0.35 (0.73) to 1.5 (1.5) in the
control group at admission, and ranged from 0.03 (0.17) to
0.9 (1.0) in the intervention group and from 0.04 (0.21) to
1.7 (1.5) in the control group at discharge
[29, 32, 34, 35, 37]. Median (IQR) number of PIMs per
patient in the intervention and control groups at admission
and discharge was reported in three studies, and ranged
from 0 (0-1) to 3 (2-5) at admission in both the
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Table 3 Risk of bias of included studies

Study Random Allocation Blinding: Blinding: Blinding: outcomes (detection bias)  Incomplete Selective
sequence concealment  participants personnel outcome data reporting
generation (selection (performance  (performance (attrition bias) (reporting
(selection bias) bias) bias) bias) bias)

Bladh Unclear Low High High 1. Potential inappropriate 1. Potential Low

et al. prescriptions—low inappropriate
%9]]{ 2. HRQL—high E,fe;“ipﬁonsf
3. Satisfaction survey GP—high ) Il-lgRQL high
4. Drug-related problems—high o _ '8
3. Satisfaction
survey GP—
high
4. Drug-related
problems—
low
Dalleur Unclear High Low High 1. Proportion of PIMs discontinued High Unclear
et al. (primary outcome)—Low
(301, 2. Secondary outcomes—unclear
2014
Gallagher  Low Low High High High Low Low
et al.
(31],
2011
Gillespie Unclear Low High High High Low High
et al.
[32],
2013
Michalek High High High High Low Low High
et al.
[33],
2014
Schmader  Low Unclear Unclear Unclear Low Unclear Unclear
et al.
[34],
2004
Spinewine  High Unclear High High 1. Appropriateness of prescribing—  Low High
et al. high
[23050]7’ 2. MAI—high
3. ACOVE—low
4. Beers criteria—low
5. Mortality—low
6. ED visits—low
7. Readmission rate—low
8. Satisfaction survey—high
Van der High High Unclear Unclear Unclear Low Low
Linden
et al.
2017
[36]
Wehling High Unclear High High 1. Assessment of medication Unclear High
et al. quality—low
2016 2. ADRs—unclear
[37]

3. Clinical outcomes (ADL, IADL,
Timed ‘Up and Go’ and Tinetti

tests, pain scale, blood pressure)—

Unclear

ADL activities of daily living, ADRs adverse drug reactions, ACOVE Assessing Care Of the Vulnerable Elder, ED emergency department, GP general
practitioner, HRQL health-related quality of life, JADL instrumental activities of daily living, MAI Medication Appropriateness Index, PIMs potentially
inappropriate medications
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intervention and control groups, and ranged from 0 (0-0) to
1 (0-5) in the intervention group, and from 0 (0-2) to 2
(1-3) in the control group at discharge [32, 33, 36].

The impact of interventions on PIMs use across all
included studies is summarised in Table 2, and where mean
number of PIMs per patient was reported (n = 5), these
results are shown in Fig. 2. In the three studies that com-
pared the change in PIMs from admission to discharge
between intervention and control group, a statistically
significant reduction in PIMs was found [32, 34, 37]. These
studies included a pharmacist-led medication review with
no specific tool [32], a pharmacist review as part of a
Geriatric Evaluation and Management (GEM) service with
no specific tool [34], and a physician-led intervention using
FORTA [37]. In the other six studies that analysed the
intergroup difference in PIMs at discharge, a significant
reduction in the intervention group was reported in three of
the six studies [30, 31, 36]. In the three studies that
reported no statistically significant intergroup difference in
number of PIMs, there was a significant reduction in the
number of PIMs from admission to discharge within the
intervention group in one study [35], a non-significant
reduction in PIMs observed in the study by Bladh et al.
[29], and no change in the study by Michalek et al. where
the mean number of PIMs was zero at admission and dis-
charge in both the control and intervention groups [33].

Four studies used MAI to provide a summated score
[31, 32, 34, 35], summarised in Appendix S2 in the ESM.
Two of the four studies that performed a between-group
analysis of the change in the mean summated MAI score
per patient reported a statistically significant improvement
in the intervention group compared with usual care

Fig. 2 Mean number of PIMs
per patient at admission and
discharge in the intervention
and control groups across
studies. PIMs potentially
inappropriate

medications. 'Statistically
significant reduction in PIMs
from admission to discharge in
intervention group compared to
control group

Admission

Discharge

0.0

LSS LLLLLILLLLL LSS/ 7

[32, 34]. Four studies reported on reduction in PIMs
beyond discharge with mixed results [30, 31, 34, 35].
Gallagher et al. reported that in the intervention group, the
proportion of patients with at least one PIM remained
statistically significantly lower at 2, 4 and 6 months post-
discharge [31]. Dalleur et al. observed a lower proportion
of PIMs had been restarted in the intervention group at
12 months, though the difference was not statistically
significant [30]. Schmader et al. reported a slight increase
in the number of PIMs in the intervention group compared
with the control group at 12 months [34]. Spinewine et al.
found a trend toward higher maintenance rates in the
intervention group that was not statistically significant [35].

3.4.2 Secondary Outcomes Results

Secondary outcome results are summarised in tables in
Appendix S3 in the ESM.

Medication-related problems Drug-related problems
including ADRs were assessed in three studies [29, 34, 37],
but in one study this outcome was only measured in the
intervention group [29]. In the study by Schmader et al. the
deprescribing intervention did not result in a significant
difference in ADRs between the groups [34]. Wehling et al.
reported a significant reduction in the incidence of ADRs in
the intervention group compared with the control group
post-intervention [37].

Health-related quality of life Health-related quality of
life was assessed in two studies [29, 36]. Bladh et al. found
no intergroup difference at 6 months in the self-rated glo-
bal health and the EuroQol 5-dimension questionnaire
(EQ-5D) [29]. Van der Linden et al. reported a statistically

Bladh et al.[29] intervention
Bladh et al. [29] control

Gillespie et al. [32] intervention'
Gillespie et al. [32] control
Schmader et al. [34] intervention’
Schmader et al. [34] control
Spinewine et al. [35] intervention
Spinewine et al. [35] control

Wehling et al. [37] intervention'

NEREXEIROERNT

Wehling et al. [37] control

0.5 1.0 1.5 2.0

Mean number of PIMs per patient

1 Statistically significant reduction in PIMs from admission to discharge in intervention group compared to control

group
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significant improvement in the EQ-5D scores of the inter-
vention group compared with the control group [36].

Mortality Mortality was reported in three of the nine
studies at different follow-up periods [31, 35, 36]. Depre-
scribing interventions to reduce PIMs were not associated
with significant changes in mortality.

Hospitalisations Four studies measured hospital read-
missions [31, 32, 35, 36]. Three studies reported no dif-
ference in hospitalisations [31, 35, 36], and in the other
study, which analysed the association between scores for
MALI and STOPP and total readmissions, no significant
association was detected [32].

Falls Three studies reported the impact on falls as an
outcome at discharge [33, 36, 37], and one study reported
falls at 6 months post-discharge [31]. A statistically sig-
nificant reduction in falls was reported in one study [33].

Functional status Two studies assessed functional status
using the Barthel index [33, 37], and one study reported a
significant improvement in function at discharge [37].

4 Discussion

Inappropriate medication prescribing is prevalent in older
inpatients. Hospitalisation presents a valuable opportunity
to deprescribe PIMs in the context of the individual’s
morbidities and goals of care. This systematic review
assessed the impact of deprescribing interventions on pre-
scribing and clinical outcomes in older patients in the
hospital setting. Seven of the nine included studies reported
a statistically significant reduction in PIMs in the inter-
vention group [29-32, 34, 36, 37] and no study showed an
increase in PIMs. Across the four studies that analysed the
effect beyond hospital discharge, the results were mixed.

Few systematic reviews have focussed on the impact of
deprescribing interventions on PIMs. A recently updated
Cochrane review on the impact of interventions on
appropriate use of polypharmacy reported an overall
reduction in inappropriate medication usage following
intervention [38]. However, only three of the twelve
included controlled trials were in an inpatient setting. The
findings of this systematic review are useful for the mul-
tidisciplinary care team in hospital as it provides evidence
that deprescribing interventions can be implemented in the
acute hospital setting in medical and surgical wards, and
can reduce PIMs, which are associated with several adverse
effects.

The number of studies in this systematic review was too
small to comment on variation in outcome according to
intervention type. Only three of the nine studies compared
reduction in PIMs from admission to discharge between
intervention and control group [32, 34, 37]. All three
studies reported a statistically significant reduction in

A\ Adis

PIMs, even though they employed different deprescribing
interventions and tools. Other systematic reviews evaluat-
ing the impact of deprescribing interventions on PIMs have
largely focussed on studies implementing pharmacist-led
interventions in heterogenous settings [38, 39]. Studies
comparing the efficacy of different deprescribing inter-
ventions on reduction of PIMs are lacking. In addition, it
would be important for future studies to provide more
complete descriptions of deprescribing interventions using
the recently published TIDieR checklist [40]. Detailed
reporting of trial interventions will allow replication of
these interventions in future studies across other settings,
and enable healthcare professionals to translate these
interventions into routine clinical care.

As the evidence for the efficacy and safety of depre-
scribing grows, future studies should focus on developing
and evaluating models of care that incorporate depre-
scribing guidelines and multidisciplinary care. Future work
in this area could include developing and evaluating the use
of computerised clinical decision support systems to
facilitate clinicians to identify and deprescribe PIMs. For
example, clinical decision support systems have been
developed for the Beers criteria through a mobile appli-
cation called ‘iGeriatrics’, the STOPP/START criteria
through the STRIP assistant [41] and there is a software
version of the DBI that calculates the DBI and generates a
report for treating physicians [42].

This review also assessed the impact of deprescribing
interventions on clinical outcomes. None of the studies
were powered to evaluate these secondary clinical out-
comes. Drug-related problems including ADRs were
reported in three studies [29, 34, 37], health-related quality
of life in two studies [29, 36], mortality in three studies
[31, 35, 36], hospital readmissions in four studies
[31, 32, 35, 36], falls in three studies [31, 33, 36, 37] and
functional status using the Barthel index in two studies
[33, 37]. In general, the results were mixed. The mortality
rate was lower in the intervention group at follow-up, but
the results were not statistically significant [31, 35, 36].
There was no significant impact on readmission rates
[31, 32, 35, 36]. A number of recent meta-analyses on the
impact of deprescribing interventions in various settings on
mortality and readmissions have been published, with all
reporting no significant improvement [16, 20, 23]. In this
systematic review of hospital-based deprescribing studies,
no strong evidence was found for an effect on clinical
outcomes. This could be resolved by adequately powered
studies designed to specifically evaluate clinically relevant
and patient-centred endpoints such as quality of life and
functional status.
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4.1 Strengths and Limitations

This is the first systematic review to specifically investigate
the impact of deprescribing interventions on prescribing
outcomes for older patients in hospital. A comprehensive
search strategy was undertaken with two reviewers inde-
pendently screening all results retrieved by searching eight
large databases. However, as there is no MeSH term for
‘deprescribing’, a broad search strategy was utilised which
yielded a high number of results. The search was limited to
studies in English and published after 1995, and further
search terms were used to exclude irrelevant studies as
detailed in Sect. 2.

Due to significant heterogeneity in intervention type and
outcome measures, a meta-analysis could not be under-
taken. Missing data could not be retrieved for some studies.
Conclusions on efficacy by intervention type could not be
made due to small numbers of studies with similar inter-
ventions and similar outcome measures. Most studies had
short-term follow up, and thus the long-term impact of
interventions is still unclear. This review included only
RCTs. However, the quality of the included trials varied.
Randomisation was adequate in two of the nine studies
[31, 34]. Only five of the nine studies were powered for the
primary outcome [30, 31, 35-37]. None of the studies were
powered to examine the secondary outcomes. The presence
of a high risk of bias should be considered when inter-
preting the results of this review.

Since the protocol for this systematic review was reg-
istered, the TIDieR checklist for systematic reviews has
been published [43]. The TIDieR checklist was developed
in response to the incomplete reporting of intervention
details in many trials and subsequent systematic reviews of
trials. Application of the TIDieR checklist to this system-
atic review may have enabled better descriptions and
comparisons of the deprescribing interventions. In terms of
limitations to the scope of this systematic review, reduction
of PIMs is only one part of a comprehensive medication
review to optimise quality use of medicines in older
patients.

5 Conclusions

Our findings suggest that deprescribing interventions tar-
geted at older adults admitted to hospital can reduce PIMs.
The interventions appear to be safe and in some cases may
be feasible to implement into usual care. However, the
impact on clinical outcomes is unclear and the current
evidence is weak and of low quality. Most of the studies
were relatively recent and reflect the growing activity in
this field. It should be noted that PIMs are a surrogate
outcome, and reduction of PIMS is only one part of a

comprehensive medication review to optimise prescribing
for older adults. Therefore, future studies should be pow-
ered to evaluate clinically relevant outcomes including
functional status, falls, rehospitalisation, and mortality. In
addition to building evidence on the outcomes, translation
of the study findings into routine clinical care should be
explored using implementation studies.
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