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Abstract

Background: our aim was to assess the effectiveness of medication review and deprescribing interventions as a single
intervention in falls prevention.

Methods:

Design: systematic review and meta-analysis.

Data sources: Medline, Embase, Cochrane CENTRAL, PsycINFO until 28 March 2022.

Eligibility criteria: randomised controlled trials of older participants comparing any medication review or deprescribing
intervention with usual care and reporting falls as an outcome.

Study records: title/abstract and full-text screening by two reviewers.

Risk of bias: Cochrane Collaboration revised tool.

Data synthesis: results reported separately for different settings and sufficiently comparable studies meta-analysed.

Results forty-nine heterogeneous studies were included.

Community: meta-analyses of medication reviews resulted in a risk ratio (RR) of 1.05 (95% confidence interval, 0.85-1.29,
12 = 0%, 3 studies(s)) for number of fallers, in an RR = 0.95 (0.70-1.27, I* =37%, 3 s) for number of injurious fallers and
in a rate ratio (RaR) of 0.89 (0.69—1.14, I = 0%, 2 s) for injurious falls.

Hospital: meta-analyses assessing medication reviews resulted in an RR=10.97 (0.74-1.28, 1> =15%, 2 s) and in an
RR = 0.50 (0.07-3.50, I> =72% %, 2 s) for number of fallers after and during admission, respectively.

Long-term care: meta-analyses investigating medication reviews or deprescribing plans resulted in an RR =0.86 (0.72-1.02,
12 = 0%, 5 s) for number of fallers and in an RaR = 0.93 (0.64-1.35, I> = 92%, 7 s) for number of falls.

Conclusions: the heterogencity of the interventions precluded us to estimate the exact effect of medication review and
deprescribing as a single intervention. For future studies, more comparability is warranted. These interventions should not
be implemented as a stand-alone strategy in falls prevention but included in multimodal strategies due to the multifactorial

nature of falls. PROSPERO registration number: CRD42020218231

Keywords: accidental falls, medication review, deprescribing, fall-risk-increasing drugs, older people, systematic review

Key Points

* A medication review with the aim of deprescribing is an important component of a multifactorial falls prevention strategy.
* However, there is uncertainty related to the effectiveness of these interventions as a single intervention for falls prevention.
* In meta-analyses, no significant associations between medication reviews and fall outcomes were found in any of the settings.
* However, there was a trend for a lower number of fallers in the meta-analysis assessing medication reviews in long-term care.
* In a frail subgroup of older persons, medication review might be effective even as a single intervention.

Introduction

Falls incidents are a common and growing threat for both
immediate- and long-term health and functional indepen-
dence of older adults [1]. Approximately a third of com-
munity dwellers aged 65 years and older will sustain at
least one fall each year, and in long-term care, fall injuries
are even more common as more than half of the residents
will fall at least annually [2-4]. Furthermore, falls are the
most frequently reported safety incident in adult inpatients
[5]. In general, falls are multifactorial and often result from
several interacting risks [3]. Due to the burden related to
fall injuries from both an individual and a societal perspec-
tive, identification of effective falls prevention approaches,
such as appropriate multifactorial interventions, is of utmost
importance.

An important component of a multifactorial falls
prevention strategy is a medication review with the aim
of judicious deprescribing of certain medications [6]. The
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rationale behind this intervention is that the potential
adverse effects of fall-risk-increasing drugs (FRIDs) that
may contribute to falls such as orthostatic hypotension
and sedation are reversible after deprescribing [7-9].
However, there is uncertainty related to the effectiveness
of medication review and deprescribing interventions as a
single intervention for falls prevention.

To date, few systematic reviews and meta-analyses have
focused on the topic [10-13]. However, comparing these
systematic reviews has proved challenging due to the vari-
ation of included trials in the reviews. The most recent
systematic review found no effect of FRIDs deprescribing
on any falls outcomes [13]. However, the authors excluded
studies assessing medication review and management with
a broader focus on reducing polypharmacy and potentially
inappropriate prescribing. Likewise, Cameron er a/. [11]
stated that a general medication review may make little or
no difference to the rate of falls or risk of falling in long-term
care facilities. However, they only identified one medication
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review intervention study that was performed in a hospital
[11].

Therefore, there is a need for a broad and detailed update
of the available falls prevention literature, focusing on all
settings in which older people receive healthcare and all
medication review and deprescribing interventions, as several
important medication review and deprescribing trials have
been published in recent years. The aim of this systematic
review and meta-analysis was to assess the effectiveness of
any medication review or deprescribing intervention as a
single intervention in falls prevention performed among
older people in any care setting.

Methods

This systematic review was reported following the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
(PRISMA) guidelines [14] and conducted following
the guidance of Cochrane Handbook [15]. A proto-
col was registered to PROSPERO (registration number:
CRD42020218231) and was recently published [16].

Eligibility criteria
Type of studies

Randomised controlled trials (RCTs), including quasi-
randomised trials, cluster-randomised trials and trials in
which treatment allocations were inadequately concealed
were considered for inclusion. Language restriction was not

applied.

Types of participants

Studies conducted in any setting were considered for inclu-
sion if they included participants aged >60 years or if the
majority of participants were aged >65 years or the mean
age was >05 years.

Type of interventions

The intervention could be any type of deprescribing or med-
ication review intervention. The interventions could be, for
example, medication reviews led by pharmacist or physician,
education programmes for prescribers or clinical decision
support systems (CDSS). The intervention could target spe-
cific drug classes (e.g. psychotropics) or general medica-
tion regimens (i.e. comprehensive medication review). The
intervention might have targeted multiple medication issues
in case of comprehensive medication review in addition to
deprescribing such as non-adherence and starting medica-
tions. If the intervention was part of a multi-modal inter-
vention (e.g. intervention including also physical exercise),
the study was excluded.

Type of control

The comparison intervention was usual care (i.e. no depre-
scribing/medication review conducted or no change in usual
activities of care).

Type of outcomes

Studies that reported raw data or statistics related to any type
of falls outcomes (e.g. number of falls, number of fallers or
frequent fallers and time to first fall) were considered for
inclusion. Our secondary outcome was injurious falls (e.g.
fall-related fractures).

Information sources

A search was performed in the Cochrane Central Register
of Controlled Trials (CENTRAL), Medline, Embase and
PsycINFO to search for literature published from inception
until 28 March 2022. A customised search strategy was
built by a librarian for each database. When a relevant
conference abstract or protocol was identified, we emailed
the authors to obtain the full text article. Reference
lists of included studies, reviews (e.g. Cochrane reviews)
and falls prevention guidelines were assessed to identify
additional studies. Finally, additional studies were aimed
to identify through trial registers (clinicaltrials.gov, EU
clinical trials register, International Clinical Trials Registry
Platform).

Search strategy

The search included the following search concepts: (i)
‘deprescribing’ AND  ‘falls/healthcare assessment AND
‘geriatric’ OR (ii) ‘specific prescription tools’ [17]. Even-
tually, these were combined with ‘RCTs’ as follows:
(([deprescribing] AND [falls/healthcare assessment] AND
[geriatric]) OR [specific prescription tools]) AND [RCT’s].
The full search strategy is provided in Supplementary Text 1.

Data records and management

First, title and abstract screening was performed indepen-
dently by two reviewers using Rayyan [18]. Then, a full-
text screening was done by two independent reviewers.
In both phases, a third reviewer was consulted in case of
disagreement.

Finally, data from the articles were extracted indepen-
dently by two authors using a structured data collection
form. In case of disagreement, the disagreements were dis-
cussed or a third reviewer was consulted. The following
data items were collected: study design, country, setting,
inclusion criteria, total number of participants and age of
the participants (preferably mean and standard deviation),
intervention type, control type, all fall-related outcomes and
how data on these outcomes was collected, adjustment of
outcomes if applicable and follow-up duration.

Risk of bias

"The Cochrane Collaboration revised tool of Risk of Bias was
applied by two reviewers independently to assess the risk of
bias [19]. In case of disagreement, the disagreements were
discussed or a third reviewer was consulted.
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Data synthesis

We present the results separately for every setting: commu-
nity, hospital or long-term care facilities.

When a group of studies with a sufficiently comparable
intervention and outcome and performed in a same setting
was identified, a meta-analysis using random-effects model
was conducted applying the intention-to-treat principle. We
reported the treatment effects between the intervention and
control group as a Rate Ratio (RaR) or as Risk Ratio (RR)
together with the 95% confidence intervals (95% CI). We
used the unadjusted effect sizes, unless the adjustment was
performed due to clustering. We adjusted for clustering,
if not already done in the published report using average
cluster size and following intra-cluster coeflicient estimates:
0.01 in case of community setting, 0.01 in case of hospital
wards, 0.07 in case of long-term care facilities and num-
ber of fallers, and 0.1 in case of long-term care facilities
and fall rates [20-22]. We tried to minimise the expected
heterogeneity by pooling the studies from a similar setting
and with a comparable intervention. The remaining het-
erogeneity was assessed within a pooled group of studies
with help of visual inspection of the forest plots and Chi®
test (with statistical significance set at P < 0.10), and the I’
statistics [15]. We explored the heterogeneity by conducting
pre-specified subgroup analysis described in our protocol
[16]. Furthermore, we conducted pre-specified sensitivity
analyses based on overall study quality and by comparing
random and fixed effect models. Funnel plots and Eggers
tests were not conducted as none of the analyses included
>10 studies. For all statistical tests, the software Review
Manager Version 5.4.1 was used.

Confidence in cumulative evidence

The Grading of Recommendations, Assessment, Develop-
ment, and Evaluation (GRADE) was applied by two review-
ers independently to assess the confidence of the effect
estimates of the meta-analyses [23]. In case of disagreement,
the disagreements were discussed or a third reviewer was
consulted.

Results

Study inclusion

The initial search yielded 5,887 records after the removal of
duplicates. Of these, 437 full texts were assessed for eligi-
bility, 49 articles were included in the qualitative synthesis
of this article and 17 articles in the separate quantitative
analyses. Supplementary Figure 1 shows the flow chart of
study screening and inclusion.

Studies conducted in the community setting

Nineteen studies were conducted in the community.
Eleven of the included studies were individually ran-
domised [24-34], and eight studies were cluster-randomised
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[35-42]. Eight of the studies were conducted in the United
States [24, 28-30, 33, 35, 38, 40], eight in Europe [25-27,
31, 37, 41, 42] and two in Australia [36, 39] and one in
New Zealand [32]. The sample size ranged from 81 to 3,904
participants, and the mean age between 67 and 85 years. The
follow-up period for falls ranged from 45 days to 24 months.
The study characteristics and results are summarised in
Supplementary Table 1 and the risk of bias assessment is
provided in Supplementary Figures 2 and 3.

In 10 studies, the intervention was a medication review
by a healthcare professional. Three of these studies were
pooled, which resulted in an RR of 1.05 (95% CI 0.85-1.29)
for the number of fallers, with a heterogeneity of I =0%
(Figure 1a). The GRADE assessment was low for this effect
estimate (Supplementary Table 2). Sensitivity and subgroup
analyses are shown in Supplementary Figure 4. In addition,
three of the studies were pooled for the meta-analysis of num-
ber of injurious fallers which resulted in an RR 0f 0.95 (95%
CI 0.70-1.27) with a heterogeneity of I = 37% (Figure 1b).
The GRADE assessment was very low for this effect estimate
(Supplementary Table 2). Sensitivity and subgroup analy-
ses are shown in Supplementary Figure 5. Finally, two of
the studies were pooled for the meta-analysis of number
of injurious falls that resulted in RaR of 0.89 (95% CI
0.69-1.14) with a heterogeneity of I* =0% (Figure 1c).
The GRADE assessment was low for this effect estimate
(Supplementary Table 2). Sensitivity analysis is shown in
Supplementary Figure 6.

The interventions of the trials that were included in
the meta-analyses are shown in Table 1. Four studies that
were not included in the meta-analyses are described in the
Supplementary Text 2.

Furthermore, nine other studies with various interven-
tions are described in the Supplementary Text 2.

Studies conducted in the hospital setting

Seven studies were conducted in hospital setting. Two of the
included studies were individually randomised using a ran-
domisation algorithm [43, 44], two of the studies were quasi
randomised trials [45, 46], one of the studies was stepped-
wedge cluster RCT [47], in one of the studies the randomi-
sation had to be partly guided by random availability of
beds [48] and in the OPERAM trial, clusters were defined
at the level of attending physicians [49]. Six studies were
conducted in Europe [43-46, 48, 49] and one in Canada
[47]. The sample size varied from 114 to 5,698 participants.
In four of the studies, the mean or median age was above
80 years [43, 45, 46, 48]. The study characteristics and
results are summarised in Supplementary Table 3 and the
risk of bias assessment in Supplementary Figures 7 and 8.
Three studies evaluated falls during hospital stay and
investigated optimisation of medication regimen. In two of
these studies, the medications were evaluated according to
the Fit fOR The Aged (FORTA) criteria and these were
pooled for meta-analysis of the number of fallers, which
resulted in an RR 0.50 (0.07-3.50) with a heterogeneity of
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A

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Blalock 2010 0.019 0.1288 93 93 68.7% 1.021[0.79,1.31]
Meredith 01174 03317 130 129 10.4% 1.12[0.59, 2.15]
Messerli 0.1098 0.2336 175 189 20.9% 1.121[0.71,1.76) e
Total (95% Cl) 398 411 100.0% 1.05 [0.85, 1.29] ’
Heterogeneity: Tau®= 0.00; Chi*=0.16, df=2 (P = 0.92); F= 0% T

Test for overall effect: Z= 0.45 (P = 0.65)

05 07 1 15 2
Favours intervention Favours control

B
Experimental Control Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Blalock 2020 0.0905 0.1768 989 1176 39.9% 1.08[0.77,1.55)
Mahlknecht -0.2822 0.1618 244 230 43.9% 0.75[0.55,1.04]
Messerli 0.2021 0.3384 175 189 16.2% 1.22[0.63, 2.38)
Total (95% Cl) 1408 1595 100.0% 0.95[0.70, 1.27]

Heterogeneity: Tau*= 0.03; Chi*=3.19, df=2 (P =0.20); F=37%
Test for overall effect: Z=0.36 (P=0.72)

0.2 05 1 2 5
Favours intervention Favours control

Experimental Control Rate Ratio Rate Ratio
Study or Subgroup  log[Rate Ratio] SE Total  Total Weight IV, Random, 95% CI IV, Random, 95% CI
Blalock 2010 -0.1347 01791 93 93 49.9% 0.87[0.62,1.24]
Mahlknecht -0.1 01787 244 230 50.1% 0.90[0.64,1.28]
Total (95% ClI) 337 323 100.0% 0.89 [0.69, 1.14]

Heterogeneity: Tau®= 0.00; Chi*= 0.02, df=1 (P = 0.89), F=0%
Test for overall effect: Z= 0.93 (P = 0.35)

i Il Il
T T 1

0.2 05 1 2 5
Favours intervention Favours control

Figure 1. (a) Forest plot of meta-analysis assessing medication review versus usual care, outcome number of fallers during follow-up.

(b) Forest plot of meta-analysis assessing medication review versus usual care, outcome number of injurious fallers during follow-
up. *Blalock 2020 and Mahlknecht adjusted for clustering by review authors and the totals are design effect corrected totals. (c)
Forest plot of meta-analysis assessing medication review versus usual care, outcome number of injurious falls during follow-up.
*Mahlknecht adjusted for clustering by review authors and the totals are design effect corrected totals.

I’ =72% (Figure 2a). The GRADE assessment was very low
for this effect estimate (Supplementary Table 4). Sensitivity
analysis is shown in Supplementary Figure 9. The interven-
tions of the trials that were included in the meta-analysis are
shown in Table 1. The study that was not included in the
meta-analysis is described in the Supplementary Text 2.

Five of the seven studies evaluated falls after discharge.
In four of these studies pharmacotherapy optimisation inter-
ventions were performed. Two of these studies were pooled
for meta-analysis of the number of fallers, which resulted in
an RR 0f 0.97 (95% CI 0.74-1.28), with a heterogeneity of
I’ =15% (Figure 2b). The GRADE assessment was very low
for this effect estimate (Supplementary Table 4). Sensitivity
analysis is shown in Supplementary Figure 10. The interven-
tions of the trials that were included in the meta-analysis
are shown in Table 1. Two studies that were not included in
the meta-analysis and additional study investigating imple-
mentation of electronic deprescribing decision support tool
providing personalised deprescribing are described in the
Supplementary Text 2.

Studies conducted in the long-term care setting

Twenty-three studies conducted in long-term care facil-
ities were identified. Nine of the included studies were

individually randomised [50-58], eleven studies were
randomised by cluster [59—69] and three were stepped wedge
cluster RCTs [70—72]. Fifteen of the studies were conducted
in Europe [50, 52-54, 56, 58, 60-63, 65, 67-70], four in
North America [57, 64, 66, 72], three in Australia [51, 55,
59] and one in Singapore [71]. The sample size varied from
19 to 5,363 participants and the mean ages varied between
79 and 90 years. The study characteristics and results are
summarised in Supplementary Table 5 and the risk of bias
assessment is provided in Supplementary Figures 11 and 12.

Eleven of the 22 studies investigated medication reviews
or medication withdrawal plans. Five of these 11 studies
were pooled for meta-analysis of the number of fall-
ers, which resulted in an RR of 0.86 (95% CI 0.72-
1.02), with a heterogeneity of I* =0% (Figure 3a). The
GRADE assessment was moderate for this effect estimate
(Supplementary Table 6). Sensitivity and subgroup analyses
are shown in Supplementary Figure 13. Seven of these 11
studies were pooled for meta-analysis of the number of
falls, which resulted in an RaR of 0.93 (95% CI 0.64—
1.35), with a heterogencity of I* =92% (Figure 3b). The
GRADE assessment was very low for this effect estimate
(Supplementary Table 6). Sensitivity and subgroup analyses
are shown in Supplementary Figure 14. The interventions
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Table |. Medication review interventions in the meta-analysed studies

Study Intervention

Community

Blalock 2010 Medication review by community pharmacist with special attention to FRIDs.

When a drug therapy problem was identified, the pharmacist discussed it with the patient.
If patient was interested, pharmacist contacted their physician.

Blalock 2020 Community pharmacy staff screened patients for fall risk using STEADI algorithm.

If patient was screened positive, patient was eligible to receive a pharmacist-conducted medication review.
Recommendations were sent to patients” healthcare providers following the review.

Meredith Medication use improvement programme addressing for home healthcare patients: (i) unnecessary therapeutic duplication, (ii) cardiovascular
medication problems, (iii) use of psychotropic drugs in patients with possible adverse psychomotor or adrenergic effects and (iv) use of
non-steroidal anti-inflammatory drugs in patients at high risk of peptic ulcer complications.

Development of plan by pharmacist to address the identified problem and the plan presented for the physician.
The nurse assisted the patient with medication changes and monitoring the effect.

Messerli Polymedication Check, a community pharmacist-led medication review including a structured face-to-face counselling with the patient and
screening all medicines currently used.

Possible resulting interventions were for example consultation with the general practitioner (GP), referral of the patient, potential suggestion
and implementation of a weekly dose reminder system, an individual patient education and a medication plan.

Mahlknecht A review of patient’s medication regimens by three experts who gave specific recommendations for drug discontinuation. If at least two experts
concorded regarding a specific reccommendation, the respective recommendation and a brief explanation was forwarded to the respective GP.
The GPs were invited to reflect on the recommendations in a shared decision-making process with the patient.

Hospital

Blum A structured pharmacotherapy optimisation intervention jointly by a physician and a pharmacist at the individual level with the support of
CDSS deploying the STOPP/START criteria.

Gallagher Physician applied STOPP/START criteria. These were immediately discussed with the attending medical team and followed up with a written
communication within 24 hours. Medication changes were included in the discharge summary to the patient’s general practitioner.

Wehling A FORTA team instructed ward physicians on FORTA. The physicians convened with the FORTA-intervention team weekly, to discuss
medication plans. Physician’s own judgement was leading over FORTA-based suggestions.

Michalek

The drugs were evaluated according to the FORTA list and changed as guided by FORTA within the 1st week in the hospital if possible.

Long-term care facilities

Clinical medication review by a pharmacist including a review of the GP clinical records and a consultation with the patient and carer. The
pharmacist passed the formulated recommendations on a written proforma to the GP for acceptance and implementation.

Specially trained pharmacists visited intervention homes monthly for 12 months and reviewed residents’ clinical and prescribing information,
applied an algorithm that guided them in assessing the appropriateness of psychoactive medication and worked with GPs to improve the

Screening medications with STOPP/START criteria by study pharmacist followed up with recommendations to the chief physician. Review at

Multi-professional medication review meetings involving a clinical pharmacist and pharmacy technician, care home staff and GP(s) responsible
for the medical care of residents. Review at baseline and 6 months. The outcome of the meeting was an agreed medicine-related action plan
Receiving the services of the pharmacist transition coordinator for the patients transferring 1st time from hospital to long-term care facility
including medication management transfer summaries from hospitals, timely coordinated medication reviews by accredited community

STOPPFrail-guided deprescribing plan for the patients discharged from acute hospital to nursing home devised by the research physician. The
plan was communicated directly to one of the participant’s attending physicians and also documented in the patient’s medical record.

A medication review followed by the planned deprescribing of non-beneficial medicines. The aim was to reduce the total number of
medications. GP and a geriatrician who was also a clinical pharmacologist of older people led the review. The plan was implemented over

Zermansky
Patterson
prescribing of these drugs.
Frankenthal
baseline, 6 and 12 months later.
Desborough
Crotty 2004a
pharmacists and case conferences with physicians and pharmacists.
Curtin
Potter
several months. Participants were reviewed weekly during deprescribing.
Cateau 2020a

The intervention consisted of a deprescribing-focused medication review, performed by the pharmacists, followed by the creation of a
treatment-modification plan in collaboration with nurses and physicians. Once agreed upon by the professionals, the plan was submitted to
the participating resident, or her/his representative, before implementation.

of the trials that were included in the meta-analyses are
shown in Table 1. Three studies that were not included in
the meta-analysis are described in the Supplementary Text 2.

Furthermore, 12 other studies with various interventions
are described in the Supplementary Text 2.

Discussion

We conducted a comprehensive systematic review and meta-
analysis assessing the effectiveness of medication review and

6

deprescribing interventions as a single falls prevention inter-
vention by focusing on all care settings in which older people
receive healthcare. In total, 49 studies for the qualitative
synthesis were identified, with very heterogencous results
as well as interventions including medication review by a
healthcare professional, targeted FRIDs withdrawal by a
research team, educational interventions and implementa-
tion of CDSS. The heterogeneity precludes us estimating the
effect of medication review and/or deprescribing as a single
intervention. However, we assessed the effect of medication
reviews on different fall outcomes by pooling the studies
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A

Experimental Control Risk Ratio Risk Ratio
Study or Subgroup log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Michalek -1.9733 1.0431 37 36 38.1% 0.14[0.02,1.07] L f
Wehling 0.0808 0.288 100 103 61.9% 1.08[0.62,1.91)
Total (95% CI) 137 139 100.0% 0.50 [0.07, 3.50]

Heterogeneity: Tau*=1.52; Chi*= 3.60, df=1 (P = 0.06); F=72%
Test for overall effect: Z=0.70 (P = 0.48)

002 01 1 10 50
Favours intervention Favours control

B

Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Blum 0.0216 0.0841 891 821 88.6%  1.02(0.87,1.20] -—
Gallagher -0.4166 0.3943 180 178 11.4% 0.66 [0.30, 1.43]
Total (95% Cl) 1071 999 100.0% +

Heterogeneity: Tau®= 0.01; Chi*=1.18, df=1 (P = 0.28), F=15%
Test for overall effect. Z= 0.20 (P = 0.84)

0.97 [0.74, 1.28]

0.2 05 1 2 5
Favours intervention Favours control

Figure 2. (a) Forest plot of meta-analysis assessing evaluation of medications according to the FORTA criteria versus usual care,
outcome number of fallers during hospital admission. *Both trials adjusted for clustering by review authors and the totals are design

effect corrected totals. (b) Forest plot of meta-analysis assessing medication review versus usual care, outcome number of fallers after
hospital admission. *Blum adjusted for clustering by review authors and the totals of Blum are design effect corrected totals.

A Intervention Control Risk Ratio Risk Ratio
Study or Subgroup  log[Risk Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cateau -0.1382 0.3911 3 27 5.0% 0.87[0.40,1.87]

Crotty a 01718 0.264 44 44 11.0% 1.19[0.71,1.99]
Curtin -0.1011 0.3199 52 47  7.5% 0.90[0.48, 1.69]
Potter -0.1506 0.1709 45 48  26.3% 0.86 [0.62, 1.20] e

Zermansky -0.2356 0.1236 331 330 50.2% 0.79[0.62,1.01] ——

Total (95% CI) 503 496 100.0% 0.86 [0.72, 1.02] <l
Heterogeneity: Tau®= 0.00; Chi*=1.99, df=4 (P =0.74), F=0%

Test for overall effect: Z=1.75 (P = 0.08)

1 1 : | 1
05 07 15 2
Favours intervention Favours control

B

Intervention Control Rate Ratio Rate Ratio
Study or Subgroup log[Rate Ratio] SE Total Total Weight IV, Random, 95% CI IV, Random, 95% CI
Cateau -0.0645 0.3852 3 27 9.9% 0.94 [0.44,1.99]
Curtin -0.3888 0.27 52 47 12.5% 0.68[0.40,1.15]
Deshorough 0.0105 0.159 381 445 14.9% 1.01[0.74,1.38] s
Frankenthal -0.4855 0.1143 160 146 15.7% 0.62[0.49,0.77] —_—
Patterson 0.3581 0.1473 173 161 15.1% 1.43[1.07,1.91] —_——
Potter 0.5068 0.1076 45 48 15.8% 1.66 [1.34, 2.05] —
Zermansky -0.4855 0.0784 331 330 16.2% 0.62[0.53,0.72] e
Total (95% CI) 1173 1204 100.0% 0.93 [0.64, 1.35] —*
Heterogeneity: Tau®= 0.22; Chi*= 77.91, df= 6 (P < 0.00001); F=92% 055 05 1 155 %

Test for overall effect: Z= 0.38 (P = 0.70)

Favours intervention Favours control

Figure 3. (a) Forest plot of meta-analysis assessing medication review versus usual care among long-term care facility residents,
outcome number of fallers in follow up. (b) Forest plot of meta-analysis assessing medication review versus usual care among long-
term care facility residents, outcome number of falls in follow up. *Rate ratio of Patterson ez /., adjusted for clustering by review
authors. All of the totals are complete totals of the trials independent of trial design.

with a sufficiently comparable intervention (17 studies in
four different quantitative analyses). No significant effects on
fall outcomes of a medication review as a single intervention
were found for any of the settings. Thus, although multifac-
torial falls preventive interventions, including a medication
review, have been proven effective [3, 73], this cannot be

concluded for a medication review as a single intervention
in falls prevention. However, there was a trend for a lower
number of fallers in the meta-analysis assessing medication
reviews in long-term care possibly indicating that in a frail
subgroup of older persons, medication review intervention
might be effective also as a single intervention.
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To the best of our knowledge, there have not been previ-
ous meta-analyses pooling the studies regarding medication
reviews as a single intervention that reported falls during
or after admission to hospital as an outcome. Since the
number of identified trials was low, further studies in this
setting with sufficient power are warranted to detect poten-
tial differences in fall-related outcomes. Our findings in
community and long-term care settings are, overall, aligned
with previous systematic reviews regarding the effectiveness
of medication reviews as a single intervention in falls preven-
tion. Cameron ez a/. [11] found comparable effect estimates
for the studies conducted in long-term care facilities. Our
analysis for number of fallers resulted in a slightly lower
effect size due to the inclusion of two newer studies and, on
the other hand, exclusion of two studies concerning educa-
tional approach/outreach intervention and one concerning
implementation of a CDSS from the meta-analysis. Fur-
thermore, our meta-analysis regarding the studies conducted
in community, which included a newer study compared
to the meta-analysis by Gillespie ez a/. still resulted in a
similar non-significant effect estimate compared with their
analysis [10]. In addition, we were able to pool RCTs inves-
tigating injurious falls but these meta-analyses led to non-
significant findings. Thus, given the current evidence, there is
no strong support to perform a medication review as a single
intervention to prevent falls in any settings in which older
people receive healthcare. Nevertheless, this does not pre-
clude performing medication reviews as a general measure in
geriatric patients in different settings, aiming among others
to minimise the burden of adverse drug reactions, improve
quality of life and functioning [74]. Furthermore, a trend was
found in the meta-analysis of long-term care setting, and the
trial by Crotty ez al. included in the meta-analysis showing
the highest effect size was conducted probably in the least
frail population in comparison with the other studies [51].
Therefore, future studies in frail populations in all settings
are warranted.

On the other hand, some studies did show a significant
effect. First, in the trial by Campbell ez a/. [32], only patients
who were thought to benefit from the psychotropic with-
drawal were included, and the uptake of the deprescribing
intervention in this placebo-controlled trial was far beyond
the uptake of the interventions in other trials. Also, in the
trial by Frankenthal ez a/. [53], there was a high acceptance
rate of STOPP (82.4%) and START (92.6%) recommen-
dations by the chief physician. Interestingly, three further
studies showing an effect were educational interventions or
included an educational component [36, 62, 63]. This is
in line with evidence on effective implementation strategies
in general falls prevention as active training and support of
healthcare professionals is identified as an essential compo-
nent in these strategies [75], and education is identified as
one of the main facilitators of implementation efforts of
deprescribing [76]. This highlights the importance of con-
ducting future studies regarding educational interventions
on medication review and deprescribing interventions in falls

prevention and the importance of training and engaging the
providers.

There are several potential explanations for the lack of
significant findings in this systematic review. First, it should
be noted that the majority of the individual studies included
were not adequately powered to detect differences in fall-
related outcomes. Second, it might be that a medication
review as a single intervention is simply not sufficient to
induce a relevant decrease in fall risk. Falls are usually of a
multifactorial nature, warranting a multifactorial approach.
Thus, medication review and deprescribing interventions
should not be implemented as a stand-alone strategy in falls
prevention but should rather be a part of multimodal strategy
due to this multifactorial nature. Nevertheless, considering
the trend found in frail older persons, long-term care resi-
dents might already benefit even when FRID withdrawal is
introduced as a single intervention.

Third, the effect of FRIDs on fall risk appears to be
dependent on patient characteristics such as history of pre-
vious fall injuries [77]. These characteristics including co-
morbidities, frailty, other geriatric syndromes and patient’s
preferences should be taken into account when performing a
medication review. Therefore, a holistic assessment to apply
a personalised medication strategy instead of a stand-alone
one-time medication review is needed. The need for such an
assessment may explain the unsuccessful outcomes of trials
that took a simpler approach, and it may also explain the
low uptake that was occasionally present concerning advice
of the medication review. In particular, the acceptance of
recommendations provided by community pharmacists to
providers seems to be low. In a recent trial by Blalock ez
al. [40], ~15% of the providers planned to change the
medication based on the recommendations. There can be
healthcare professionals, individuals and the public, health-
care organisation and environment- (e.g. regulatory, pol-
icy, financial) related reluctance for deprescribing [78]. To
successfully implement deprescribing interventions, unique
barriers arising from all different levels of the healthcare
system should be considered [78].

Fourth, the interventions varied greatly in terms of
which medication classes were targeted, from focusing
on a single medication class of FRIDs to a complete
medication regimen. Moreover, even regarding the definition
of FRIDs, there were great differences between the trials,
varying between few psychotropic medication classes and
a comprehensive list of cardiovascular, psychotropic and
other medication classes making comparison difficult [25,
65]. For future studies, more comparability is warranted.
Recently, a European Delphi consensus effort has been
performed to develop a consensus FRIDs list and accom-
panying STOPPFall deprescribing tool [9]. Finally, the
compliance to deprescribing FRIDs is often poor. For
example, Campbell ¢z a/. demonstrated that deprescribing
can be difficult as 47% of the participants failed permanent
withdrawal of psychotropics, and in an RCT by Boye ez
al., 35% of attempted withdrawal was unsuccessful [25,
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32]. Provision of monitoring, support and documentation
of deprescribing decisions and the process undertaken that
led to these decisions are crucial for the long-term success
of deprescribing and are essential in both future trials and
clinical practice [79].

Limitations

There are several limitations to be mentioned. First, we were
only able to identify few studies conducted in hospital set-
tings, limiting the quality of evidence related to this setting.
Second, most of the studies conducted among community-
dwelling older adults were not targeted to only fallers even
though history of falls is the strongest fall risk factor. Thus,
future studies focusing on high-risk populations e.g. fall
clinic visitors are warranted. Third, majority of the identified
studies were medication review interventions and not tar-
geted FRIDs deprescribing interventions. Fourth, the meta-
analysis of number of fallers regarding medication reviews
in long-term care facilities led to very high heterogeneity,
and the source of the heterogeneity was not revealed in
our subgroup analyses. Fall rates are also vulnerable to non-
normal distribution as seen in trial by Potter e 4/., in which
three participants in the intervention group had >30 falls
[11]. Fifth, the quality of the included studies was low
or moderate according to the risk of bias assessment, and
definition for falls was often lacking. Sixth, the studies were
often small and not powered to detect differences in falls
outcomes, since falls were often measured as secondary out-
comes. Sixth, outcomes number of falls and number of fallers
were measured most often, and only a few studies evaluated
fall-related injuries. Finally, almost all of the studies were
conducted in Europe, North America or Oceania, limiting
the worldwide generalisability of the results.

Conclusion

In our systematic review and meta-analysis on the effective-
ness of medication review and deprescribing interventions
as a single intervention for falls prevention in older people,
no significant associations between medication reviews and
fall outcomes were found in any of the settings in which
older people receive healthcare. However, there was a trend
for a lower number of fallers in the meta-analysis assessing
medication reviews in long-term care, possibly indicating
that in a frail subgroup of older persons, medication review
might be effective even as a single intervention. Furthermore,
several other studies with heterogeneous interventions and
results not included in the meta-analyses were identified.
Since the conducted studies are very heterogencous, it is
difficult to estimate the effect of medication review and/or
deprescribing as a single intervention.

Based on the existing evidence, medication review and
deprescribing interventions should not be implemented as
a stand-alone strategy in falls prevention but as a part of
multimodal strategy due to the multifactorial nature of falls
[73]. The interventions should involve older individuals,

their representatives and healthcare professionals to focus
on the multidisciplinary team-centred approach to facili-
tate the implementation. For future, more studies actively
targeting FRIDs withdrawal are warranted, and also, more
comparability is needed in terms of targeted medication
classes.

Supplementary Data: Supplementary data mentioned in
the text are available to subscribers in Age and Aging online.
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