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A B S T R A C T

Background

A medication review can be defined as a structured evaluation of a patient's medication conducted by healthcare professionals with the
aim of optimising medication use and improving health outcomes. Optimising medication therapy though medication reviews may benefit
hospitalised patients.

Objectives

We examined the eGects of medication review interventions in hospitalised adult patients compared to standard care or to other types of
medication reviews on all-cause mortality, hospital readmissions, emergency department contacts and health-related quality of life.

Search methods

In this Cochrane Review update, we searched for new published and unpublished trials using the following electronic databases from 1
January 2014 to 17 January 2022 without language restrictions: the Cochrane Central Register of Controlled Trials (CENTRAL), MEDLINE,
Embase, the Cumulative Index to Nursing and Allied Health Literature (CINAHL), ClinicalTrials.gov and the WHO International Clinical Trials
Registry Platform (ICTRP). To identify additional trials, we searched the reference lists of included trials and other publications by lead trial
authors, and contacted experts.

Selection criteria

We included randomised trials of medication reviews delivered by healthcare professionals for hospitalised adult patients. We excluded
trials including outpatients and paediatric patients.

Data collection and analysis

Two review authors independently selected trials, extracted data and assessed risk of bias. We contacted trial authors for data clarification
and relevant unpublished data. We calculated risk ratios (RRs) for dichotomous data and mean diGerences (MDs) or standardised mean
diGerences (SMDs) for continuous data (with 95% confidence intervals (CIs)). We used the GRADE (Grades of Recommendation, Assessment,
Development and Evaluation) approach to assess the overall certainty of the evidence.
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Main results

In this updated review, we included a total of 25 trials (15,076 participants), of which 15 were new trials (11,501 participants). Follow-up
ranged from 1 to 20 months. We found that medication reviews in hospitalised adults may have little to no eGect on mortality (RR 0.96, 95%
CI 0.87 to 1.05; 18 trials, 10,108 participants; low-certainty evidence); likely reduce hospital readmissions (RR 0.93, 95% CI 0.89 to 0.98; 17
trials, 9561 participants; moderate-certainty evidence); may reduce emergency department contacts (RR 0.84, 95% CI 0.68 to 1.03; 8 trials,
3527 participants; low-certainty evidence) and have very uncertain eGects on health-related quality of life (SMD 0.10, 95% CI -0.10 to 0.30;
4 trials, 392 participants; very low-certainty evidence).

Authors' conclusions

Medication reviews in hospitalised adult patients likely reduce hospital readmissions and may reduce emergency department contacts.
The evidence suggests that mediation reviews may have little to no eGect on mortality, while the eGect on health-related quality of life
is very uncertain. Almost all trials included elderly polypharmacy patients, which limits the generalisability of the results beyond this
population.

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

What are the benefits and risks of medication reviews for hospitalised adults?

Key messages

Medication reviews in hospitalised adults likely reduce hospital readmissions but may have little to no eGect on mortality.

What is a medication review?

A medication review is a structured intervention conducted by healthcare professionals in order to optimise an individual patient’s
medication and improve health outcomes.

What did we want to find out?

Whether medication reviews improve the health of hospitalised adult patients.

What did we do?

We searched for trials that examined medication reviews compared with usual care or trials that examined two or more types of medication
reviews in hospitalised adults. We compared and summarised the results of the trials and rated our confidence in the evidence.

What did we find?

We found that medication reviews in hospitalised adult patients likely reduce hospital readmissions and may reduce emergency
department contacts. However, medication reviews may have little to no eGect on mortality, and it is unclear if medication reviews have
an eGect on health-related quality of life.

What are the limitations of the evidence?

Almost all trials included elderly patients taking a high number of medications, so we may not be able to generalise the results to other
types of patients.

How up to date is this evidence?

We searched electronic databases and other sources for trials that had been published up to January 2022.

Medication review in hospitalised patients to reduce morbidity and mortality (Review)
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Summary of findings 1.   Medication review compared with standard care for hospitalised adult patients

Medication review compared with standard care for hospitalised adult patients

Patient or population: hospitalised adult patients

Intervention: medication review

Comparison: standard care

Illustrative comparative risks* (95% CI)Outcomes

Assumed risk with
standard care

Corresponding risk with med-
ication review

Relative effect
(95% CI)

Number of partici-
pants
(trials)

Certainty of the
evidence
(GRADE)

High-risk population

200 per 1000a 194 per 1000
(174 to 216)

Very high-risk population

Mortality (all-cause)

Median follow-up 6 months (range 1 to
20 months)

400 per 1000a 388 per 1000
(332 to 432)

RR 0.96 (0.87 to
1.05)

10,108
(18 trials)

⊕⊕⊝⊝

Lowb,c

High-risk population

500 per 1000a 465 per 1000
(445 to 490)

Very high-risk population

Hospital readmission (all-cause)

Median follow-up 6 months (range 1 to
12 months)

650 per 1000a 605 per 1000
(579 to 637)

RR 0.93 (0.89 to
0.98)

9561

(17 trials)

⊕⊕⊕⊝

Moderated

High-risk population

300 per 1000a 249 per 1000
(204 to 309)

Hospital emergency department
contacts (all-cause)

Median follow-up 3 months (range 1 to
12 months)

Very high-risk population

RR 0.84 (0.68 to
1.03)

3527
(8 trials)

⊕⊕⊝⊝
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400 per 1000a 332 per 1000
(272 to 412)

Health-related quality of lifeg

Median follow-up 3 months (range 3 to
6 months)

— — SMD 0.10** (-0.10
to 0.30)

392

(4 trials)

⊕⊝⊝⊝

Very lowg,h

* The basis for the assumed riskwith standard care is provided in footnotes. The corresponding riskwith medication review (and its 95% confidence interval) is based
on the assumed risk in the comparison group and the relative effect of the intervention (and its 95% CI).

** > 0 favours medication reviews. 0.2 represents a small effect, 0.5 a moderate effect and 0.8 a large effect (Cohen 1988)

CI: confidence interval; NA: not applicable; RR: risk ratio. SMD: standardised mean difference

GRADE Working Group grades of evidence
High certainty: Further research is very unlikely to change our confidence in the estimate of effect
Moderate certainty: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate
Low certainty: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate
Very low certainty: We are very uncertain about the estimate

aThe assumed risk with standard care is based on published trial data. The ‘very high-risk’ estimates are based on the included trials with the highest risk in the control group
at 12 months follow-up for mortality (Gillespie 2009), hospital readmissions (Lea 2020) and emergency department contacts (Kempen 2021). The ‘high-risk’ estimates are based
on the included trials with the lowest risk (albeit still a high-risk, hospitalised population) in the control group at 12 months follow-up for mortality and hospital readmissions
(Scullin 2007) and emergency department contacts (Gillespie 2009).
bDowngrade for indirectness. Follow-up ranged from 3 to 20 months for mortality. In 13 of 18 trials follow-up was less than 12 months. Short follow-up may be inadequate as
changes to preventive medications may take years before having an eGect on mortality (downgraded 1 category for indirectness).
cThe 95% CI ranges from 0.87 to 1.05 and includes both important benefit and important harm (i.e. more than 5% change in mortality) (downgraded 1 category for imprecision).
dAnalysis restricted to ‘low’ risk of bias trials showed that the confidence interval overlapped 1 (downgraded 1 category for study limitations).
eThe 95% CI ranges from 0.68 to 1.03 and includes important benefit (i.e. more than 20% reduction in emergency department contacts) (downgraded 1 category for imprecision).
fSubgroup analysis comparing trials with ‘high’ and ‘low’ risk of bias showed that the eGect of medication reviews was smaller in trials with low risk of bias (interaction test: P
value = 0.07) (downgraded 1 category for study limitations).
gScales used to assess health-related quality of life: EuroQol-visual analogue scale (EQ-VAS) (3 trials) and QUALIDEM (1 trial).
hThe 95% CI ranges from -0.10 to 0.30 and includes important benefit, i.e. Cohen’s d of 0.2 (downgraded 1 category for imprecision).
iThe included trials all reported missing outcome data for 31% to 53% of participants, resulting in a high risk of attrition bias (downgraded 2 categories for study limitations).
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B A C K G R O U N D

Evidence links polypharmacy (most oWen defined as the use of
five or more medications (Masnoon 2017)) to an increased risk of
adverse events (e.g. falls) (Bourgeois 2010; Hallas 1996; Obreli-Neto
2012; Rothschild 2000; Ziere 2006), poorer medication adherence
(Pasina 2014), greater economic burden (Classen 1997), emergency
department contacts and hospital admissions (Kongkaew 2008;
Schneeweiss 2002; Zed 2008), drug-related deaths and overall
mortality (Ebbesen 2001; Gnjidic 2012). Therefore, it is important to
distinguish between appropriate and inappropriate polypharmacy
(Masnoon 2017). This is particularly relevant among elderly
patients, for whom the benefit-harm balance of each medication
might change with age-related physiological changes, frailty and
multiple coexisting conditions (El Desoky 2007; Mangoni 2004).
Generally, an increasing number of medications is associated with
an increasing number of inappropriate medications (Steinman
2006). The challenge of inappropriate polypharmacy is expected to
grow in the future, as individuals in most parts of the world live
longer with multiple chronic conditions and new treatment options
emerge (CDC 2011; Christensen 2009; European Communities 2006;
Pefoyo 2015; WHO 2019).

Several interventions have been developed to ensure the
appropriateness of prescribing and thereby improve clinical
outcomes (Cooper 2015; Rankin 2018; Spinewine 2007b), and
medication reviews constitute such an intervention. Medication
reviews vary from simple point-of-care medication list revisions
to comprehensive interventions necessitating access to all clinical
data and involvement of other healthcare professionals before
shared decision-making with the patient. To aid the process
of reviewing patients' medications, several criteria have been
formulated to identify potentially inappropriate medications,
especially for older adults (American Geriatrics Society 2019;
Hanlon 1992; Holt 2010; Laroche 2007a; McLeod 1997; Naugler
2000; O'Mahony 2015; Samsa 1994). However, the applicability
and eGectiveness of applying these various criteria in clinical
practice remains uncertain (Gallagher 2008b; Hill-Taylor 2016;
Laroche 2007b; Lozano-Montoya 2015; Lund 2010; O'Mahony 2020;
Spinewine 2007b).

Based on previous systematic reviews and meta-analyses of
randomised trials of medication review interventions (Christensen
2016; Dautzenberg 2021; Hohl 2015; Huiskes 2017; Renaudin 2016),
the eGect on clinical outcomes is uncertain and the best method
for conducting medication reviews is unknown. By updating one
of these reviews (Christensen 2016), we aim to clarify whether
medication reviews can reduce mortality, hospital readmissions,
emergency department contacts, adverse drug events and/or
increase health-related quality of life among hospitalised adult
patients. In several predefined subgroup analyses, we will also
examine whether some methods of medication review are more
eGective than others.

Description of the condition

Inappropriate medication use is a significant cause of patient
morbidity and mortality. Inappropriate medication use could
be the use of medications or combinations thereof with an
unfavourable benefit-harm balance, but may also include under-
use of medications. An unfavourable benefit-harm balance entails
that the harms (or risk thereof) of a given medication exceed
the beneficial eGects for an individual patient. This could include

the use of medications without correct indication or dosage,
with unfavourable interactions with certain conditions or other
medications, with unacceptable adverse eGects or risks, without
necessary biochemical monitoring, or with inadequate patient
adherence to therapy. In this review we focus on hospitalised adult
patients as this is a population with a high risk of inappropriate
medication use.

Description of the intervention

Any medication review delivered by healthcare professionals
with the aim of optimising medication use and improving
health outcomes, i.e. optimising the eGectiveness and minimising
the harms (without impairing the benefit) of the prescribed
medication.

How the intervention might work

More appropriate prescribing and medication use (i.e. ensuring
that treatment is correctly indicated and monitored and that the
individual patient receives the right medication and dosage) could
reduce harms and improve the eGectiveness of medication therapy,
possibly leading to reduced morbidity and mortality.

Why it is important to do this review

Medication reviews are performed in many parts of the world
in diGerent settings. However, despite the widespread use of
medication reviews, it is still uncertain whether medication reviews
for hospitalised adult patients reduce patient morbidity and
mortality. In addition, the best method for medication review is
presently unknown.

O B J E C T I V E S

We examined the eGect of medication review interventions in
hospitalised adult patients compared with standard care or other
types of medication reviews on all-cause mortality, hospital
readmissions, emergency department contacts and health-related
quality of life.

M E T H O D S

Criteria for considering studies for this review

Types of studies

We included randomised clinical trials (RCTs) in any language,
published or unpublished, with randomisation on an individual
level or an aggregated level (i.e. cluster-randomised trials).

Types of participants

We included trials of hospitalised adult patients (i.e. adult patients
admitted to hospital).

We excluded trials of outpatients, patients solely seen in the
emergency department (i.e. not admitted to a hospital) and
paediatric patients.

Types of interventions

We included any medication review of a patient's pharmacotherapy
delivered by a healthcare professional with the aim of optimising
medication use and improving health outcomes. The intervention
entails an evaluation of each medication's relevance, benefit and

Medication review in hospitalised patients to reduce morbidity and mortality (Review)
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harms in relation to the patient, and results in a recommendation
or a direct change in the medication. We included trials comparing
medication review with usual care or comparing two or more types
of medication reviews.

We excluded:

• trials aimed solely at increasing a patient's knowledge about
current medication, improving adherence or reducing costs;

• trials in which the results of medication review were to
be primarily implemented aWer discharge from hospital (e.g.
intervention consisting of a letter to the patient's general
practitioner);

• trials reviewing only portions of a patient's medication related
to a specific condition or to a single class of medications (e.g.
only diabetes medications or antidepressants were reviewed).

Types of outcome measures

We assessed the outcomes at the longest follow-up available in line
with the previous versions of this review.

Primary outcomes

• Mortality (all-cause)

Secondary outcomes

• Mortality (due to adverse drug events)

• Hospital readmission (all-cause)

• Hospital readmission (due to adverse drug events)

• Hospital emergency department contacts (all-cause)

• Hospital emergency department contacts (due to adverse drug
events)

• Adverse drug events (defined as when someone is harmed by a
medication)

• Health-related quality of life

We included any trial that reported follow-up data on either
primary or secondary outcomes. When outcome data were
reported at more than one time point, we used the outcome data
with the longest follow-up.

Search methods for identification of studies

Electronic searches

We searched the following electronic databases on 30 October 2019
and updated the search on 17 January 2022:

• Cochrane Central Register of Controlled Trials (CENTRAL) in the
Cochrane Library (1 January 2014 to 17 January 2022);

• MEDLINE (Ovid) (1 January 2014 to 17 January 2022);

• Embase (Ovid) (1 January 2014 to 17 January 2022);

• CINAHL (EBSCO) (1 January 2014 to 17 January 2022).

In addition, we searched the following trial registries on 30 October
2019 and updated the search on 17 January 2022:

• ClinicalTrials.gov;

• World Health Organization International Clinical Trials Registry
Platform (WHO ICTRP).

The search strategies were developed for Ovid MEDLINE and
were adapted for the other databases (Appendix 1). We used the
Cochrane RCT Sensitivity/Precision-Maximizing Filter to limit our
search to RCTs (Lefebvre 2011). In this update, we limited our search
from January 2014 as publications prior to 2014 would have been
identified in previous versions of the Cochrane Review. Search
strategies from the previous version of the review can be seen
in Appendix 1.

Searching other resources

We searched the reference lists of all included trials and relevant
reviews for additional trials. We searched MEDLINE (PubMed,
January 2022) for relevant publications by the lead authors (first
and last) of the included trials. We contacted content experts in
the field and corresponding with authors of the included trials to
identify additional trials.

Data collection and analysis

Selection of studies

Two review authors (CB, SSC) independently assessed trials
for inclusion in two rounds using Covidence systematic review
soWware (Covidence). First, we screened titles and abstracts for
potentially includable publications. Then we screened the full text
of all potential publications for inclusion. Disagreements were
resolved by discussion and if consensus could not be reached we
involved an additional review author (MC, AL).

Data extraction and management

Two review authors (CB, SSC) independently extracted data from all
included trials into a standardised data sheet. Disagreements were
resolved by discussion and if consensus could not be reached we
involved an additional review author (MC, AL).

Data included:

• Trial characteristics: author name, publication year, journal
name, methods of randomisation.

• Participants: number of participants, country, age, gender, type
of department, morbidities, medication history, inclusion and
exclusion criteria.

• Intervention: description of medication review, the profession
of the reviewer (pharmacist, physician, other), explanation of
how medication could be changed (recommendation by letter
to patient's general practitioner, meeting between pharmacist
and responsible physician, reviewing physicians responsible
for direct change of prescription) and implementation rate of
the suggested medication changes, co-interventions that could
influence the change in prescription.

• Outcome: outcome assessor, timing of outcomes.

• Results for each group and for each outcome at each time point;
number of participants randomly assigned and included in the
analysis; and number of participants who withdrew, were lost to
follow-up or were excluded.

• Other characteristics: funding source.

Assessment of risk of bias in included studies

Two review authors (CB, SSC) independently assessed each trial
and outcome for risk of bias using Cochrane’s tool for assessing risk
of bias in randomised trials (Higgins 2011a). We assessed trials as

Medication review in hospitalised patients to reduce morbidity and mortality (Review)
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having low, unclear or high risk of bias for the following domains:
random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment,
incomplete outcome data, selective reporting and other biases. In
addition, we assessed contamination bias (EPOC 2017), as specific
recommendations in medication review could also be applied
to similar participants in the control group (e.g. advice to stop
treatment with a specific medication). For cluster-randomised
and cross-over trials we assessed additional domains specific to
these designs using the items recommended in the Cochrane
Handbook for Systematic Reviews of Interventions (Higgins 2011b).
Disagreements were resolved by discussion and if consensus could
not be reached we involved an additional review author (MC, AL).

Measures of treatment e>ect

We used the risk ratio (RR) with 95% confidence intervals (CIs)
for dichotomous data, and for continuous data we used the mean
diGerence (MD) with 95% CIs or the standardised mean diGerence
(SMD) with 95% CIs if outcomes were measured using diGerent
scales. We analysed the mean scores of final assessments. When
interpreting results presented as SMDs we used the assumptions
of Cohen with 0.2 representing a small eGect, 0.5 a moderate
eGect and 0.8 a large eGect (Cohen 1988). If trials reported quality
of life data on more than one rating scale, we used the rating
scale we deemed most appropriate (e.g. in a trial recruiting mostly
patients with dementia, we included data from the dementia-
specific quality of life rating scale; Curtin 2020).

Unit of analysis issues

We included parallel-group, cluster-randomised trials and cluster-
randomised cross-over trials. To avoid unit of analysis error, when
possible we used data adjusted for clustering in cluster-randomised
trials (see  Data synthesis  below) and adjusted for clustering and
time eGect in the cluster-randomised cross-over trial (we received
reanalysed data from the trial authors). For the subgroup analysis
comparing extended versus basic medication reviews, we included
some trials in the analysis with three intervention arms (e.g.
extended medication review, basic medication review and standard
of care). For such trials we split the number of participants in the
standard of care group evenly amongst the two medication review
groups. When the standard of care group included an uneven
number of participants or events, we used random.org to randomly
allocate the last participant or event to either arm.

Dealing with missing data

We contacted the authors of all included trials by email requesting
missing data. In our primary analysis we used available case
analysis and in a sensitivity analysis we assumed that data were
available for all randomised participants (see Data synthesis and
Sensitivity analysis). Our sensitivity analysis can be viewed as a
form of imputation with zero events.

Assessment of heterogeneity

We assessed statistical heterogeneity using the I2 statistic across
trials in each analysis. We interpreted I2 values in line with the
guidance in the Cochrane Handbook for Systematic Reviews of
Interventions (Deeks 2022). Additionally, we visually inspected the
forest plots for signs of heterogeneity (e.g. non-overlapping CIs).

Assessment of reporting biases

We judged trials as having a low risk of selective outcome reporting
if outcomes in trial reports were reported in accordance with
the trial protocol or registry information and there was no other
evidence of selective outcome reporting (e.g. reported outcomes or
time points did not diGer from what was planned in the protocol). If
only some relevant outcomes (i.e. mortality and hospital contacts)
were reported and there was no information on pre-specification
of outcomes in the protocol or registry information, we judged
the trial as having low risk of selective outcome reporting if all
reported outcomes were negative (i.e. not statistically significant or
unfavourable and statistically significant) and having unclear risk
of bias if one or more reported outcomes were positive (favourable
and statistically significant). If some of the relevant pre-specified
outcomes were not reported, we judged the trial as having a high
risk of selective outcome reporting if one or more of the reported
outcomes were positive. We assessed the overall publication bias
using a funnel plot for our primary outcome (all-cause mortality).

Data synthesis

We analysed trials comparing medication review with standard
care and trials comparing diGerent types of medication review
separately. However, in multi-arm trials we pooled two or more
medication review intervention groups into a single group before
comparing to standard care. In our primary analysis, we included
trials randomised on an individual level and cluster-randomised
trials adjusted for clustering (i.e. excluding cluster-randomised
cross-over trials) and only assessed outcomes measured post-
discharge. The primary analysis was based on the available case
intention-to-treat principle. Patients who died in hospital were
only retained in our primary mortality analysis, and excluded
from the secondary analyses (e.g. hospital readmissions). Results
from trials not included in meta-analysis are reported descriptively
in the  EGects of interventions  section. We analysed the data
using Review Manager 5.4.1 (RevMan 2020). We calculated pooled
RRs and estimated 95% CIs using the Mantel-Haenszel method
for dichotomous data when the meta-analysis only included
individually randomised trials, and we used inverse variance
for analyses including cluster-randomised trials adjusted for
clustering. Due to the anticipated large heterogeneity in clinical
setting, patient population and methodology of medication
reviews between trials, we used a random-eGects model. Based
on the estimates of absolute risk reduction derived from Summary
of findings 1  we calculated the number needed to treat for the
main outcomes for ‘high-risk’ and ‘very high-risk’ populations when
the results suggested an intervention eGect of medication reviews.
For continuous data, we calculated pooled MDs for outcomes
measured on the same scale or SMDs for outcomes measured on
multiple scales, and estimated 95% CIs using the random-eGects
model with the inverse variance method.

Subgroup analysis and investigation of heterogeneity

We planned to explore our findings by performing the following
prespecified subgroup analyses.

• Trials of participants taking a mean of ≥ 10 diGerent medications
(oWen defined as excessive polypharmacy;  Masnoon 2017)
versus trials of participants taking a mean of < 10 diGerent
medications.

• Trials in which the medication review was performed by a
person or team with the capability of directly changing the
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participant’s medication versus trials where the medication
review was carried out by healthcare professionals who were not
allowed to change the participants’s medications, but could only
recommend changes to a responsible physician.

• Trials in which the medication review intervention explicitly
used published criteria (e.g. Beers’ criteria (Beers 1997), START/
STOPP criteria (Gallagher 2008a), or an electronic decision
support system based on these (O'Mahony 2020)) versus trials
in which the medication review intervention was non-criteria-
based.

• Trials with a high implementation rate (≥ 50%) of identified
drug-related problems versus trials with a low implementation
rate (< 50%). The implementation rate of identified drug-related
problems is used to describe the proportion of implemented
medication changes out of all suggested changes.

• Trials with an overall low risk of bias versus trials with an
overall high risk of bias. We defined overall low risk of bias
trials as trials with low risk of selection bias, detection bias and
selective outcome reporting concerning the relevant outcome.
In addition, cluster-randomised trials and cross-over trials
needed all design-specific domains to be low risk for the overall
risk of bias to be low. We judged all other trials as having an
overall high risk of bias.

• Trials with extended medication review interventions versus
basic medication review interventions. We defined extended
medication reviews as reviews that included intervention
components performed aWer the medication review, e.g. post-
discharge follow-up phone calls, motivational interviewing at
discharge, additional contact with general practitioners or other
co-interventions that can influence outcomes aWer the initial
medication review.

To minimise multiplicity issues, we restricted these subgroup
analyses to the dichotomous outcomes: mortality (all-cause),
hospital readmissions (all-cause) and hospital emergency
department contacts (all-cause).

Sensitivity analysis

We performed the following sensitivity analyses to test the
robustness of our findings:

• A full intention-to-treat sensitivity analysis assuming that data
were available for all randomised participants for the primary
outcome (i.e. in contrast to the primary analysis using available
case intention-to-treat analysis). This analysis assumes that
randomised participants with missing outcome data had no
events. Further, in the full intention-to-treat analysis of the
secondary outcomes that occurred aWer hospital discharge, we
excluded participants who died in hospital.

• An analysis using a fixed-eGect model.

• An analysis including cluster-randomised cross-over trials
adjusted for clustering and time.

Summary of findings and assessment of the certainty of the
evidence

We used the GRADE approach to assess the overall certainty of the
evidence (Guyatt 2008). We constructed a Summary of findings 1
for mortality (all-cause), hospital readmissions (all-cause), hospital
emergency department contacts (all-cause) and health-related
quality of life, as these were the most reliable and patient-relevant
outcomes. The conclusion is phrased in line with the GRADE
recommendations (Santesso 2020).

R E S U L T S

Description of studies

Results of the search

In this update, we identified 4614 new records in our database
search (Figure 1). By reading titles and abstracts, we excluded 4339
references. We obtained full-text publications for 275 references
and excluded 196 of these. The remaining 79 publications reported
on 15 new finished and published trials (Blum 2021; Bonetti
2018; Cossette 2017; Curtin 2020; Graabaek 2019; Gustafsson 2017;
Juanes 2018; Kempen 2021; Lea 2020; Lenssen 2018; Nielsen 2017;
O'Mahony 2020; Ravn-Nielsen 2018; Song 2021; SUREPILL 2015),
and 22 ongoing trials, which were included in our review.
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Figure 1.
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Figure 1.   (Continued)

 
We contacted the authors of seven of the 22 ongoing trials to inquire
about the status of the trials. We received a reply from all trial
authors. Three trials were still ongoing (ACTRN12618000979257
2018; LoGler 2014; NCT04028583 2019), and four were finished with

manuscripts under preparation (NCT03156348 2017; NCT03393299
2018; NCT03666793 2018; Ranaudin 2017).

In previous versions of the review, we obtained additional data
from three trials (Gillespie 2009; Lisby 2010; Lisby 2015). During this
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update of the review, we received additional data from seven trials
(Blum 2021; Gustafsson 2017; Kempen 2021; Lea 2020; Lenssen
2018; O'Mahony 2020; Ravn-Nielsen 2018). In addition, we received
additional descriptions of the methods for 12 trials (Bladh 2011;
Blum 2021; Bonnerup 2014; Cossette 2017; Gustafsson 2017; Juanes
2018; Kempen 2021; Lea 2020; Lenssen 2018; Lisby 2010; O'Mahony
2020; Ravn-Nielsen 2018).

In summary, with 10 trials included in the previous version
and 15 newly included trials, this review now includes 25 trials
(see Characteristics of included studies).

Included studies

Setting

The 25 trials included a total of 15,076 participants and reported
follow-up from 1 to 20 months. Trial reports were published
between 2006 and 2021. Two trials were conducted in the US (Farris
2014; Schnipper 2006), one in Canada (Cossette 2017), one in Brazil
(Bonetti 2018), one in South Korea (Song 2021), 18 in Europe (one in
Belgium (Dalleur 2014); six in Denmark (Bonnerup 2014; Graabaek
2019; Lisby 2010; Lisby 2015; Nielsen 2017; Ravn-Nielsen 2018); one
in Germany (Lenssen 2018); two in Ireland (Curtin 2020; Gallagher
2011); one in Northern Ireland (Scullin 2007); one in Norway (Lea
2020); one in Spain (Juanes 2018); four in Sweden (Bladh 2011;
Gillespie 2009; Gustafsson 2017; Kempen 2021); and one in the
Netherlands (SUREPILL 2015)). A multinational trial was conducted
in Switzerland, the Netherlands, Belgium and Ireland (Blum 2021)
and another in Ireland, Scotland, Spain, Italy, Belgium and Iceland
(O'Mahony 2020).

Nine trials included participants admitted to departments of
internal medicine (Bladh 2011; Bonnerup 2014; Dalleur 2014;
Gillespie 2009; Kempen 2021; Lea 2020; Lenssen 2018; Lisby 2010;
Scullin 2007), one was from a cardiology department (Bonetti
2018), one from a nephrology department (Song 2021), two from
surgical departments (Lisby 2015; SUREPILL 2015), three from
acute admission departments (Graabaek 2019; Nielsen 2017; Ravn-
Nielsen 2018), one from a general medicines service (Schnipper
2006), four from both internal medicine and surgical departments
(Blum 2021; Farris 2014; Gustafsson 2017; O'Mahony 2020), two
from a tertiary medical referral hospital (Gallagher 2011; Juanes
2018), and two did not specify which departments participants
were included from (Cossette 2017; Curtin 2020).

Participants

Fourteen trials used age as an inclusion criterion (nine trials
included participants of 65 years or older (Cossette 2017; Gallagher
2011; Graabaek 2019; Gustafsson 2017; Juanes 2018; Kempen 2021;
Lenssen 2018; Lisby 2015; O'Mahony 2020), two included 70 years or
older (Blum 2021; Lisby 2010), two included 75 years or older (Curtin
2020; Dalleur 2014) and one included 80 years or older (Gillespie
2009)). In general, the mean trial participant age was around 75
years (range of means: 53 to 87 years), the mean proportion of
women was 55% (range of means: 40% to 71%), and the mean
number of medications per participant was 9 (range of means: 7 to
16).

Design

Twenty-two trials were randomised at an individual level. Three
trials were cluster-randomised, of which one trial was at ward-
level at three hospitals (SUREPILL 2015), one trial at physician-

level at four hospitals (Blum 2021), and one trial at ward-level at
four hospitals in a cross-over design, where each ward acted as its
own control (Kempen 2021). Twenty trials compared medication
review with standard care (Bladh 2011; Blum 2021; Bonetti 2018;
Bonnerup 2014; Cossette 2017; Curtin 2020; Dalleur 2014; Gallagher
2011; Gillespie 2009; Gustafsson 2017; Lea 2020; Lenssen 2018;
Lisby 2010; Lisby 2015; Nielsen 2017; O'Mahony 2020; Schnipper
2006; Scullin 2007; Song 2021; SUREPILL 2015), four trials had
three intervention groups and compared two diGerent types of
medication reviews and standard care (Farris 2014; Graabaek 2019;
Kempen 2021; Ravn-Nielsen 2018), and one trial compared two
diGerent types of medication reviews (Juanes 2018).

Types of interventions

Who performed the medication reviews

The medication review was performed by a pharmacist in 13 trials
(Bladh 2011; Cossette 2017; Farris 2014; Gillespie 2009; Graabaek
2019; Gustafsson 2017; Juanes 2018; Lea 2020; Lenssen 2018;
Nielsen 2017; Ravn-Nielsen 2018; Schnipper 2006; Song 2021), by a
team of pharmacists and pharmacy technicians in two trials (Scullin
2007; SUREPILL 2015), by a physician in four trials (Curtin 2020;
Dalleur 2014; Gallagher 2011; O'Mahony 2020), by a pharmacist
and/or a physician specialised in clinical pharmacology in three
trials (Bonnerup 2014; Lisby 2010; Lisby 2015), by a team of
cardiovascular pharmacy residents and cardiologists in one trial
(Bonetti 2018), by a trained research physician and pharmacist in
one trial (Blum 2021) and by a pharmacist, who collaborated with a
physician and sometimes a nurse, in one trial (Kempen 2021).

The content of the medication reviews

Medication reviews were non-criteria-based in 19 trials. In six
trials, the medication review was done using published criteria:
the validated Screening Tool of Older Persons’ potentially
inappropriate Prescriptions (STOPP) criteria was used in two
trials (Dalleur 2014; Gallagher 2011); the latter trial also used the
Screening Tool to Alert to Right Treatment (START) criteria. In
two trials, the medication review was based on a computerised
decision support system encompassing the STOPP/START criteria,
i.e. SENATOR soWware (O'Mahony 2020), or the systematic tool to
reduce inappropriate prescribing (STRIP) soWware (Blum 2021). In
one trial, the medication review was done using the STOPPFrail
Screening Tool of Older Persons Prescriptions in Frail adults with
limited life expectancy criteria (Curtin 2020), and in one trial the
medication review was based on a web-based clinical decision
support system (MiniQ) (Bladh 2011).

In 19 trials, the intervention group received other co-interventions
(e.g. discharge counselling or written information to a primary care
physician) in addition to a basic medication review (see Appendix
2 for overview of co-interventions). In six trials there were no co-
interventions, i.e. interventions were basic medication reviews.

The implementation of the medication reviews

In six trials, the medication reviews resulted in a written
recommendation to the prescribing physicians (Farris 2014; Juanes
2018; Lisby 2010; Lisby 2015; Nielsen 2017; O'Mahony 2020), in eight
trials, the medication reviews were discussed with the prescribing
physicians (Bladh 2011; Blum 2021; Cossette 2017; Gustafsson
2017; Lea 2020; Lenssen 2018; Schnipper 2006; SUREPILL 2015), in
six trials the recommendations were both discussed and written
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down (Bonnerup 2014; Curtin 2020; Dalleur 2014; Gallagher 2011;
Graabaek 2019; Ravn-Nielsen 2018), and five trials did not specify
how the medication review was delivered (Bonetti 2018; Gillespie
2009; Kempen 2021; Scullin 2007; Song 2021).

The proportion of medication reviews that resulted in a
recommendation for medication changes in the medication review
group was reported in five trials and ranged from 58% to 91% in
the included trials (58% (Gallagher 2011), 60% (Schnipper 2006),
66% (Gustafsson 2017), 86% (Blum 2021), and 91% (Curtin 2020)).
The proportion of medication review recommendations that were
subsequently implemented by the prescribing physicians was
reported in 16 trials and ranged from 15% to 93% in the included
trials (15% (O'Mahony 2020), 18% (Lisby 2015), 36% (Bladh 2011),
39% (Lisby 2010), 40% (Dalleur 2014), 43% (Blum 2021), 55%
(Lea 2020), 57% (Graabaek 2019), 66% (Ravn-Nielsen 2018), 65%
(Bonnerup 2014), 72% (Lenssen 2018), 73% (Kempen 2021), 75%
(Gillespie 2009), 82% (Gustafsson 2017; Song 2021), 88% (Curtin
2020), and 93% (Gallagher 2011)).

Data not included in the meta-analysis

Four trials were not included in any of our meta-analyses due to
incomplete data or methodological issues; instead the results are
reported descriptively below. Two of these trials reported hospital
readmissions and hospital emergency department contacts as

a composite outcome and separate data on readmissions and
emergency department contacts could not be obtained from the
authors (Schnipper 2006; Song 2021). In one trial, a subgroup of
patients were randomised more than once and to both the control
and intervention groups for separate hospitalisations, and we were
unable to get separate data for the participants being randomised
only once (Cossette 2017). One trial had substantial methodological
shortcomings and we deemed the risk of bias too high to include
the trial in the meta-analysis and reported the results descriptively
instead (see Risk of bias in included studies) (SUREPILL 2015). We
did not include the cluster-randomised cross-over trial  Kempen
2021 in our primary meta-analyses due to the high to risk of bias
inherent to the cross-over design (Higgins 2022), but we included
it in the sensitivity analyses (see Analysis 4.7; Analysis 4.8; Analysis
4.9).

Excluded studies

See Characteristics of excluded studies for the complete list of
excluded studies with reasons for exclusion.

Risk of bias in included studies

The risk of bias in the included trials is described in the
Characteristics of included studies section (see Figure 2 and Figure
3 for a graphical display).

 

Figure 2.   Risk of bias graph: review authors' judgements about each risk of bias item presented as percentages
across all included studies. White spaces in this figure represent instances where it was not possible to make a
judgement regarding objective or non-objective outcomes.
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Figure 3.   Risk of bias summary: review authors' judgements about each risk of bias item for each included trial.
White spaces in this figure represent instances where it was not possible to make a judgement regarding outcomes
(e.g. outcome not included in relevant trial).
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Bladh 2011 + + − + + − + + − + − +

Blum 2021 + + − + + + + + + + + + − + + +

Bonetti 2018 + ? − + + + − − − ? − +

Bonnerup 2014 + + − + + + + + + + − ?

Cossette 2017 + + − + + − − + − +
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Figure 3.   (Continued)

Cossette 2017 + + − + + − − + − +

Curtin 2020 + + − + + + + − + + + + − + − +

Dalleur 2014 ? − − + − ? − −

Farris 2014 + + − + + + + ? ? ? ? + − +

Gallagher 2011 + + − + + − + + ? + − +

Gillespie 2009 + + − + + + + ? + + + + + + − +

Graabaek 2019 + + − + + + + + + + + ? − +

Gustafsson 2017 + + − + + + + + + + + + − +

Juanes 2018 + − − + + + + + + + − +

Kempen 2021 + + − + + + + + + + + + − −

Lea 2020 + + − + + + + − − +

Lenssen 2018 + − − + + + + − − + − +

Lisby 2010 + ? − + + + + + + + − + − +

Lisby 2015 + ? − + + + + + + + − + − +

Nielsen 2017 + + − + + + + + − +

O'Mahony 2020 + + − + + + + + − +

Ravn-Nielsen 2018 + + − + + + + + + − + ? + ? − +

Schnipper 2006 + + − + + + + + − − − − − ? − +

Scullin 2007 + ? − + + ? − + − −

Song 2021 + ? − + + + + ? − +

SUREPILL 2015 ? − − + + − − + + −

 
Allocation

We judged that 17 trials had a low risk of selection bias as they
reported adequate allocation sequence generation and allocation
concealment (Bladh 2011; Blum 2021; Bonnerup 2014; Cossette
2017; Curtin 2020; Farris 2014; Gallagher 2011; Gillespie 2009;
Graabaek 2019; Gustafsson 2017; Kempen 2021; Lea 2020; Nielsen
2017; O'Mahony 2020; Ravn-Nielsen 2018; Schnipper 2006; Scullin
2007). Four trials had an unclear risk of selection bias (Bonetti
2018; Lisby 2010; Lisby 2015; Song 2021) (for details see Appendix
3). Four trials had a high risk of selection bias (Dalleur 2014;
Juanes 2018; Lenssen 2018; SUREPILL 2015). In two of these,
the randomisation list was accessible to the person including
participants (Juanes 2018; Lenssen 2018). In one trial, it was not
described how the randomisation sequence was generated, but a
study nurse both generated the sequence and included participants
(Dalleur 2014). In the last trial, there was no description of the
method for cluster-randomisation, and both intervention groups
(each including participants from three surgical wards) had the
exact same number of participants, which we judged as unlikely
to have happened by chance (SUREPILL 2015). For details see
Appendix 3.

Blinding

We judged the risk of performance bias to be high in all
trials. Twenty-four trials described directly or indirectly that
participants or personnel were not blinded, whereas the remaining
trial was described as double-blinded (Dalleur 2014). However,
we deemed it unlikely that it is possible to blind the ward
physicians responsible for implementation of the medication
review intervention.

Nine trials reported blinded outcome assessment (Curtin 2020;
Farris 2014; Gillespie 2009; Gustafsson 2017; Kempen 2021;
Lea 2020; Lenssen 2018; Schnipper 2006; Song 2021), and the
remaining 16 trials did not report blinded outcome assessment.
For the outcomes mortality, readmissions and/or emergency
department contacts, we judged it unlikely that awareness of group
assignments would lead to a risk of detection bias and we judged
that these outcomes had a low risk of detection bias for all trials.

All eight trials assessing hospital readmissions due to adverse drug
events used blinded outcome assessment (i.e. low risk of detection
bias) (Blum 2021; Gillespie 2009; Graabaek 2019; Gustafsson 2017;
Kempen 2021; Lenssen 2018; Ravn-Nielsen 2018; Schnipper 2006).
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Two trials assessed hospital emergency department contacts due
to adverse drug events, of which one had blinded outcome
assessment (Schnipper 2006). We assessed the other trial as
having an unclear risk of detection bias as blinding of the
causality assessment was not described (Gillespie 2009). Six trials
assessed adverse drug events, of which five had blinded outcome
assessment (Blum 2021; Curtin 2020; Farris 2014; Lenssen 2018;
Schnipper 2006). We assessed the last trial as having a high risk of
detection bias as the assessment was performed by an unblinded
physician (Gallagher 2011).

Seven trials assessed health-related quality of life aWer a follow-
up period and we judged five of these trials as having low
risk of detection bias, as they either reported blinded outcome
assessment (Blum 2021; Bonnerup 2014), or sent questionnaires
to participants by postal mail (Lisby 2010; Lisby 2015; SUREPILL
2015). We assessed the remaining two trials as having a high risk
of detection bias (Bladh 2011; Curtin 2020). One trial because
the outcome assessors was not blinded (Bladh 2011), and the
other trial because participants were not blinded (Curtin 2020).
In the latter trial many participants had dementia, and the
outcome assessors (nurses) assessed health-related quality of life
(secondary outcome).

Incomplete outcome data

For the outcomes mortality, readmissions and/or emergency
department contacts, we judged that 18 trials had a low risk of
attrition bias due to almost complete follow-up in many cases
through national registers (Bladh 2011; Blum 2021; Bonnerup
2014; Curtin 2020; Gallagher 2011; Gillespie 2009; Graabaek 2019;
Gustafsson 2017; Juanes 2018; Kempen 2021; Lea 2020; Lenssen
2018; Lisby 2010; Lisby 2015; Nielsen 2017; O'Mahony 2020; Ravn-
Nielsen 2018; Song 2021). Five trials had a high risk of attrition
bias because of a relatively high loss to follow-up (15% to 58%)
or unbalanced loss to follow-up between groups (Bonetti 2018;
Cossette 2017; Dalleur 2014; Schnipper 2006; SUREPILL 2015). In
these trials participants may have been lost to follow-up because

of having an event (e.g. participant did not reply to telephone
concerning readmissions as participant was hospitalised). Two
trials had an unclear risk of attrition bias due to discrepancies
between participants reported lost to follow-up and participants
excluded from analysis (Farris 2014; Scullin 2007).

Of the seven trials reporting on health-related quality of life, all
had a high risk of attrition bias, primarily because of relatively high
loss to follow-up for this outcome (23% to 54%) (Bladh 2011; Blum
2021; Bonnerup 2014; Curtin 2020; Lisby 2010; Lisby 2015; SUREPILL
2015). For details, see Appendix 3.

Selective reporting

Eighteen trials had low risk of reporting bias (Bladh 2011; Blum
2021; Bonnerup 2014; Cossette 2017; Curtin 2020; Farris 2014;
Gallagher 2011; Gillespie 2009; Gustafsson 2017; Juanes 2018;
Kempen 2021; Lenssen 2018; Lisby 2010; Lisby 2015; Nielsen 2017;
O'Mahony 2020; Scullin 2007; SUREPILL 2015). We judged one trial
as having a high risk of selective outcome reporting (Lea 2020).
In the protocol, follow-up was planned to be up to 12 months,
and in the publication there was no statistically significant eGect
of medication reviews at 12 months, however the authors also
reported a statistically significant eGect of medication reviews on
mortality at 20 months, a time point that was not pre-specified
in the protocol. They did not report any other outcomes at 20
months (Lea 2020). We judged six trials as having unclear risk of
selective outcome reporting: five trials had no trial registrations
to compare with published results (Bonetti 2018; Dalleur 2014;
Graabaek 2019; Schnipper 2006; Song 2021), and for one trial the
protocol was dated aWer trial initiation and trial registration was
aWer trial completion (trial start September 2013, date of protocol
March 2014, trial completion April 2015 and trial registration March
2017 (Ravn-Nielsen 2018)).

The funnel plot for all-cause mortality showed no sign of
publication bias (Figure 4).
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Figure 4.
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Other potential sources of bias

Two trials were cluster-randomised and we judged that these had
low risk of contamination bias as all participants at a specific
ward received the same intervention (Blum 2021; SUREPILL 2015).
We judged the remaining 23 trials as having a high risk of
contamination bias as intervention components may have been
delivered unintentionally to other patients on the wards.

Twenty trials had a low risk of other bias. Four trials had a high risk
of other bias (Dalleur 2014; Kempen 2021; Scullin 2007; SUREPILL
2015), and one trial had an unclear risk of other bias (Bonnerup
2014). For details see Appendix 3.

E>ects of interventions

See: Summary of findings 1 Medication review compared with
standard care for hospitalised adult patients

Medication review compared with standard care for
hospitalised adult patients

See Summary of findings 1 for the main comparison.

Mortality (all-cause)

Nineteen trials reported all-cause mortality and of these we
included 18 trials with data from 10,108 participants and a median
follow-up of six months (range: 1 to 20 months) in a meta-analysis
(Analysis 1.1). We found that medication reviews in hospitalised
adults may have little to no eGect on mortality (risk ratio (RR)) 0.96,

95% confidence interval (CI) 0.87 to 1.05; I2 = 0%; low-certainty
evidence). The last trial is a cluster-randomised, cross-over trial
(Kempen 2021), and we included it in the sensitivity analysis
(Analysis 4.7).

Mortality (due to adverse drug events)

One trial reported in-hospital mortality due to adverse drug events
at six months follow-up (Ravn-Nielsen 2018). Mortality outside
the hospital was not assessed for causality (i.e. drug-related or
not) because of sparse information from the primary care sector
regarding the causes of death. In this trial the eGect of medication
reviews on in-hospital mortality due to adverse drug events was
uncertain (RR 0.69, 95% CI 0.24 to 1.96).

Hospital readmissions (all-cause)

Twenty-three trials reported all-cause hospital readmissions.
Seventeen trials with data from 9561 participants and a median
follow-up of six months (range: 1 to 12 months) reported all-cause
hospital readmissions as a dichotomous outcome and we included
them in a meta-analysis (Analysis 2.1). We found that medication
reviews in hospitalised adults likely reduce hospital readmissions

(RR 0.93, 95% CI 0.89 to 0.98; I2 = 0%; moderate-certainty evidence).
This corresponds to a relative risk reduction of 7%, equal to a
number needed to treat of 22 (95% CI 14 to 77) for a very high-risk
population and 29 (95% CI 18 to 100) for a high-risk population aWer
a median follow-up of six months (Summary of findings 1).

Medication review in hospitalised patients to reduce morbidity and mortality (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

Four trials reported continuous data for 448 participants with three
months of follow-up and we included them in a meta-analysis
(Analysis 2.2). The eGect of medication reviews on the number
of readmissions per participant was uncertain (mean diGerence

(MD) 0.01, 95% CI -0.14 to 0.17; I2= 26%). Three trials reported
continuous data for 1449 participants with 12 months of follow-up
and we included them in a meta-analysis (Analysis 2.3). The eGect of
medication reviews on the number of readmissions per participant

was uncertain (MD -0.13, 95% CI -0.28 to 0.03; I2 = 0%).

Six trials were not included in the meta-analysis. Two trials
reported the eGect of medication reviews on hospital readmissions
and hospital emergency department contacts as a composite
outcome (RR 1.02, 95% CI 0.65 to 1.61) (Schnipper 2006) and
RR 1.31, 95% CI 0.69 to 2.45 (Song 2021)). One trial reported
the eGect on 30-day post-discharge readmissions (i.e. not follow-
up at time of randomisation): the RR was 0.73 (95% CI 0.43 to
1.22) (Cossette 2017). Another trial reported the mean number of
hospital readmissions per participant at three months follow-up as:
0.73 (95% CI 0.37 to 1.09) in the medication review group, and 1.07
(95% CI 0.67 to 1.47) in the control group (P = 0.09) (Bonnerup 2014).
One trial reported hospital readmissions at three months: the RR
was 1.31 (95% CI 0.98 to 1.76) (unadjusted for clustering) (SUREPILL
2015). The last trial is a cluster-randomised cross-over trial and we
included it in the sensitivity analysis (Analysis 4.8) (Kempen 2021).

Hospital readmissions (due to adverse drug events)

Eight trials reported hospital readmissions due to adverse drug
events. Six trials with data from 4836 participants and a median
follow-up of six months (range: 6 to 12 months) reported
dichotomous data on hospital readmissions due to adverse drug
events and we included them in a meta-analysis (Analysis 2.4).
Medication reviews may reduce hospital readmissions due to

adverse drug events (RR 0.75, 95% CI 0.58 to 0.98; I2 = 63%).

Two trials also reported continuous data for hospital readmissions
due to adverse drug events for 428 participants with 12 months
follow-up and we included them in a meta-analysis (Analysis
2.5). Medication reviews may reduce the number of hospital
readmissions due to adverse drug events per participant (MD -0.18,

95% CI -0.26 to -0.10; I2 = 0%). One trial reported continuous data
for 329 participants with six months follow-up, and the eGect of
medication reviews on the number of readmissions due to adverse
drug events per participant was uncertain (MD 0.00, 95% CI -0.20 to
0.20) (Gustafsson 2017).

Two trials were not included in the meta-analysis. One
trial reported hospital readmissions and hospital emergency
department contacts due to adverse drug events as a composite
outcome (RR 0.52, 95% CI 0.16 to 1.72) (Schnipper 2006). The
second trial reported results as a hazard ratio (HR): HR 0.89, 95%
CI 0.69 to 1.16 for basic medication reviews versus usual care,
and HR 1.12, 95% CI 0.87 to 1.45 for extended medication review
versus usual care (Kempen 2021). The estimates were adjusted for
clustering, study period eGect and unplanned hospital visits 12
months before inclusion.

Hospital emergency department contacts (all-cause)

Fourteen trials reported all-cause hospital emergency department
contacts. Eight trials with data from 3527 participants with
a median follow-up of six months (range: 1 to 12 months)

reported dichotomous data on hospital emergency department
contacts and we included them in meta-analysis (Analysis 2.6). We
found that medication reviews in hospitalised adults may reduce

emergency department contacts (RR 0.84, 95% CI 0.68 to 1.03; I2 =
31%; low-certainty evidence).

Five trials reported continuous data on hospital emergency
department contacts. Of these, four trials reported continuous
data for 448 participants with three months of follow-up and
we included them in a meta-analysis (Analysis 2.7). The eGect
of medication reviews on the number of emergency department
contacts per participant was uncertain (MD -0.05, 95% CI -0.14

to 0.04; I2 = 0%). One trial reported continuous data for 368
participants with 12 months of follow-up and the medication
reviews may have reduced the number of emergency department
contacts per participant (MD -0.23, 95% CI -0.43 to -0.03) (Gillespie
2009).

Six trials were not included in the meta-analysis. Two trials
reported the eGect of medication reviews on hospital readmissions
and hospital emergency department contacts as a composite
outcome (Schnipper 2006; Song 2021) (see results above). One
trial reported the eGect of medication reviews on 30-day post-
discharge emergency department contacts (i.e. not follow-up at
time of randomisation): RR 1.02, 95% CI 0.63 to 1.63 (Cossette 2017).
One trial reported the eGect of medication reviews on the median
number of emergency department contacts per participant at 180
days post-discharge (median: 0 in all intervention groups, P = 0.87)
(Graabaek 2019). Another trial reported the eGect on the mean
number of emergency department contacts per participant at three
months (medication review group: 0.19, 95% CI 0.07 to 0.30, control
group: 0.25, 95% CI 0.06 to 0.43, P = 0.83) (Bonnerup 2014). The last
trial is a cluster-randomised cross-over trial and we included it in
the sensitivity analysis (Analysis 4.9) (Kempen 2021).

Hospital emergency department contacts (due to adverse drug
events)

One trial with data from 368 participants with 12 months of
follow-up reported the eGect of mediation reviews on emergency
department contacts due to adverse drug events as a dichotomous
outcome (RR 0.45, 95% CI 0.14 to 1.45) (Gillespie 2009). This trial
also reported continuous data on the eGect of medication reviews
on the number of emergency department contacts per participant,
which was uncertain (MD -0.03, 95% CI -0.07 to 0.01).

Adverse drug events

Five trials reported adverse drug events. One trial reported the
eGect of medication reviews on adverse drug events (RR 1.08, 95%
CI 0.53 to 2.18) (Schnipper 2006). Another trial reported the eGect
of medication reviews on falls as an adverse drug event (RR 0.69,
95% CI 0.33 to 1.46) (Gallagher 2011). Another trial reported the
eGect of medication reviews on falls and non-vertebral fractures as
adverse drug events (RR 0.90, 95% CI 0.48 to 1.69 for falls and RR
0.23, 95% CI 0.03 to 1.95 for non-vertebral fractures) (Curtin 2020).
One trial reported adverse events and adverse drug events as a
composite outcome (Farris 2014). We were unable to get separate
data on adverse drug events from the author and therefore we did
not include data for this outcome. The last trial reported the eGect
of medication reviews on falls (HR 0.96, 95% CI 0.79 to 1.15 (not
adjusted for clustering)) (Blum 2021).
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Health-related quality of life

Seven trials reported health-related quality of life using a variety
of scales. Two trials used the EuroQol-visual analogue scale (EQ-
VAS) (Lisby 2010; Lisby 2015), where patients provide an overall
assessment of their health. Three trials reported results measured
using both the EQ-VAS and EQ-5D (Blum 2021; Bonnerup 2014;
SUREPILL 2015). The EQ-5D is a five-dimensional health state
classification. One trial reported EQ-5D, EQ-VAS and self-rated
global health (Bladh 2011). One trial reported both ICECAP-O,
which targeted older people, and the QUALIDEM questionnaire, a
dementia-specific instrument (Curtin 2020). Four trials reported no
baseline assessment (Blum 2021; Lisby 2010; Lisby 2015; SUREPILL
2015).

Four trials with data from 569 participants and follow-up from three
to six months reported continuous data using either the EQ-VAS
or QUALIDEM and we included them in the meta-analysis (Analysis
2.8) (Bladh 2011; Curtin 2020; Lisby 2010; Lisby 2015). We found that
the eGect of medication reviews on health-related quality of life is
very uncertain (standardised mean diGerence (SMD) 0.10, 95% CI

-0.10 to 0.30; I2 = 0%; very low-certainty evidence).

Three trials were not included in the primary meta-analysis. One
trial reported the eGect of medication reviews on the EQ-VAS score
aWer a median follow-up of three months (medication review group
70, interquartile range (IQR) 60 to 80, and control group 70, IQR 60
to 80, P = 0.10) (SUREPILL 2015). One trial reported the eGect of
medication reviews on the EQ-VAS score aWer 12 months (adjusted
MD 2.26, 95% CI 0.18 to 4.34) (Blum 2021). The last trial reported
the eGect of medication review as the mean diGerence between
baseline and three months follow-up for EQ-5D (intervention group
0.03, 95% CI -0.02 to 0.08, control group 0.01, 95% CI -0.05 to 0.07,
P = 0.65) and EQ-VAS (intervention group 8.47, 95% CI 0.98 to 12.78,
control group 6.89, 95% CI 2.32 to 14.62, P = 0.72) (Bonnerup 2014).
We did not include data from Bonnerup 2014 in the meta-analysis
because data are reported for all participants in the intervention
group and not separately for the subgroup of participants that
received a medication review.

Subgroup analysis and investigation of heterogeneity

For the subgroup analysis we only report full results when the
interaction test had a P value of 0.1 or lower.

Comparison of trials with participants taking a ‘mean number
of ≥ 10 diGerent medications’ versus trials with participants
taking a ‘mean of < 10 diGerent medications’ uncovered little to
no diGerence in the eGect of medication reviews on mortality
(Analysis 3.1), or hospital readmissions (Analysis 3.2), but found
a seemingly stronger eGect of medication reviews on hospital
emergency department contacts in trials with a ‘mean number of <
10 diGerent medications’ (RR 0.59, 95% CI 0.38 to 0.94) compared
with trials with participants with a ‘mean number of ≥ 10 diGerent
medications’ (RR 0.97, 95% CI 0.86 to 1.10) (test for interaction: P =
0.04) (Analysis 3.3).

Comparison of trials with and without medication review based on
explicit criteria found little to no diGerence in the eGect on mortality
(Analysis 3.4), hospital readmissions (Analysis 3.5), and hospital
emergency department contacts (Analysis 3.6).

Comparison of trials with high and low implementation rates
found little to no diGerence in the eGect on mortality (Analysis
3.7), hospital readmissions (Analysis 3.8), and hospital emergency
department contacts (Analysis 3.9).

Comparison of trials with low overall risk of bias and high
overall risk of bias found no diGerence in the eGect on hospital
readmissions (Analysis 3.11), but found a seemingly stronger eGect
of medication reviews on mortality in trials with high overall risk
of bias (RR 0.82, 95% CI 0.68 to 0.99) compared with trials with low
overall risk of bias (RR 1.01, 95% CI 0.90 to 1.12) (test for interaction:
P = 0.06) (Analysis 3.10) and emergency department contacts in
trials with high overall risk of bias (RR 0.49, 95% CI 0.25 to 0.96)
compared with trials with low overall risk of bias (RR 0.93, 95% CI
0.83 to 1.06) (test for interaction: P = 0.07) (Analysis 3.12).

Comparison of trials of extended versus basic medication review
interventions found little to no diGerence in the eGect on mortality
(Analysis 3.13), hospital readmissions (Analysis 3.14), and hospital
emergency department contacts (Analysis 3.15).

Sensitivity analysis

Our sensitivity analysis using a full intention-to-treat analysis
yielded results fairly similar to our primary analysis for mortality
(Analysis 4.1), readmissions (Analysis 4.2), and emergency
department contacts (Analysis 4.3).

Our sensitivity analysis using a fixed-eGect model did not change
our results for mortality or hospital readmissions (Analysis 4.4;
Analysis 4.5), but the statistical precision for hospital emergency
department contacts increased somewhat using a fixed-eGect
model (RR 0.87, 95% CI 0.76 to 0.98) (Analysis 4.6) compared to a
random-eGects model (RR 0.84, 95% CI 0.68 to 1.03) (Analysis 2.6).

Our sensitivity analyses for mortality, hospital readmissions and
emergency department contacts including adjusted results from
the cluster-randomised cross-over trial  Kempen 2021  had results
fairly similar to our primary analyses (Analysis 4.7; Analysis 4.8;
Analysis 4.9).

Trials comparing two or more types of medication reviews

See  Appendix 4: 'Summary of findings table 2' for the main
comparisons between basic medication review interventions and
extended medication review interventions for hospitalised adult
patients. Only five of the included trials in this review compared
two types of medication reviews head-to-head within the same
trial, therefore we did not perform any subgroup analyses for this
comparison.

Mortality (all-cause)

Four trials with data from 2087 participants and follow-up ranging
from 3 to 12 months reported all-cause mortality and we included
them in meta-analysis (Analysis 5.1) (Farris 2014; Graabaek 2019;
Juanes 2018; Ravn-Nielsen 2018). We found that it is very uncertain
whether there is a diGerence in the eGect on mortality between
extended medication reviews and basic medication reviews (RR

1.27, 95% CI 0.95 to 1.71; I2 = 0%; very low-certainty evidence).

Hospital readmissions (all-cause)
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Four trials reported all-cause hospital readmissions and, of these,
we included three trials with data from 1918 participants and
follow-up ranging from 3 to 12 months in a meta-analysis (Analysis
5.2) (Farris 2014; Graabaek 2019; Ravn-Nielsen 2018). We found
that extended medication reviews may have little to no eGect on
hospital readmissions compared with basic medication reviews (RR

0.99, 95% CI 0.73 to 1.26; I2 = 58%; low-certainty evidence).

One trial not included in the meta-analysis compared the eGect
of medication reviews on hospital readmissions and hospital
emergency department contacts as a composite outcome and
found that the eGect of basic medication reviews compared with
extended medication review interventions had an eGect of RR 1.05
(95% CI 0.66 to 1.66) (Juanes 2018).

Hospital emergency department contacts (all-cause)

Three trials reported all-cause hospital emergency department
contacts. Of these, two trials with data from 1522 participants
and follow-up ranging from three to six months were included
in the meta-analysis (Analysis 5.3) (Farris 2014; Ravn-Nielsen
2018). We found that extended medication reviews likely have
little to no eGect on hospital readmissions compared with basic

medication reviews (RR 1.00, 95% CI 0.71 to 1.41; I2 = 0%;
moderate-certainty evidence). One trial not included in the meta-
analysis reported hospital readmissions and hospital emergency
department contacts as a composite outcome (see results above)
(Juanes 2018).

Sensitivity analysis

Our sensitivity analysis using a full intention-to-treat analysis
yielded results fairly similar to our primary analysis for mortality,
hospital readmissions and hospital emergency department
contacts (Analysis 6.1; Analysis 6.2; Analysis 6.3).

Our sensitivity analysis using a fixed-eGect model did not change
our results for mortality (Analysis 6.4) or hospital emergency
department contacts (Analysis 6.6), but the statistical precision
increased for hospital readmissions (RR 0.94, 95% CI 0.83 to 1.06)
(Analysis 6.5) compared to a random-eGects model (RR 0.99, 95%
CI 0.78 to 1.26).

D I S C U S S I O N

Summary of main results

In this Cochrane Review, we included 25 trials enrolling
15,076 hospitalised adults and comparing a medication review
intervention to standard care or to a diGerent type of medication
review intervention. The participants were primarily elderly
patients receiving polypharmacy and trial follow-up was variable,
ranging from 1 to 20 months. We found that medication reviews
may have little to no eGect on mortality, likely reduce hospital
readmissions, and may reduce emergency department contacts.
The evidence is very uncertain about the eGect of medication
reviews on health-related quality of life and also whether diGerent
types of medication reviews are more eGective than others.
Sensitivity analyses did not significantly alter the results.

Overall completeness and applicability of evidence

We included trials with hospitalised adult patients as this
population is at high risk of medication harms and, at the same

time, has a high risk of mortality, hospital contacts and a further
decline in health-related quality of life. The mean age of trial
participants was around 75 years, and the median number of
medications taken was around eight. As almost all trials included
elderly patients receiving polypharmacy, the generalisability of
results is limited beyond this population, e.g. to younger and
perhaps less frail patients receiving fewer medications and with
a lower risk of readmissions. The number needed to treat was 22
for a very high-risk population and 29 for a high-risk population
to prevent one hospital readmission for a median follow-up of
six months. Nonetheless, follow-up diGered greatly between the
trials. Only 30% (n = 7) of the trials had follow-up at 12 months for
one or more outcomes and a large proportion (43%, n = 10) had
a follow-up of only one to three months. The short follow-up in
the trials should be a caveat when interpreting the results of this
review, bearing in mind that many medications are used for chronic
diseases, where drug harms may occur aWer long-term treatment
(e.g. bleeding ulcers from non-steroidal anti-inflammatory drugs
(NSAIDs)) or for risk conditions with long-term prevention in mind
(e.g. treatment of dyslipidaemia or diabetes for prevention of
cardiovascular disease).

Mortality was only a primary outcome in one trial (Bonetti 2018),
but it was reported as an outcome in all but five trials (Cossette
2017; Lenssen 2018; Schnipper 2006; Song 2021; SUREPILL 2015).
Only a single trial found an eGect on mortality, with a 30% relative
risk reduction in mortality at 20 months (Lea 2020). However,
the large eGect should be interpreted with caution, as the time
point was not prespecified in the protocol and the prespecified 12-
month results showed a relative risk reduction of 21%, which was
not statistically significant. We did not identify any specific trial
characteristics that could explain the marked eGect on mortality
not seen in the other included trials and therefore the eGect may
likely be spurious.

Five trials reported hospital readmissions due to drug-related
adverse events (Gillespie 2009; Graabaek 2019; Gustafsson 2017;
Lenssen 2018; Ravn-Nielsen 2018). We found that medication
reviews resulted in a relative risk reduction of 25% in hospital
readmissions due to drug-related adverse events. However, it is
possible that a medication review resulting in the discontinuation
of medications might minimise adverse drug events, but lead to
the undertreatment of other conditions. For example, less use of
antihypertensives could lead to fewer readmissions due to falls,
but more readmissions due to stroke. Unfortunately, evaluations of
both overtreatment and particularly undertreatment are subjective
and may be inconsistently captured as an adverse drug event
due to heterogeneity in definitions and methods for obtaining
the outcome across trials. Consequently, the eGect of medication
reviews on hospital readmissions and emergency department
contacts due to adverse drug events should be considered with
caution.

We excluded trials of interventions solely aimed at increasing
knowledge of or adherence to medication as well as interventions
that were only related to a specific part of the medication or had
to be implemented aWer discharge. Nonetheless, the interventions
in the 25 included trials diGered regarding the content of the
medication review, and many trials included additional co-
interventions (see Appendix 2). Based on this review, it is diGicult
to tease out the eGects of the individual components of the
medication review interventions. Medication review interventions
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generally consist of a medication reconciliation and a critical review
of the prescriptions. The co-interventions most oWen involved
communication across health care sectors with written information
to primary care physicians (n = 10) and/or discharge counselling (n
= 11).

Our subgroup analysis found a stronger eGect of medication
reviews on hospital emergency department contacts in trials
where participants used a mean of fewer than 10 medications as
opposed to trials where participants used a mean of 10 or more
medications. However, as this finding goes against the anticipated
intervention eGect and was not consistent across outcomes, it is
likely a spurious finding. Our subgroup analysis comparing trials in
which the medication review intervention explicitly used published
criteria with trials in which the medication review intervention
was non-criteria-based found no diGerence in eGect. Criteria-based
medication reviews may be more uniform and should guide the
physician to parts of the patient’s medication that might need to
be adjusted. Nevertheless, it cannot be ruled out that some trials
might have used the criteria in the intervention without stating
it. Our subgroup analysis revealed no diGerence in eGect between
trials with co-interventions (i.e. extended medication reviews) and
trials with medication reviews alone (basic medication reviews),
nor did we find any diGerences in eGect between head-to-head
trials comparing diGerent types of medication reviews. However,
the content of the medication reviews varied within the trials
(e.g. use of patient interviews focusing on patient knowledge and
preferences, use of laboratory results, and contact with relatives
or home nurses), and this might influence the eGect of the trials,
as much as any co-interventions. The subgroup analysis of trials
with high risk of bias versus trials with low risk of bias showed
a diGerence in eGect on mortality and on hospital emergency
department contacts in favour of a stronger eGect in trials with
high risk of bias. Because of this, our results for these outcomes
should be interpreted with caution since bias could lead to an
overestimation of the true intervention eGect and this is also
reflected in the lower certainty of evidence. Some of the included
trials had a relatively low level of implementation, but surprisingly
our subgroup analysis comparing trials with a high implementation
rate with trials with a low implementation rate did not reveal any
diGerences in eGect – again highlighting the heterogenous nature
of the medication review interventions.

Medication review interventions are time-consuming and hence
costly. Therefore, it is relevant to assess whether the interventions
are cost-eGective. Four of the included trials estimated the cost
of a medication review per participant to be between 24 to 170
USD (Gillespie 2009; Gustafsson 2017; Kempen 2021; Ravn-Nielsen
2018; Rasmussen 2019 (secondary analysis of Ravn-Nielsen 2018);
Sjölander 2019 (secondary analysis of Gustafsson 2017)). A formal
health economic analysis has been published based on one of
these trials (Ravn-Nielsen 2018), and it reported no diGerence
in overall societal cost between the groups and concluded that
the costs of the additional time used on medication reviews,
patient interviews and follow-ups outweighed the decrease in costs
of readmissions (Rasmussen 2019 secondary reference of  Ravn-
Nielsen 2018). A future cost-eGectiveness analysis based on data
from our Cochrane Review could contribute to a general cost-
benefit analysis of medication review interventions.

Quality of the evidence

All studies included in this review were randomised trials, and we
included data from 25 trials with 15,076 participants, contributing
to the high statistical precision for many of our eGect estimates.
Overall, we rated the certainty of evidence from very low to
moderate. Most of the included trials had some issues related to
risk of bias, some had problems due to imprecision or indirectness,
and some had issues with inadequate reporting. The nature
of the intervention precludes blinding of participants, which
may introduce performance bias. We judged outcomes to have
a low risk of bias when outcome assessors were unaware of
group assignment and when outcomes were fairly objective (e.g.
readmissions), but whether this was suGicient to prevent detection
bias is debatable. Further, most included trials had low risk of
attrition bias due to almost complete follow-up through national
registers for the important outcomes mortality and readmissions.
As only a minor proportion of trials (24% of all participants) had
high or unclear risk of attrition bias is unlikely to substantially
impact the overall results and our interpretation.

Another important source of bias is contamination bias. Although it
seems unlikely that participants in the control groups should have
received a similar intervention, some contamination bias might
have occurred, e.g. increasing physicians' and nurses' focus on
appropriate pharmacotherapy, thereby introducing bias towards
the null. Surprisingly we only identified two cluster-randomised
trials with a design more able to minimise contamination
bias (Blum 2021; SUREPILL 2015), though one of the trials
had considerable methodological shortcomings (SUREPILL 2015).
Another cluster-randomised trial also had a cross-over design,
where around 15% of participants in the standard of care
group also received an unintended medication review component
(Kempen 2021). Furthermore, since included wards acted as both
intervention and control arms in the trial the risk of contamination
bias was marked. Nevertheless, the inclusion of the cluster-
randomised cross-over trial in the sensitivity analysis did not alter
the main findings significantly.

Potential biases in the review process

Our review was done using standard Cochrane methodology, based
on a comprehensive literature search and is further strengthened
by the inclusion of unpublished data. Our original version was
based on a peer-reviewed Cochrane protocol and the changes
for this update were decided before data extraction, except for
the inclusion of the sensitivity analyses with adjusted data from
the cluster-randomised cross-over trial (see DiGerences between
protocol and review).

Agreements and disagreements with other studies or
reviews

Many reviews have attempted to examine the eGects of medication
review on hospitalised adult patients. A systematic review assessed
the impact of in-hospital, pharmacist-led medication reviews
and reported no eGect on mortality, all-cause readmissions or
all-cause emergency department contacts, though a beneficial
eGect of medication reviews on drug-related readmissions was
found (Renaudin 2016). A more recent systematic review included
randomised and quasi-randomised trials and assessed the eGect
of medication review as an isolated intervention and with several
co-interventions for preventing hospital readmissions in older
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adults (Dautzenberg 2021). The review reported that medication
reviews in combination with medication reconciliation, patient
education, professional education and transitional care reduced
hospital readmissions compared to usual care. However, without
co-interventions there was no eGect of medication reviews. In
our review, we did not find a diGerence in eGect for trials with
or without co-interventions (i.e. extended medication reviews). In
future trials, the focus should be on examining which combination
of medication review components and co-interventions may yield
the strongest eGects.

In this review, we report a beneficial eGect on readmissions
(moderate-certainty evidence), which was not found in the previous
version of the review (Christensen 2016), though the point
estimates were quite similar and the findings could be due to
increased statistical power of the analysis in the current review.

A U T H O R S '   C O N C L U S I O N S

Implications for practice

This systematic review provides evidence that medication reviews
for hospitalised elderly polypharmacy patients likely reduce
hospital readmissions and may reduce emergency department
contacts. However, the beneficial eGect of reviewing patients'
medication does not seem to expand to increased survival, and
the eGect on quality of life is very uncertain. Based on our data,
it seems reasonable to implement medication reviews in some
form for hospitalised patients to prevent readmission. However, it
is uncertain which form of medication review is most eGective.

Implications for research

Future trials of medication reviews should ensure a high
implementation rate, long follow-up and assess the impact of
diGerent types of co-interventions on intervention eGects. For
example, by using a factorial design. The evidence for an eGect
on health-related quality of life is limited and future trials should
include this important outcome, preferably using a generalisable
measure (e.g. EQ-5D) and try to minimise risk of attrition bias
from loss to follow-up. Furthermore, risk of contamination bias
is an important issue when investigating the eGect of medication
reviews and use of a cluster-randomised design may minimise such
bias. However, such trials should appropriately adjust for clustering

and transparently report their methodology so that data may be
included in future meta-analyses.
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Characteristics of included studies [ordered by study ID]

 

Study characteristics

Methods Randomised controlled trial

Participants 400 participants randomised (199 to medication review and 201 to control)

Patients admitted to 2 internal medicine wards at a university hospital in Sweden

Median (IQR) age: medication review group 81 (72 to 87) years, control group 82 (75 to 86) years

39% male

Median number of drugs: 7 (+1 drug on demand)

Interventions Medication reviews were performed with a computer support system (MiniQ) that identified potentially
inappropriate prescribing (PIP) according to 3 drug-specific quality indicators, and included oral feed-
back to prescribing physicians. PIPs were (1) drugs that should be avoided in the elderly, for example
long-acting benzodiazepines and drugs with anticholinergic action, (2) 3 or more psychotropic drugs
(i.e. antipsychotics, anxiolytics, hypnotic-sedatives and antidepressants) and (3) potentially serious
drug-drug interactions: Category D interactions according to the Pharmaceutical Specialties in Sweden
(FASS) specifying drug combinations that should be avoided.
Participants in the control group received normal care.

Outcomes Primary outcome: EQ-5D index
Secondary outcomes: 'self-rated global health' (registered as an integer from 1 (very poor) to 5 (very
good)) and 'attitudes towards the medication report' (evaluated by questionnaires sent to participants'
GPs after discharge from hospital)

PIP items: (1) drugs that should be avoided in the elderly, (2) 3 or more psychotropics and (3) potential-
ly serious interactions

Potential drug-related problems (DRPs) identified only in the intervention group (mortality not report-
ed as an outcome per se)

All outcomes had 6 months of follow-up

Notes Funding: Swedish National Board of Health and Welfare

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Participants were randomised (1:1) to intervention or control group. Two per-
sons without knowledge about the study protocol performed the randomisa-
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tion using sequentially numbered envelopes. Authors confirm that the alloca-
tion sequence was generated using random generator software.

Allocation concealment
(selection bias)

Low risk A ward physician or nurse judged whether the medical condition of the patient
allowed inclusion in the study. Sequentially numbered, sealed envelopes were
opened after participant details were written and transferred to the assign-
ment card via a carbon paper inside the envelope.

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

High risk Not described, but probably not blinded.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Mortality data were likely gathered from a non-biased national register
(through unique patient-specific social security number).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Readmission data should be unbiased, as they were gathered from a non-bi-
ased register.

Blinding of outcome as-
sessment (detection bias)
Health-related quality of
life

High risk It was not stated whether the person who called the participants and asked
about EQ-5D was blinded to group allocation. The trial authors confirmed that
the person who called the participants was not blinded.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk No missing data were described; all data should be available from a non-bi-
ased national register.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk No missing data were described; all data should be available from a non-bi-
ased national register.

Incomplete outcome data
(attrition bias)
Health-related quality of
life

High risk The HRQL follow-up was completed for 204 participants (59%). Lost to fol-
low-up: intervention group 69 (20 died, 7 declined, 42 not reached despite re-
peated attempts), control group 72 (15 died, 6 declined, 51 not reached de-
spite repeated attempts).

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were collected and were similar to information provided
on www.clinicaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Bladh 2011  (Continued)
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Methods European multicentre, cluster-randomised, controlled trial

Participants 2008 participants randomised (963 to 54 intervention clusters and 1045 to 56 control clusters)
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Participants admitted to 4 study centres in Bern (Switzerland), Utrecht (the Netherlands), Brussels (Bel-
gium) and Cork (Ireland); 85 medical clusters and 25 surgical clusters

Median (IQR) age: 79 (74 to 84) years

56% male

Median (IQR) number of drugs: medication review group 10 (7 to 13), control group 9 (7 to 12)

Interventions Intervention group:

Pharmacotherapy optimisation based on the Systematic Tool to Reduce Inappropriate Prescribing
through (1) systematic medication review by a physician and a pharmacist, with support of the STRIP
Assistant, a software-based tool taking into account the predictable adverse medication effects, advis-
ing safe and appropriate therapy using established STOPP/START criteria, monitoring clinically relevant
interactions and dosing appropriately in accordance with renal function, (2) drug discussion and adap-
tation with the prescribing physician, (3) shared decision-making with the patient and (4) generation of
a report with specific recommendations for the patient’s general practitioner.

Control group:

Usual practice and a sham intervention using a questionnaire (Medication Adherence Measure Ques-
tionnaire, ©MMAS30–32*) by a team member (the physician or the pharmacist) to mimic the interven-
tion and improve blinding of the patient and other blinded team members.

Outcomes Primary outcome: drug-related hospital admission within 1 year after enrolment

Secondary outcomes: number of any hospitalisations, mortality, number of falls, quality of life, degree
of polypharmacy, activities of daily living, patient’s drug compliance, as well as the number of signifi-
cant drug–drug interactions, drug overuse and underuse and potentially inappropriate medication

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. This project was also partially
funded by the Swiss National Scientific Foundation (SNSF 320030_188549).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk In this study design, each prescribing hospital physician defines a cluster.
Physicians were allocated 1:1 to either the intervention arm or the control
arm, using a probabilistic minimisation method implemented by a web-based
clinical trial management system (WebSpirit hosted by the Clinical Trials Unit
(CTU) Bern). Minimisation was done according to country to ensure a balanced
distribution of hospitals. The minimisation algorithm was implemented using
randomisation lists generated by an independent statistician in Stata (Stata-
Corp., Stata Statistical Software Version 14).

Allocation concealment
(selection bias)

Low risk Only system administrators who were otherwise not involved in the conduct of
the trial had access to the randomisation lists, to ensure concealment of allo-
cation.

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

High risk 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. The participants, hospital doctors and general practition-
ers were partially blinded and received only general information on the trial
without specific details about the intervention.

Blum 2021  (Continued)
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Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Outcome assessors were fully blinded.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Outcome assessors were fully blinded.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk An independent blinded adjudication committee at each trial site, consist-
ing of doctors and pharmacists, consecutively adjudicated all hospital admis-
sions (both medical and surgical) for drug relatedness according to a previous-
ly published standardised adjudication guideline. When a hospital admission
(at the index hospital or any other hospital) was identified, a second unblinded
team gathered data on hospital admission and concealed all information iden-
tifying the intervention allocation before sending it to the adjudication team
outcome assessors who were fully blinded.

Blinding of outcome as-
sessment (detection bias)
Adverse drug events

Low risk Outcome assessors were fully blinded.

Blinding of outcome as-
sessment (detection bias)
Health-related quality of
life

Low risk The teams conducting follow-up telephone calls were fully blinded.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk During follow-up, 10 (0.5%) participants were lost to follow-up (7 in the inter-
vention group and 3 in the control group), and 118 (5.9%) withdrew from the
trial (50 in the intervention group and 62 in the control group).

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk During follow-up, 10 (0.5%) participants were lost to follow-up (7 in the inter-
vention group and 3 in the control group), 118 (5.9%) withdrew from the tri-
al (50 in the intervention group and 62 in the control group), and 385 (19.2%)
died (179 in the intervention group and 206 in the control group).

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

Low risk During follow-up, 10 (0.5%) participants were lost to follow-up (7 in the inter-
vention group and 3 in the control group), 118 (5.9%) withdrew from the tri-
al (50 in the intervention group and 62 in the control group), and 385 (19.2%)
died (179 in the intervention group and 206 in the control group).

Incomplete outcome data
(attrition bias)
Adverse drug events

Low risk During follow-up, 10 (0.5%) participants were lost to follow-up (7 in the inter-
vention group and 3 in the control group), 118 (5.9%) withdrew from the tri-
al (50 in the intervention group and 62 in the control group), and 385 (19.2%)
died (179 in the intervention group and 206 in the control group).

Incomplete outcome data
(attrition bias)
Health-related quality of
life

High risk Loss to follow-up was 41% for the medication review group and 38% for the
control group.

Selective reporting (re-
porting bias)

Low risk No unpublished outcomes when paper is compared to published protocol or
trial registration at clinicaltrials.gov

Contamination bias Low risk Cluster-randomised. Cluster-randomisation was at the doctor and not hospi-
tal level. Physicians may have worked in the same department, but the wards

Blum 2021  (Continued)
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were in distinct locations, and each physician was responsible for his/her own
non-overlapping ward.

Other bias Low risk No evidence of other types of bias.

Recruitment bias: low risk of bias (support for judgement: to limit selection
bias, the recruitment team were fully blinded).

Baseline imbalance: low risk of bias (support for judgement: Table 1 suggests
no major baseline imbalance).

Loss of clusters: low risk of bias (support for judgement: no loss of clusters).

Incorrect analysis: low risk of bias (support for judgement: adjusted for cluster-
ing).

Comparability with individually randomised trials: low risk of bias (support for
judgement: allocated by attending physician resulting in patients being admit-
ted to different wards, so no risk of herd effect).

Blum 2021  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 133 participants were randomised (66 to medication review and 67 to control)

Participants were admitted to the cardiology ward at a Brazilian tertiary hospital

Mean age: 65 years

Mean number of medications at discharge: intervention 7 (± 2), control: 8 (± 3)

Interventions Patients who were allocated to the intervention group or their caregivers received individual coun-
selling sessions regarding the discharge prescriptions. These sessions included a thorough assessment
of the pharmacotherapy and interventions from cardiologists in order to correct any medication issues,
as well as an explanation about the indications, benefits, therapeutic targets, dose, dosing schedule,
routes, storage, length of therapy, refill pharmacy and possible adverse drug events for each prescribed
drug. A leaflet containing the information provided in the verbal counselling was delivered by the phar-
macists. Subsequently, patients were contacted by telephone 3 and 15 days post-discharge to reinforce
the previous counselling session. All pharmacist interventions were performed and described accord-
ing to the Descriptive Elements of Pharmacist Interventions Characterization Tool (DEPICT).

The control group received usual care from pharmacists and other healthcare providers.

Outcomes Primary outcome: mortality rate, hospital readmissions (related and unrelated to heart disease) and
emergency department visits (related and unrelated to heart disease) within 30 days

Secondary outcomes: medication adherence based on the results of the MedTake, Beliefs about Med-
icines Questionnaire (BMQ), and Adherence to Refills and Medications Scale (ARMS) instruments, all
completed 30 days post-discharge

Notes Funding: not described

Risk of bias

Bias Authors' judgement Support for judgement

Bonetti 2018 
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Random sequence genera-
tion (selection bias)

Low risk Eligible patients were allocated to either the intervention group or control
group in a 1:1 ratio using a random number list generated by a third person us-
ing Microsoft Office Excel 2010.

Allocation concealment
(selection bias)

Unclear risk Two cardiovascular pharmacy residents were responsible for patient enrol-
ment according to the eligibility criteria and for performing the intervention. It
is unclear whether including staG knew allocation group.

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

High risk Not described, but probably not blinded.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Not everyone in the ambulatory setting was blinded to the group allocation,
but mortality is objective and will likely not be influenced by the lack of blind-
ing.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Outcomes were assessed by asking patients and not by records. "We asked the
patients whether they visited emergency departments during this period and
whether they were admitted to another hospital" (page 2 methods section).
Not everyone in the ambulatory setting was blinded to the group allocation,
but the outcome of readmissions is objective and will likely not be influenced
by the lack of blinding.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Outcomes were assessed by asking patients and not by records. "We asked the
patients whether they visited emergency departments during this period and
whether they were admitted to another hospital" (page 2 method section). Not
everyone in the ambulatory setting was blinded to the group allocation, but
the outcome of readmissions is objective and will likely not be influenced by
the lack of blinding.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

High risk Loss to follow-up: intervention: 15% (9/60), control: 16% (10/63). Authors were
contacted but did not reply. The trial had considerable loss to follow-up. Mor-
tality was likely not assessed through registries and reason for dropout was
stated as “patients did not attend the ambulatory”. Thus, despite loss to fol-
low-up being balanced there is a substantial risk that these high-risk partici-
pants may have been lost to follow-up because of death.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

High risk Loss to follow-up: intervention: 15% (9/60), control: 16% (10/63).

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

High risk Loss to follow-up: intervention: 15% (9/60), control: 16% (10/63).

Selective reporting (re-
porting bias)

Unclear risk No clinical trial to compare protocol and publication of results.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Bonetti 2018  (Continued)
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Study characteristics

Methods Randomised controlled trial

Participants 375 participants randomised (124 to high-risk subgroup: 64 to medication review and 60 to control
group)

Patients admitted to 1 acute medical department at a university hospital in Denmark

Mean age: medication review group (not available), control group 78.2 years; mean number of drugs:
11.0

Interventions Patients presenting with risk of prescribing errors identified by a risk score called MERIS (ranging from
0 to 37). A MERIS score between 14 and 26 warranted a medication review by a clinical pharmacist,
whereas a risk score ≥ 26 led to medication review by a clinical pharmacologist. Medication reviews
consisted of (1) collecting information concerning the participant's drug treatment and the clinical sta-
tus of the participant, (2) conducting a participant interview and (3) performing a critical examination
of a participant's overall drug treatment. Recommendations or information arising from the medica-
tion reviews were delivered to hospital physicians as a note in the electronic medical record. If fast re-
sponse was needed (e.g. if the participant was about to be discharged, if urgent action was required),
the note was accompanied by direct contact with a physician. 

Participants in the control group received usual care.

Outcomes Primary outcome: number of prescribing errors during participants' hospitalisation

Secondary outcomes: health care utilisation (divided into all-cause readmissions, contacts with gen-
eral practitioners and visits to emergency departments), health-related quality of life, mortality

All outcomes had 90 days of follow-up (after hospital discharge)

Notes Funding: not described

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was generated by a computer program in the hospital pharma-
cy in random blocks of a maximum of 20.

Allocation concealment
(selection bias)

Low risk Sequentially numbered, opaque and sealed envelopes containing randomisa-
tion codes were delivered to study pharmacists who allocated participants.

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

High risk Not described, but probably not blinded.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Mortality data were taken from a non-biased national register (participants
identifiable through unique patient-specific social security numbers).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Readmission data were taken from a non-biased national register.

Blinding of outcome as-
sessment (detection bias)

Low risk Emergency department contacts were taken from a non-biased national regis-
ter.

Bonnerup 2014 
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Hospital emergency de-
partment contacts (all-
cause)

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk No missing data were described; all data should be available from a non-bi-
ased national register.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk No missing data were described; all data should be available from a non-bi-
ased national register.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk No missing data were described; all data should be available from a non-bi-
ased national register.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were collected and were similar to information provided
on www.clinicaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Unclear risk Only participants with high risk of prescription errors (35%) received a med-
ication review out of all participants allocated to the medication review group.
Baseline data for this subgroup were not reported, and we therefore judged
the trial as having unclear risk of other biases.

Bonnerup 2014  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 321 participants were randomised (162 to medication review and 159 to control)

Participants were admitted at the Centre Hospitalier Universitaire de Sherbrooke, Québec, Canada

Mean age: 81 years

40% male

Interventions Medication review group: CAS-based pharmacist-physician intervention. For the intervention group,
the study pharmacist analysed the CAS alerts daily and determined their clinical relevance based on
their clinical experience. For clinically relevant alerts, the pharmacist then developed a geriatric phar-
maco-therapeutic plan to be discussed with the treating physician to reduce PIM use.

The clinical relevance of the CAS alerts in the control group was only determined by the study pharma-
cists after the control patient was discharged from the hospital.

Participants in the control group received usual care.

Outcomes Primary outcome: change in medication, defined as the number of discontinued drugs or drugs with a
dosage decrease out of the total number of drugs for which the pharmacist suggested a drug cessation
or dosage decrease. The change in medication was evaluated within 48 hours after the CAS.

Cossette 2017 
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Secondary outcomes: length of stay, emergency room visits and readmissions within 30 days of hospi-
tal discharge, and in-hospital death

Notes Funding: grant from the Merck funds of the Faculty of Medicine and Health Sciences of the University of
Sherbrooke

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Eligible patients were randomly assigned to the control and intervention
groups with a 1:1 ratio using block sizes of 2, 4 and 6 and stratification by hos-
pital site. Individuals with no clinical involvement in the trial generated the
randomisation sequence using SAS version 9.4 (SAS Institute Inc., Cary, NC,
USA) and programmed its implementation using a computer that produced
daily the lists of intervention and control patients.

Allocation concealment
(selection bias)

Low risk No description of who enrolled participants. The trial authors were contact-
ed to explain the allocation concealment further. Their reply was as follows:
“Every evening at midnight, an automated extraction of ALL hospitalised pa-
tients was made and put in a file (inaccessible to us). An automated algorithm
was started 15 min later to see if there is a flag related to our inclusion crite-
ria or if the patient had already been randomised for that visit and a second
list was then generated only with patients who were flagged and were not ran-
domised during their active visit. The system then randomised by assigning
flagged patients to either the control group or the intervention group. The
pharmacist then accessed a web page showing ONLY the patients in the inter-
vention group.”

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

High risk Blinding of the pharmacists and physicians conducting the interventions was
not feasible.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Not described but will not likely influence readmission.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Not described but will not likely influence ED contacts.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

High risk Loss to follow-up: 20.9% (61/ 292). Loss-to follow-up was unevenly distributed
between groups (of the 61 participants lost to follow-up 26% were in the con-
trol group and 74% were in the intervention group). High risk of bias due to the
large dropout with uneven distribution.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

High risk Loss to follow-up: 20.9% (61/ 292). Loss-to follow-up was unevenly distributed
between groups (of the 61 participants lost to follow-up 26% was in the con-
trol group and 74% were in the intervention group). High risk of bias due to the
large dropout with uneven distribution.

Selective reporting (re-
porting bias)

Low risk No evidence of selective reporting. Number of falls from randomisation to the
end of the hospitalisation was a prespecified secondary outcome according

Cossette 2017  (Continued)
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to clinicaltrials.gov record, but not reported in the publication. Other reported
outcomes were negative.

Contamination bias High risk No cluster-randomisation. Of 98 physicians caring for study participants, 44%
took care of patients in both the intervention and control groups leading to
high risk of contamination bias.

Other bias Low risk 231 patients were included in the analysis: 209 had 1 hospitalisation, 21 had
2 hospitalisations and 1 had 3 hospitalisations. Ten patients were included in
both the control and intervention groups for separate hospitalisations. We as-
sessed that the relatively small cross-over effect is not likely to influence the
results.

Cossette 2017  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 130 participants were randomised (65 to medication review and 65 to control)

Participants were admitted to 2 acute hospitals (Cork University Hospital and Mercy University Hospi-
tal, Ireland)

Mean age: 85 years

38% male

Mean number of regular prescribed medications: 11

Interventions After baseline data collection was completed, the research physician used the STOPPFrail criteria to
identify de-prescribing targets. 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 document-
ed in the patient’s medical record. The attending physician assessed whether to accept the drug with-
drawal plan and implement the recommended changes.

Participants in the control group received usual pharmaceutical care (i.e. hospital physician and phar-
macist care).

Outcomes Primary outcome: mean change in the number of long-term prescribed medicines consumed by par-
ticipants at 3 months after randomisation

Secondary outcomes: measured at 3 months and included the following:

• Unscheduled medical reviews and emergency transfers after discharge from the acute hospital

• Falls and non-vertebral fractures after discharge from the acute hospital

• Changes in prescriptions of neuroleptic antipsychotic medications

• Changes in 28-day cost of participants’ prescription medications

• Changes in participants’ quality of life (measured by the QUALIDEM instrument and the ICECAP-O
questionnaire)

• Mortality

Notes Funding: Denis Curtin, Emma Jennings and Denis O’Mahony are supported by the European Union’s
Horizon 2020 research and innovation programme (grant number 634238).

Risk of bias

Curtin 2020 
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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 The attending physicians and participants were not blinded to intervention or
control group allocation.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Outcome data were collected by 3 research physicians who were blinded to
the group allocation of participants.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Outcome data were collected by 3 research physicians who were blinded to
the group allocation of participants.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Outcome data were collected by 3 research physicians who were blinded to
the group allocation of participants.

Blinding of outcome as-
sessment (detection bias)
Adverse drug events

Low risk Outcome data were collected by 3 research physicians who were blinded to
the group allocation of participants.

Blinding of outcome as-
sessment (detection bias)
Health-related quality of
life

High risk Outcome data were collected by 3 research physicians who were blinded
to the group allocation of participants. They contacted directors of nursing
homes by telephone and requested that a nurse or care assistant, familiar with
the participant, complete the QUALIDEM instrument. Where possible, the ICE-
CAP-O was to be completed by the same person who completed the question-
naire at baseline. In some instances, the research physicians contacted the rel-
evant person by telephone to complete the ICECAP-O.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk One participant withdrew from the intervention group during follow-up. 1 of
65 in medication review group and 0 of 65 in control group were lost to fol-
low-up. Judged as low risk.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk One participant withdrew from the intervention group during follow-up.
Judged as low risk.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk One participant withdrew from the intervention group during follow-up.
Judged as low risk.

Curtin 2020  (Continued)
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Incomplete outcome data
(attrition bias)
Adverse drug events

Low risk One participant withdrew from the intervention group during follow-up.
Judged as low risk.

Incomplete outcome data
(attrition bias)
Health-related quality of
life

High risk High loss to follow-up:

ICECAP-O: intervention group 64% (38/59), control group 51% (30/59)

QUALIDEM: intervention group 37% (22/59), control group 36% (21/59)

Selective reporting (re-
porting bias)

Low risk No unpublished outcomes when paper is compared to trial registration at clin-
icaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Curtin 2020  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 158 participants randomised (77 to medication review and 81 to control)

Patients admitted to non-geriatric medical wards at a teaching hospital in Belgium

Median (IQR) age: medication review 84 years (81 to 87), control 86 (81 to 89) years

37% male

Median number of drugs: 7

Interventions Each participant's medications were routinely reviewed by the inpatient consultation team geriatri-
cian, who used an implicit approach (i.e. no explicit tool was used). In the intervention group, in ad-
dition to the usual inpatient geriatric consultation team care, geriatricians performed the following 2
steps: (1) they applied 64 STOPP criteria to systematically screen the list of medications being taken by
the patient on admission for potentially inappropriate medications (PIMs) (‘duplicate drug classes’ was
not considered because the concept of duplication is perceived differently by clinicians), and (2) they
made oral and written recommendations to the ward physician during hospitalisation for discontinua-
tion of PIMs.

Participants in the control group received standard care from the inpatient geriatric consultation team.

Outcomes Primary outcome: proportion of PIMs discontinued (or corrected in case of dosage-related or dura-
tion-related PIMs) between hospital admission and discharge (according to the discharge letter)
Secondary outcomes: (1) characteristics associated with discontinuation of PIMs at discharge, (2) pro-
portion of PIMs that were still discontinued 1 year after discharge and (3) clinical significance of STOPP-
related recommendations. Mortality after 1 year was also reported.

Notes Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Dalleur 2014 
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Random sequence genera-
tion (selection bias)

Unclear risk Eligible patients were allocated by the study nurse to control or intervention
group by simple randomisation using drawing of lots (without matching for
age or geriatric profile). No description of how drawing of lots was performed.

Allocation concealment
(selection bias)

High risk Study nurse assigned participants and performed randomisation using an ap-
parently open design, which could lead to lack of allocation concealment.

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

High risk Attending ward physician (responsible for prescriptions during hospitalisa-
tion and at discharge), outcome evaluator and participants were blinded to
group assignment, but it is unlikely that it is possible to blind ward physicians
responsible for patient care and implementation of the intervention.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Study nurse provided the outcome evaluator with a list of participants includ-
ed in the trial, which did not specify allocation group.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

High risk Follow-up data on mortality were not available for 58% of randomised partici-
pants.

Selective reporting (re-
porting bias)

Unclear risk The trial had no trial registrations to compare with published results and we
therefore judged it as having unclear risk of selective outcome reporting.

Contamination bias High risk Participants in the control group were treated at the same wards (as interven-
tion group participants) and there is therefore a risk of contamination bias.

Other bias High risk The paper states: "In order to avoid contamination bias, two of the four geria-
tricians involved in the inpatient geriatric consultation team during the study
period were allocated to the intervention group because they used the STOPP
criteria in their current practice, while the other two, who had never worked
with the STOPP criteria, were allocated to the control group". This entails a risk
of unevenly distributed physician competencies.

Dalleur 2014  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 936 participants randomised (314 to enhanced medication review, 315 to minimal medication review,
313 to control)

Participants admitted to departments of internal medicine, family medicine, cardiology and or-
thopaedics at a Midwestern Academic Health Centre in the USA

Mean age: 61.0 years

Mean number of drugs: 11.0

Interventions Participants in the minimal and enhanced intervention groups received medication reconciliation at
admission and pharmacist visits every 2 to 3 days for patient education during inpatient stay, discharge
counselling and discharge medication list. Counselling was tailored for each participant and focused
on goals of therapy, medication administration and barriers to adherence including cost and patient
concerns. Participants in the enhanced intervention group also received a telephone call 3 to 5 days
post-discharge, and primary care physician and community pharmacist received a discharge care plan
focused on medication changes and recommendations. The care plan was faxed to the primary care
physician and to the community pharmacist within 24 hours of discharge but usually within 6 hours.

Farris 2014 
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The care plan included the discharge medication list, plans for dosage adjustments and monitoring
and recommendations for preventing adverse drug events, with participant-specific concerns such as
adherence or cost issues highlighted.

The control group received usual care. Usual care was medication reconciliation at admission accord-
ing to hospital policy, nurse discharge counselling and a discharge medication list for patients. The
usual care discharge summary was transcribed and received in the mail by the primary care physician
several days or weeks after discharge.

Outcomes Primary outcome: Medication Appropriateness Index (MAI)
Secondary outcomes: adverse events, preventable adverse events as a composite variable of com-
bined hospital readmission, emergency department visit or unscheduled general practitioner office vis-
it during 30-day and 90-day follow-up periods

Notes Funding: the National Heart, Lung and Blood Institute (1RO1 HL082711). Drs Carter, Kaboli and Chris-
tensen were also supported by the Comprehensive Access and Delivery Research and Evaluation
(CADRE), Department of Veterans Affairs, Veterans Health Administration, Health Services Research and
Development Service (HFP 04–149).

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomised according to a statistician-generated randomisation scheme.

Allocation concealment
(selection bias)

Low risk Allocated to groups by sequentially numbered envelopes

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

High risk Participants and staG were aware of interventions, but not whether allocation
was to minimal or enhanced group medication review.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Records from the primary care provider and the pharmacy were obtained for
all participants. Hospitalisation records were obtained from the university hos-
pital and from community hospitals, when such an event occurred. Research
staG were blinded.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Trained research assistants contacted all participants by telephone to gather
self-reported adverse events and symptoms and self-reported healthcare utili-
sation. Primary care provider and pharmacy records were obtained for all par-
ticipants. Hospitalisation records were obtained from the university hospital
and from community hospitals when such an event occurred. Research staG
were blinded when assessing readmission data

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Trained research assistants contacted all participants by telephone to gather
self-reported adverse events and symptoms and self-reported healthcare utili-
sation. Primary care provider and pharmacy records were obtained for all par-
ticipants. Hospitalisation records were obtained from the university hospital
and from community hospitals, when such an event occurred. Research staG
were blinded when assessing emergency department contact assessment.

Blinding of outcome as-
sessment (detection bias)
Adverse drug events

Low risk Trained research assistants contacted all participants by telephone to gather
self-reported adverse events and symptoms and self-reported healthcare util-
isation Primary care provider and pharmacy records were obtained for all par-
ticipants. Research staG were blinded.

Farris 2014  (Continued)
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Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Unclear risk Loss to follow-up: medication review 3% (16/623) participants (3% (8/312)
minimal intervention group and 3% (8/311) in the enhanced intervention
group) and control 2% (5/313 participants). Unclear whether participants lost
to follow-up had mortality data available (i.e. loss to follow-up due to death).

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Unclear risk Discrepancies in the trial publication between the number of participants re-
ported as study completers and the number of participants included in the
analysis of hospital readmissions.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Unclear risk Discrepancies in the trial publication between the number of participants re-
ported as study completers and the number of participants included in the
analysis of hospital emergency department contacts.

Incomplete outcome data
(attrition bias)
Adverse drug events

Unclear risk Discrepancies in the trial publication between the number of participants re-
ported as study completers and the number of participants included in the
analysis of adverse events.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were included in trial and were similar to information pro-
vided on www.clinicaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Farris 2014  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 400 participants randomised (200 to medication review and 200 to control)

Participants were admitted via the emergency department under the care of attending physicians at a
tertiary medical centre at the University Hospital in Ireland

Median (IQR) age: medication review 75 (71 to 80) years, control 77 (71 to 82) years

47% male

Mean number of drugs: 7.7

Interventions A primary research physician evaluated the pharmacotherapy of participants in the intervention group
using specific criteria for potentially inappropriate prescribing and prescribing omissions (STOPP/
START criteria). The research physician discussed with attending medical team and provided written
communication of interventions within 24 hours after hospitalisation. Team members were not obliged
to follow up. No reporting of co-interventions.

Participants in the control group received usual hospital physician and pharmacist care.

Outcomes Primary outcome: Medication Appropriateness Index (MAI) and Assessment of Underutilisation Index
(AOU)
Secondary outcomes: mortality, frequency of general practitioner visits, hospital readmissions, falls.

All outcomes had 6 months of follow-up.

Gallagher 2011 
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Notes Funding: The Health Research Board of Ireland, Clinical Research Training Fellowship number
CRT/2006/029

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomisation sequence was determined by an independently generated
random numbers table using StatsDirect software.

Allocation concealment
(selection bias)

Low risk The random numbers table was retained, independent of investigators, by a
physician external to the study, who also 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 Study described as not blinded.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Data collected by research physician aware of assignments, but this will likely
not influence assessment of mortality.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Data collected by research physician aware of assignments, but this will likely
not influence assessment of hospital readmissions.

Blinding of outcome as-
sessment (detection bias)
Adverse drug events

High risk Data collected by research physician, who was aware of assignments. An inter-
rater reliability analysis of outcome measurements was conducted to ensure
no bias towards more favourable ratings in the intervention group as com-
pared with the control group (n = 40). Nevertheless, the causality assessment
of falls is highly subjective and may lead to bias.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk No loss to follow-up was described. Primary researcher obtained data from
general practitioner, community pharmacist and hospital records. No descrip-
tion or evidence in publication of loss to follow-up.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk Primary researcher obtained data through contact with participants, their gen-
eral practitioners or community pharmacists, and from hospital records. No
description (or evidence in publication) of loss to follow-up.

Incomplete outcome data
(attrition bias)
Adverse drug events

Unclear risk Assessment of falls (adverse events) was obtained by telephone contact with
participants or their general practitioners. No description of how many times
participants could not be contacted. Lack of contact could be related to falls
and might not reveal whether participants had experienced a fall not requiring
medical assistance.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were included in trial and were similar to information pro-
vided on www.clinicaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Gallagher 2011  (Continued)
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Study characteristics

Methods Randomised controlled trial

Participants 400 participants randomised (199 to medication review and 201 to control)

Participants were admitted to 2 acute internal medicine wards at a university hospital in Sweden

Mean age: 87 years

41% male

Mean number of drugs: 8.0

Interventions Medication review group: the list of current medications was reconciled to ensure that the medication
list was correct. Thereafter, a drug review was performed, and advice was given to participant's physi-
cian on drug selection, dosages and monitoring needs, with the final decision made by the physician
in charge. Participants were educated and monitored throughout the admission process, and received
discharge counselling.

Co-interventions: information about discharge medications (e.g. rationale for changes, therapeutic
goals, monitoring needs for newly commenced drugs) was provided to primary care physicians (gener-
al practitioners) by study pharmacists. A follow-up telephone call was made to participants 2 months
after discharge.

Control group: patients in the control group received standard care without pharmacist involvement
in the healthcare team at the ward level. Standard care usually included the same elements as those of
the enhanced service but was less extensive, focusing mainly on the cause of admission, and was per-
formed by physicians and nurses.

Outcomes Primary outcome: frequency of hospital visits (emergency department and readmissions (total and
drug-related))
Secondary outcome: cost of hospital care
Mortality not stated as an outcome, but measured

All outcomes had 12 months of follow-up

Notes Funding: Uppsala County Council, University Hospital of Uppsala, Uppsala University, Apoteket AB and
Swedish Society of Pharmaceutical Sciences

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Allocated to groups using closed-envelope technique. Authors confirm that
the allocation sequence was generated using a random generator software. 

Allocation concealment
(selection bias)

Low risk Randomisation was performed in blocks of 20 (each block contained 10 inter-
vention and 10 control allocations). Investigators included participants and
once included the Clinical Trial Unit would reveal the allocation. In principle,
due to the fixed blocks and unblinded design, the allocation of the last partic-
ipants in a block could be predicted. However, this would likely have little im-
pact on the overall risk of bias and we judged the trial as having low risk of se-
lection bias. The authors confirmed the allocation procedure. 

Blinding of participants
and personnel (perfor-
mance bias)

High risk Trial described as not blinded.

Gillespie 2009 
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All outcomes

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Mortality data were likely taken from a non-biased national register (partici-
pants identifiable through unique patient-specific social security number).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk The 2 researchers responsible for analysing readmission data were blinded re-
garding the group to which participants had been randomised.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk The physician in charge of the participant was required to document in the
medical record whether readmissions were drug-related. Physicians making
this decision were blinded as to whether patients were study participants.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Emergency department contact data were likely taken from a non-biased na-
tional register.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (due to
adverse drug events)

Unclear risk Blinding of outcome assessment was not described for emergency department
contacts.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk States that no participants were lost to follow-up.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk States that no participants were lost to follow-up.

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

Low risk States that no participants were lost to follow-up.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk States that no participants were lost to follow-up.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (due to
adverse drug events)

Low risk States that no participants were lost to follow-up.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were included in trial and were similar to information pro-
vided on www.clinicaltrials.gov.

Gillespie 2009  (Continued)
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Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Gillespie 2009  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 600 participants randomised (200 to the extended medication review, 200 to basic medication review
and 200 to the control group)

Patients were included from the medical acute admission unit at Hospital South West Jutland

Mean age: 74 years

51% male

Median number of drugs: 6

Interventions The 3 groups consisted of a control group (usual care) and 2 intervention groups named ED (basic in-
tervention) and STAY (extended intervention). All patients received usual care including medication
history, medication reconciliation and medication review by a physician without any structured in-
strument as part of the normal procedure. Both the ED group and the STAY group received a pharma-
cist-led medication review (including patient interview and medication reconciliation) on admission.
Furthermore, patients in the STAY group transferred to a specialised ward received a medication review
during inpatient stay together with patient counselling and a medication report at discharge.

Outcomes Primary outcome measure: number of patients with a medication-related readmission within 30 days
from discharge

Secondary outcome measures: mortality (overall, during index admission, within 30 days after dis-
charge or 31 to 180 days after discharge), patients with readmissions (acute and planned, both includ-
ing medication-related readmissions) within 30 days after discharge and number of visits to the emer-
gency department, the hospital or a general practitioner within 180 days after discharge

Notes Funding: Hospital South West Jutland, University of Southern Denmark, Region of Southern Denmark,
Sygehusapotekernes og Amgros' forsknings - og udviklingspulje, Actavis Legat, Karola Jørgensens
Forskningsfond, and Edith & Vagn Hedegaard Jensens Fond

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The participants were randomised using a 1:1:1 allocation ratio to 1 of 3
groups in blocks of 15 (each block contained 5 patients from each group) using
the opaque closed-envelope technique.

Allocation concealment
(selection bias)

Low risk The patients were randomised using the opaque closed-envelope technique.
The pharmacist opened the envelope at the bedside after patient consent was
obtained.

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

High risk The group allocation was not blinded to the patient, the pharmacist or other
healthcare professionals present at the ward.

Graabaek 2019 
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Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Data were collected from the nationwide registers from the Danish Health Au-
thorities: the Civil Registration System, the National Health Insurance Service
Registry and the National Patient Registry.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Data were collected from the nationwide registers from the Danish Health Au-
thorities: the Civil Registration System, the National Health Insurance Service
Registry and the National Patient Registry.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk Two researchers, with expertise in clinical pharmacology and geriatrics, indi-
vidually conducted the analysis of the outcome. Information about group allo-
cation was blinded to these researchers.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Data were collected from the nationwide registers from the Danish Health Au-
thorities: the Civil Registration System, the National Health Insurance Service
Registry, and the National Patient Registry.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk No description of missing data for this outcome.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk No description of missing data for this outcome.

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

Low risk A total of 9 patients were excluded from the analysis of medication-related
readmission within 30 days (7 patients died during inpatient stay and 2 pa-
tients died during 30-day follow-up). Four patients had an acute readmission
before they died within 30 days and they were hence included in the analysis.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk No description of missing data for this outcome.

Selective reporting (re-
porting bias)

Unclear risk No clinical trial registration to compare protocol and publication of results.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Graabaek 2019  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 460 participants randomised (230 to medication reviews and 230 to control)

Gustafsson 2017 
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Patients aged ≥ 65 years with dementia or cognitive impairment admitted to 3 wards at 2 hospitals lo-
cated in Northern Sweden were included

Mean age: 83.1 years

36% male

Mean number of drugs: control group 8.3, intervention group 8.4

Interventions Three clinical pharmacists with postgraduate degrees in clinical pharmacy and long experience in per-
forming medication reviews in primary care and hospital wards conducted the interventions. The phar-
macists were already part of the different ward teams at the time when the study started. The addition-
al service provided by the clinical pharmacists consisted of medication reconciliation, medication re-
view and participation in ward rounds.

Participants in the control group received usual care. 

Outcomes Primary outcome: risk of drug-related readmissions at 180 days

Secondary outcomes: all-cause readmission at 30 days and 180 days, mortality, cost analysis (not yet
analysed), time to institutionalisation (not yet analysed) and adherence to quality indicators (not yet
analysed)

Notes Funding: grants from the Swedish Dementia Association, the County Council of Västerbotten, the
Janne Elgqvists foundation, the Swedish Society of Medicine, and the foundation for Medical Research
in Skellefteå

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomisation sequence was prepared before study start using a throw-
ing dice method by an independent person who was not engaged in the tri-
al in any other way. The sequence was performed in blocks of 6 to 36 (each
block contained between 3 and 18 intervention allocations and the same num-
ber of control allocations). Randomisation was stratified at ward level. To ac-
complish this, each ward used their own randomisation blocks, consecutive-
ly starting a new block after completion of the preceding, meaning that there
were an equal number of control and intervention participants in each ward.

Allocation concealment
(selection bias)

Low risk When a patient formally entered the trial, an employee of the Department of
Pharmacology and Clinical Neuroscience, who was not involved in the inter-
ventions, provided the treatment allocation according to the randomisation
scheme.

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

High risk The participants and pharmacists were not blinded to treatment assignment.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk An independent, blinded external expert group consisting of one specialist
in geriatrics, one specialist in internal medicine and one clinical pharmacist
working in another county assessed the outcomes.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk An independent, blinded external expert group consisting of one specialist
in geriatrics, one specialist in internal medicine and one clinical pharmacist
working in another county assessed the outcomes.

Gustafsson 2017  (Continued)
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Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk An independent, blinded external expert group consisting of one specialist
in geriatrics, one specialist in internal medicine and one clinical pharmacist
working in another county assessed the outcomes.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Not described but will not likely influence ED contacts.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk One participant withdrew from the control group before discharge; none lost
to follow-up in both groups (why assessed as low risk of bias).

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk One participant withdrew from the control group before discharge; none lost
to follow-up in both groups (why assessed as low risk of bias).

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

Low risk One participant withdrew from the control group before discharge; none lost
to follow-up in both groups (why assessed as low risk of bias).

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk One participant withdrew from the control group before discharge; none lost
to follow-up in both groups (why assessed as low risk of bias).

Selective reporting (re-
porting bias)

Low risk Mortality was not prespecified as outcome on clinicaltrials.gov, but direction
of effect does not suggest selective reporting. We therefore judged the out-
come of mortality as having low risk of bias for selective reporting. The 30-day
readmission analysis was not pre-specified in the trial registration at clinical-
trials.gov. The trial authors were contacted and replied “The 30-days readmis-
sion analysis was not pre-specified in the study protocol However, because of
the increased use of 30- day readmission as an indicator of quality of care, the
outcome was added as a post-hoc analysis after the study was started”. Fre-
quency of hospital visits (readmissions and emergency department) during
the 6-month follow-up is a secondary outcome on clinicaltrials.gov, but emer-
gency department contacts not reported in the publication. The trial authors
sent data on readmissions and ED visits and the direction of effect does not
suggest selective reporting. We therefore judged both outcomes as low risk of
bias for selective reporting.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Gustafsson 2017  (Continued)
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Methods Randomised controlled trial

Participants 118 participants randomised (59 to medication review and 59 to control)

Patients 65 years or older, with a length of stay in ED longer than 12 hours, decompensation of HF and/
or COPD and polypharmacy (4 or more drugs) were included from a tertiary referral hospital from Cat-
alonia, Spain

Mean age: 80 years

50% male

Mean number of medications taken regularly at home: intervention 10.5 (3.5), control 10.0 (3.3)

Interventions The intervention consisted of a pharmaceutical care programme focusing on the resolution of poten-
tial drug-related problems, from admission to ED until discharge. The pharmaceutical care programme
comprised the following steps:

1. Obtaining and recording the medication chart. As part of this process, the pharmacist confirmed, by
interviewing the patient or caregiver, the medication taken at home as listed in the electronic health
records.

2. Medication reconciliation in each of the care transitions.

3. Medicine review and validation of physician prescriptions during the stay at the ED and during hospi-
talisation. This consisted of reviewing the following aspects of the patient’s medication: (a) the indi-
cation for each medication in relation to the patient’s condition and (b) the appropriateness of each
medication, dose, schedule, duration of the treatment for the patient’s age and/or clinical status (re-
nal function or liver function). In addition, therapeutic drug monitoring was performed for drugs with
a narrow therapeutic range.

4. Patient follow-up. This consisted of evaluation of the effectiveness and safety of the treatment ac-
cording to standard clinical practice and patients’ objective data from clinical records.

5. Provision of additional written information at discharge, with clear indications for drug therapy regi-
men using software tools provided by the Catalan Drug Information Centre (CedimCat).

Patients in the control group received standard pharmaceutical care, initiated at admission to the ward
and consisting of medication review and prescriptions' validation, analogous to step 3 in the interven-
tion group. The study compares the effects of an extended medication review and a basic medication
review.

Outcomes Primary outcome: drug-related negative outcomes (DNO) defined as health problems that patients ex-
perience owing to drug use or non-use

Secondary outcomes: patients readmitted within 180 days to the same ED and/or to the hospital
ward: patients readmitted owing to decompensation of HF and/or exacerbation of COPD within 180
days after inclusion in the study

Notes Funding: not reported

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed by the hospital’s pharmacology department
using SPSS V.18 (SPSS, Chicago, Illinois, USA) to create a dedicated applica-
tion to randomise patients to one of the of 2 study groups (distribution 1:1).
The application used a seed obtained by rolling two dice to select the row and
column from a random-number table; therefore, while replicable but unpre-
dictable, the series was perfectly balanced between groups in 10-case blocks.

Allocation concealment
(selection bias)

High risk Trial authors were contacted for clarification. They replied that the pharmacol-
ogy department created the randomisation scheme. The pharmacist had ac-

Juanes 2018  (Continued)
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cess to the entire randomisation. After assessing the suitability of the patient
through compliance of the inclusion criteria, the pharmacist assigned each
individual a group according to the randomisation scheme, chronologically
(in function of the onset of the episode in the ED) and correlative according to
with the randomisation scheme. We assessed the risk of bias as high, because
the pharmacist had access to the randomisation form (which was made in ad-
vance by rolling dice) and thus the allocation was not hidden (e.g. if 2 patients
arrived at the same time).

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

High risk Neither patients nor healthcare professionals were blinded to the treatment
group.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk A single pharmacist was responsible for the implementation of the programme
and the assessment of results, which might have led to observer bias. Howev-
er, it is unlikely that it would affect mortality.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk A single pharmacist was responsible for the implementation of the programme
and the assessment of results, which might have led to observer bias. Howev-
er, it is unlikely that it would affect hospital readmissions.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk A single pharmacist was responsible for the implementation of the programme
and the assessment of results, which might have led to observer bias. Howev-
er, it is unlikely that it would affect hospital emergency department contacts.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk States none lost to follow-up.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk States none lost to follow-up.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk States none lost to follow-up.

Selective reporting (re-
porting bias)

Low risk Average cost of hospital stay is an outcome according to the clinical trial regis-
tration, but not reported or mentioned in the publication. However, as report-
ed results are negative and cost-effectiveness analyses are often published as
secondary publication we therefore assessed the risk of selective reporting
bias as low.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Juanes 2018  (Continued)
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Study characteristics

Methods Multicentre, cluster-randomised, cross-over trial

Participants 2637 participants randomised (922 to comprehensive medication review, 823 to comprehensive med-
ication review plus follow-up and 892 to usual care)

Participants were admitted to 8 wards within 4 hospitals in 3 Swedish counties

Median age: 81 years

48.5% male

Median number of drugs: 9

Interventions Intervention group 1: comprehensive medication review, including a thorough medication reconcilia-
tion, a comprehensive medication review in collaboration with the ward physician and patient, and an-
other medication reconciliation before discharge

Intervention group 2: comprehensive medication review with active follow-up. This includes the same
as intervention group 1 but with the following additions: when relevant an electronic medication re-
view referral is sent to the patient's primary care physician upon discharge. A first phone call to the
patient or carer is made 2 to 7 days after the patient is discharged and a second phone call is made
30 days after hospital discharge with the aim to find out how the patient is managing the medication
and if any problems, concerns or questions have arisen, and to provide the patient with a motivational
"boost".

Control group: the control group will receive usual hospital care. Usual care includes medication rec-
onciliation upon admission, and a medication report addressing the patient's medication treatment to
be given to the patient or carer upon hospital discharge and to be attached to the electronic discharge
letter. This report contains a motivation and explanation to the changes in medication treatment that
have been made during hospital stay, as well as the patient's updated medication list. No clinical phar-
macist will be involved.

Outcomes Primary outcome: incidence of unplanned hospital visits

Secondary outcomes: all-cause mortality rates, unplanned hospital admissions, emergency depart-
ment visits, unplanned medication-related hospital admissions and unplanned primary care visits at 30
days, 3 months, 6 months and 12 months, unplanned hospital visits at 30 days, 3 months and 6 months,
time from hospital discharge to first unplanned hospital visit, and costs of hospital-based care at 6
months and 12 months

Notes Design: the cross-over design of the Kempen trial is complex. The clusters comprised 2 wards per hos-
pital from 4 hospitals (8 clusters in total). Cross-over and randomisation took place at a cluster (i.e.
ward) level within each hospital. Each ward participated in the trial for 6 consecutive 8-week study peri-
ods, which were divided into 2 separate blocks of 3 study periods each. During each period, 1 of 3 treat-
ments (intervention 1 or 2 or control) was provided at the ward, with permuted block randomisation
ensuring that each treatment was performed within each block. Participants did not cross over into
other groups as individual patients could only be included in the trial once.

Funding: The Medication Reviews Bridging Healthcare (MedBridge) trial has received governmen-
tal research grants RFR-555601, RFR-641791, and RFR-735911 from the Uppsala-Örebro Regional Re-
search Council, grants LUL-527721, LUL-614061, LUL-716201, and LUL-821261 from Region Uppsala,
grants CFUG-658451 and CFUG-698771 from Region Gävleborg, and grants LTV-675921, LTV-712341,
LTV-736641, and LTV-840112 from Region Västmanland; funding from the Swedish Pharmacists Asso-
ciation (Sveriges Farmaceuter), the Thuréus Fund for Geriatric Research (Thuréus stiftelse för främ-
jande av geriatrisk forskning), and the Geriatric Fund (Geriatriska fonden); and grants FA 2017:38 and FA
2018:43 from the Swedish Heart and Lung Association (Riksförbundet HjärtLung)

Risk of bias

Kempen 2021 
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Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The randomised sequence was generated at Uppsala Clinical Research Center
using SAS software (SAS Institute Inc).

Allocation concealment
(selection bias)

Low risk The computer-generated codes were held by the statistician to assure alloca-
tion concealment until the moment of randomisation. The randomised cluster
design did not allow for patient recruitment before randomisation, resulting in
a risk of selection bias. However, we believe that risk of bias is low.

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

High risk Single-blinded study (outcomes assessor).

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk All primary and secondary outcome data collection and assessments were
blinded to treatment allocation. Data on mortality were extracted from the na-
tional death registry.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk All primary and secondary outcome data collection and assessments were
blinded to treatment allocation. Data on hospital admissions were extracted
from the patients' electronic medical record.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk All primary and secondary outcome data collection and assessments were
blinded to treatment allocation. Unplanned hospital admissions were as-
sessed by 2 final-year undergraduate pharmacy students with a validated
method to identify unlikely or possibly medication-related admissions (AT-
HARM10). In case of doubt, an experienced clinical pharmacist was available to
have the deciding vote.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk All primary and secondary outcome data collection and assessments were
blinded to treatment allocation.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk Registry data. No description of loss to follow-up.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk Registry data. No description of loss to follow-up.

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

Low risk Registry data. No description of loss to follow-up.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Registry data. No description of loss to follow-up.
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Selective reporting (re-
porting bias)

Low risk No difference in outcomes when publication is compared to information on
clinicaltrials.gov.

Contamination bias High risk Cluster-randomised, cross-over design. There is a risk of contamination bias,
despite cluster-randomisation due to the cross-over design. Unintended inter-
vention components were received by 132 of the 892 control patients (14.7%)
during index admission (14 control patients (1.6%) received a comprehensive
medication review during the index admission).

Other bias High risk Recruitment bias: low risk of bias (support for judgement: included admitted
internal medicine patients. Inclusion unlikely to be associated with group allo-
cation.)

Baseline imbalance: low risk of bias (support for judgement: few clusters (n =
8) but due to cross-over design all clusters are allocated to all 3 interventions).

Loss of clusters: low risk of bias (support for judgement: no loss of clusters).

Incorrect analysis: low risk of bias (support for judgement: adjusted for cluster-
ing and time).

Comparability with individually randomised trials: high risk of bias (support
for judgement: all wards are allocated to all 3 interventions during trial so risk
of contamination and herd effect).

Suitable design: high risk of bias (support for judgement: types of patients ad-
mitted are influenced by seasonal period effects and also over time quality im-
provement initiatives and other factors may be introduced influencing out-
comes).

Carry-over effect: high risk of bias (support for judgement: medication reviews
may result in physicians gaining knowledge about which drugs should be dis-
continued or prescribed, thereby introducing carry-over effect of interven-
tion).

First period data: high risk of bias (support for judgement: first period data not
available).

Analysis: low risk of bias (support for judgement: analysed at ward level so no
within-person design. Analysis adjusted for study period.)

Kempen 2021  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 399 participants randomised (200 to medication review and 199 to control)

Patients acutely admitted to the internal medicine ward, Oslo University hospital 111 (Ullevaal), Nor-
way

Median age: 79 years

45% male

Median number of regular drugs: 8 (range 4 to 19)

Lea 2020 

Medication review in hospitalised patients to reduce morbidity and mortality (Review)

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

67



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Interventions Intervention participants received pharmacist-led medicines management comprising medicines rec-
onciliation at admission, repeated medicines reviews throughout the stay and medicines reconciliation
and tailored information at discharge, according to the integrated medicines management model.

Control participants received standard care.

Outcomes Primary outcome: time to first hospital readmission or death within 12 months after discharge

Secondary outcomes:

• Overall survival

• Number of unplanned hospitalisations per patient within 12 months after discharge

• Proportion of patients:
◦ With unplanned hospitalisations within 30 days, 6 months and 12 months after discharge

◦ Who died within 30 days, 6 months, 12 months and 20 months after discharge

◦ Who died or had unplanned hospitalisations within 30 days, 6 months and 12 months after dis-
charge

• Length of stay (LOS) of first hospital readmission

• Time to the first unplanned readmission within

Notes Supported by South-Eastern Norway Regional Health Authority (Ph.D. grant number 12/00718 to au-
thor ML). Additional support was provided by the Hospital Pharmacies Enterprise and Oslo University
Hospital and Diakonhjemmet Hospital.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A random number generator program and a permuted block design were used
to generate the randomisation sequence, which was delivered to the study
pharmacists in sequentially numbered, opaque, sealed envelopes.

Allocation concealment
(selection bias)

Low risk The investigators were blinded to block size, which was randomly varied. Ran-
domisation took place following patient inclusion and baseline assessments.
A study pharmacist assigned the envelope with the lowest number to the indi-
vidual participant and signed the allocation before the envelope was opened.

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

High risk It was neither feasible to blind participants nor study pharmacists to the allo-
cation. It was also known by ward staG which of the patients belonged to the
intervention group. Ward staG were, however, unable to distinguish between
patients randomised to the control group and patients not participating in the
trial.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Data on mortality were gathered from a non-biased national register, the Nor-
wegian Cause of Death Registry (through unique patient-specific social securi-
ty number).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Data on readmissions were gathered from a non-biased national register, the
Norwegian Cause of Death Registry (through unique patient-specific social se-
curity number).

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk Registry data. No description of loss to follow-up.

Incomplete outcome data
(attrition bias)

Low risk Registry data. No description of loss to follow-up.
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Hospital readmissions (all-
cause)

Selective reporting (re-
porting bias)

High risk In the protocol follow-up was planned to be assessed at 12 months for both
readmission and death. In the publication, the outcomes are reported at 30
days, 6 months and 12 months for both outcomes, and at 20 months for the
outcome mortality. There was a statistically significant effect on mortality at
20 months, but not at 12 months. In the publication the changes are described:
"We had originally planned a follow-up of 12 months. However, as both the in-
clusion period and the retrieval of outcome data took longer than planned,
we decided to extend the follow-up of all patients to December 31, 2017, to
increase statistical power. This amendment was described in the statistical
analysis plan, which was finalized and signed before any outcome data files
were available." Because the changes to follow-up time were planned before
data were analysed, we believe that the risk of bias for mortality is low.

However, because data were available at 20 months, but not reported for the
hospital readmissions, we judged the trial as having a high risk of selective re-
porting bias.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Lea 2020  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 61 participants were randomised (31 to medication review and 30 to control)

Patients admitted to 4 departments of non-intensive care units at the German University Hospital
Aachen, Germany: the Departments of Urology, Neurology, Internal Medicine III (Gastroenterology and
Metabolic Disorders) and Internal Medicine I (Cardiology, Pneumology and Angiology)

Mean age: 77.6 years

40% male

Mean number of medications 16.8

Interventions The comprehensive pharmaceutical care service included a detailed medication history, medication
reconciliation and a medication safety check directly after inclusion in the study and during the entire
stay on the co-operating wards. Medication was checked for new prescriptions, and a medication re-
view was repeated with each newly prescribed drug. Medication safety checks included the plausibili-
ty of medication, check for drug allergies, renal/liver dysfunction and dosage adjustment, relevant lab-
oratory data, contraindications, dosage, drug-drug interactions, adverse drug reactions, medications
before surgery or other interventions, adequate duration of drug therapy, need for patient information
and therapeutic drug monitoring.

Transitional care at discharge included medication reconciliation at discharge and providing recom-
mendations for the discharge letter. After discharge, the comprehensive pharmaceutical care service
ended, and all study patients received their ‘standard care’. Standard care did not include clinical phar-
macists in the healthcare team on the ward.

Outcomes Primary outcome: the occurrence of drug-related readmissions (DRRs), measured over 1 year at 4 pre-
defined contact times after discharge. DRR was defined as re-hospitalisation of a discharged patient
due to an adverse drug reaction (ADR) in any hospital.

Lenssen 2018 
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Secondary outcomes: adverse drug reactions, potentially inappropriate medication (PIM) using the
PRISCUS list and the number of changes in medication after discharge were documented.

Notes Funding: Supported by the Foerderinitiative Pharmazeutische Betreuung e.V. and the Apothekers-
tiftung Nordrhein. RL received a research grant from the “Foerderinitiative Pharmazeutische Betreuung
e.V.”. RL, UJ and AE received a research grant from the Apotheker-StiWung Nordrhein.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk A randomisation list was generated at www.randomization.com.

Allocation concealment
(selection bias)

High risk Patients were randomised successively after being included in the study. The
trial authors were contacted and asked to clarify their process for randomisa-
tion. They replied: "The randomisation list was accessible by the person, who
included the patients, but was first accessed, when the enrollment of a patient
was finalised." Therefore judged as high risk of bias.

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

High risk Not described, but probably not blinded.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Three pharmacists assessed all cases of ADR-suspicious symptoms and hospi-
tal readmissions. They were blinded regarding the allocation of the patients
to the control or intervention group. Readmissions was not an outcome in the
clinical trial, but the data were reported descriptively in the publication.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk Three pharmacists assessed all cases of ADR-suspicious symptoms and hospi-
tal readmissions. They were blinded regarding the allocation of the patients to
the control or intervention group.

Blinding of outcome as-
sessment (detection bias)
Adverse drug events

Low risk Three pharmacists assessed all cases of ADR-suspicious symptoms and hospi-
tal readmissions. They were blinded regarding the allocation of the patients to
the control or intervention group.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk No description of missing data. Readmissions was not an outcome in the clin-
ical trial registration, but the outcome is reported in the publication. Authors
report data from all patients randomised to the study.

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

High risk Loss to follow-up: 33% (20/60). The inability to reach a patient (e.g. the patient
moved to new address or died) caused censoring.

Incomplete outcome data
(attrition bias)
Adverse drug events

High risk Loss to follow-up: 33% (20/60). The inability to reach a patient (e.g. the patient
moved to new address or died) caused censoring.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes reported in trial publication and similar to information on
clinicaltrials.gov.

Lenssen 2018  (Continued)
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Readmissions was not an outcome in the clinical trial, but the data were re-
ported descriptively in the publication.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Lenssen 2018  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 100 participants randomised (50 to medication review and 50 to control)

Participants were admitted to an acute ward of internal medicine at a regional hospital in Denmark

Mean age: 79.2 years

39% male

Mean number of drugs: 10.2

Interventions The intervention included clinical pharmacists and clinical pharmacologists (physicians) and was ac-
complished in 2 steps. First, a clinical pharmacist systematically collected information about partici-
pants' medication; second, collected medical histories were discussed with a clinical pharmacologist
according to participants' entire medical records, including medical histories and laboratory test re-
sults. Discrepancies, inappropriate drugs, doses, routes, dosing schedules and inappropriate interac-
tions between drugs were described in a note with recommendations for change. Ward physicians were
not obliged to follow these recommendations. No co-interventions were reported.

Patients assigned the control arm received the usual routine for medication prescription.

Outcomes Primary outcome: length of hospital stay (hours)

Secondary outcomes: time to first admission, readmissions, emergency department visits, visits to
outpatient care clinic, general practitioner visits, specialist visits, after-hours care, quality of life assess-
ment, mortality.

All outcomes had 3 months of follow-up.

Notes Funding: ALIS, Amgros I/S, which is a publicly owned pharmaceutical procurement service for the 5 re-
gional authorities in Denmark

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Eligible patients were randomly assigned to intervention or control by a com-
puter-generated code.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not described.

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

High risk Trial described as not blinded.

Lisby 2010 
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Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Mortality data were likely gathered from a non-biased national register
(through unique patient-specific social security number).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Readmission data were likely gathered from a non-biased national register.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Hospital emergency department contact data were likely gathered from a non-
biased national register.

Blinding of outcome as-
sessment (detection bias)
Health-related quality of
life

Low risk Questionnaires including pre-paid envelopes were sent by postal mail. Be-
cause of the design of the intervention, it was not possible to blind the partici-
pants toward group assignment. Participant knowledge about the assignment
was assessed as unlikely to influence the outcome.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk No loss to follow-up was described; all data should be readily available from a
non-biased national register.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk No loss to follow-up was described; all data should be readily available from a
non-biased national register.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk No loss to follow-up was described; all data should be readily available from a
non-biased national register.

Incomplete outcome data
(attrition bias)
Health-related quality of
life

High risk Loss to follow-up: intervention: 34% (17/50), control: 29% (14/49). In addition,
on average 4 to 6 responses were missing for each question in the question-
naire, though missingness was equally distributed between the intervention
and control arm.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were included in trial and were similar to information on
www.clinicaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Lisby 2010  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 108 participants randomised (53 to medication review and 55 to control)

Participants were admitted to an orthopaedic ward at a regional hospital in Denmark

Lisby 2015 
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Mean age: 80.5 years

29% male

Mean number of drugs: 6.7

Interventions Systematic medication review by a clinical pharmacist and a clinical pharmacologist. A clinical phar-
macist obtained medication history through medical records, electronic prescribing system, registry
of drug purchase and interview after a ward physician had prescribed in-hospital medication. Subse-
quently, the case was discussed with a clinical pharmacologist, and a note with comments and recom-
mendations for medication changes was prepared and handed directly to the physician responsible for
the ward round. Ward physicians were not obliged to follow these recommendations. No co-interven-
tions were reported.

The participants assigned controls were treated routinely, that is, a ward physician obtaining medica-
tion history, performing a review and prescribing the in-hospital medication.

Outcomes Primary outcome: time to first unscheduled physician contact (general practitioner, emergency de-
partment, ambulatory care or hospital) after discharge from the orthopaedic department
Secondary outcomes: admission time, time to first readmission, number of readmissions, emergency
department visits, visits to outpatient care clinic, general practitioner contacts if first contact with gen-
eral practitioner included medication issues, contacts with physicians outside working hours, medical
specialist contacts, quality of life assessment, mortality

All outcomes had 3 months of follow-up

Notes Funding: The Health Insurance Foundation in Denmark

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Eligible participants were randomly assigned to intervention or control by a
computer-generated code.

Allocation concealment
(selection bias)

Unclear risk Allocation concealment not described.

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

High risk Trial described as not blinded.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Mortality data were taken from a non-biased national register (participants
identifiable through unique patient-specific social security number).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Readmission data were likely gathered from a non-biased national register.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Emergency department contacts were likely gathered from a non-biased na-
tional register.

Blinding of outcome as-
sessment (detection bias)

Low risk Questionnaires including pre-paid envelopes were sent by postal mail. Be-
cause of the design of the intervention, it was not possible to blind the partic-

Lisby 2015  (Continued)
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Health-related quality of
life

ipants toward group assignment. We assessed participant knowledge about
the assignment as unlikely to influence the outcome.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk No loss to follow-up was described; all data should be readily available from a
non-biased national register.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk No loss to follow-up was described; all data should be readily available from a
non-biased national register.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk No loss to follow-up was described; all data should be readily available from a
non-biased national register.

Incomplete outcome data
(attrition bias)
Health-related quality of
life

High risk FiWy-five (54%) of 102 participants returned the questionnaire. Loss to fol-
low-up: intervention: 50% (25/50), control: 57% (30/52).

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were included in trial and were similar to information pro-
vided on www.clinicaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Lisby 2015  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial.

Participants 404 participants randomised (202 to medication review and 202 to control). Retrospective period: 1142
randomised (189 to control and 953 randomised to no enrolment)

Participants were included from 3 Danish acute medicine wards

Mean age: 73.1 years

48% male

Median number of drugs: 8

For the first 8 months, the clinical pharmacists were alternately absent for 2 months (retrospective
periods) and present for 2 months (prospective periods) at the wards, giving two 2-month periods at
each centre with no clinical pharmacists present. After these 8 months, the clinical pharmacists were
present at all 3 wards for the remaining time. In the retrospective periods, patients were included for a
second, retrospective control group, which would allow the assessment of a potential educational bias
from the intervention to the prospective control group.
In the prospective periods, the patients were stratified by centre and randomised to the intervention or
the prospective control.

Interventions The intervention comprised secondary medication history, medication reconciliation, medication re-
view based on the pre-admission medication, and entry of proposed prescriptions in the electronic

Nielsen 2017 
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medication module (EMM). The intervention was made before a physician attended to the patient and
entered admission medication orders into the EMM.

The control group patients received standard hospital care with no clinical pharmacist involvement.

Outcomes Primary outcome: the proportion of patients with harm as indicated by one or more medication-relat-
ed triggers (in-hospital ADEs detected with the Adverse Drug Event Trigger Tool)

Secondary outcomes: harms per patient, median length of stay, re-admission within 1st year, days to
1st readmission, deceased with 1st year, time to death

Notes Funding: supported by grants from Hospital Pharmacies and Amgros’ Research and Development
Foundation, The Health Foundation (Helsefonden) and Region Zealand Health Scientific Research
Foundation

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation lists were generated using a computer-based randomisation
tool and kept at the hospital pharmacy by the pharmacist responsible for clini-
cal trials.

Allocation concealment
(selection bias)

Low risk Allocation was revealed to the clinical pharmacist by telephone whenever the
clinical pharmacist had enrolled a patient.

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

High risk Neither the clinical pharmacists nor the healthcare personnel or patients were
blinded to the participant allocation.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Based on hospital records; not sure if blinded but will likely not influence as-
sessment.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Based on hospital records; not sure if blinded but will likely not influence as-
sessment.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk Deaths were collected from the electronic patient records (national registry
data are integrated in the Danish electronic patient records).

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk Readmissions were collected from the electronic patient records.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were included in trial and were similar to information pro-
vided on www.isrctn.com.

Direct cost for the hospital is listed as an secondary outcome in the trial regis-
tration, but not reported in the trial publication.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Nielsen 2017  (Continued)
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Study characteristics

Methods Randomised controlled trial

Participants 1537 participants randomised (772 to medication review and 752 to control)

Patients were admitted to 6 European medical centres (Ireland, Scotland, Spain, Italy, Belgium and Ice-
land), (13 medical and eight surgical clusters)

Median (IQR) age: 78 (72 o 84) years

53% male

Median (IQR) number of medications: 10 (8 to 13)

Interventions Customised SENATOR software input information included patients’ diagnoses (ICD-10 codes), pre-
scription drugs (ATC codes) and doses, renal function (MDRD formula), liver function (liver transami-
nases, INR), cardiac rhythm (electrocardiogram) and complete blood count. By applying STOPP/START
criteria (version 2) alongside potentially relevant drug-drug and drug-disease interaction information
from local databases, SENATOR software produced an individualised medication advice report. Prima-
ry researchers subsequently notified senior attending physicians of intervention arm patients of the SE-
NATOR reports and inserted copies into patients’ medical records, i.e. printed reports into paper-based
records or electronic reports into electronic records.

Participants in the control group received standard pharmaceutical care as provided at each site at
time of randomisation.

Outcomes Primary outcome: the occurrence of probable or certain ADRs within 14 days of randomisation

Secondary outcomes: primary endpoint derivatives

Tertiary outcomes: all-cause mortality, re-hospitalisation, composite healthcare utilisation and
health-related quality of life

Notes Funding: 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 An independent statistician used random block sizes to generate stratum-spe-
cific randomisation lists.

Allocation concealment
(selection bias)

Low risk The randomisation lists were integrated into the eCRF so that researchers
could not access them, and any given allocations were only revealed once pa-
tients were unambiguously enrolled into the trial and their screening informa-
tion was irreversibly entered onto the eCRF.

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

High risk Primary researchers who recruited the patients were not blinded and attend-
ing hospital physicians were not blinded. However, the patients were blinded
and those assessing the primary outcome (i.e. ADR) were also blinded.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Mortality data were assessed from patients’ medical records and national reg-
istries in all but one site, where death was established by telephone follow-up.
Since the outcome of mortality is assessed from records in most countries,
lack of blinding will likely not influence mortality.

O'Mahony 2020 
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Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Readmissions were assessed by post-hospital discharge follow-up call by the
local site research staG who were not blinded. However, the outcome of read-
missions is objective and will likely not be influenced by the lack of blinding.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk Loss to follow-up: 6.8% (52/766) in the medication review group, 7.4% (56/752)
in the control group.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk Loss to follow-up: 5.4% (41/766) in the medication review group, 5.3% (40/752)
in the control group.

Selective reporting (re-
porting bias)

Low risk Health-related quality of life was prespecified in a trial registry, but according
to the corresponding author it was decided not to measure the outcome due
to lack of resources. Therefore we assessed as low risk of selective reporting.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

O'Mahony 2020  (Continued)

 
 

Study characteristics

Methods Randomised, clinical, multicentre trial

Participants 1498 participants randomised (498 to basic medication review, 497 to extended medication review and
503 to control)

Participants were admitted to 4 different acute admission wards in Denmark

Median (IQR) age: basic group 72 (63 to 87) years, extended group 71 (63 to 79) years and control group
83 (65 to 80) years

54% male

Median (IQR) number of drugs: control 9 (7 to 12), basic intervention 10 (7 to 13), extended intervention
10 (7 to 12)

Interventions Patients were randomised 1:1:1 to usual care, a basic intervention or an extended intervention group.

In the basic intervention group, a structured, patient-centred medication review was conducted by a
clinical pharmacist once shortly after the patient was admitted, when laboratory data were available
and the primary medical admission note was written.

In the extended intervention group, a similar medication review was conducted. In addition, on dis-
charge of the patient, a medication reconciliation was conducted. Follow-up calls with the PCP and
nursing home or caregiver were conducted when any change in medication was made during the index
hospitalisation. The primary pharmacy was called when the clinical pharmacist from the hospital found
it necessary, for example, to delete old prescriptions or address problems concerning dose-dispensed
medication. The interview in the follow-up telephone call was also based on principles of motivational
interview and was routinely performed twice. The first interview was conducted 1 week after discharge,
whereas a second interview was performed 6 months after discharge. If required, additional follow-ups
could be arranged.

Ravn-Nielsen 2018 
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Outcomes Primary outcome: the occurrence of readmission within 30 and 180 days and the occurrence of a pre-
specified composite endpoint of readmissions and emergency department (ED) visits within 180 days

Secondary outcomes: drug-related readmissions within 30 and 180 days after inclusion and all-cause
and drug-related mortality

Notes Funding: unrestricted grants from The Hospitals Pharmacies’ and Amgros’ Research Development
Foundation, public regional research foundations for Southern Denmark and Zealand, and the Actavis
Foundation

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk The patients were randomly assigned to the usual care, basic intervention or
extended intervention group in a 1:1:1 ratio using block randomisation (blocks
of 6 and 4) with the sequentially numbered, opaque, sealed envelope tech-
nique.

Allocation concealment
(selection bias)

Low risk The patients were randomly assigned to the usual care, basic intervention or
extended intervention group in a 1:1:1 ratio using block randomisation (blocks
of 6 and 4) with the sequentially numbered, opaque, sealed envelope tech-
nique.

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

High risk The trial could not be entirely blinded because, for example, the intervening
pharmacist and the patient would know the result of the allocation.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Information about readmissions, ED visits and deaths was gathered from the
non-biased National Patient Register (through unique patient-specific social
security number).

Blinding of outcome as-
sessment (detection bias)
Mortality (due to drug-re-
lated adverse events)

Low risk Information about deaths was drawn from the National Patient Register. Eval-
uation of whether a death should be classified as drug-related was done by
clinical pharmacists and a clinical pharmacologist, who were blinded to study
allocation. 

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Information about readmissions, ED visits and deaths was gathered from the
non-biased National Patient Register (through unique patient-specific social
security number).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk Information about readmissions, ED visits and deaths was collected from the
non-biased National Patient Register (through unique patient-specific social
security number). The clinical pharmacists and clinical pharmacologist who
evaluated whether a readmission or death should be classified as drug-related
were blinded to study allocation.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Information about readmissions, ED visits and deaths was gathered from the
non-biased National Patient Register (through unique patient-specific social
security number).

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Low risk Loss to follow-up 2% (32/1499) (13 excluded after randomisation, 19 withdrew
consent). Information about readmissions, ED visits and deaths was collected
from the National Patient Register.

Ravn-Nielsen 2018  (Continued)
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Incomplete outcome data
(attrition bias)
Mortality (due to drug-re-
lated adverse events)

High risk Information about deaths was drawn from the National Patient Register. For
drug-related mortality, only in-hospital deaths were assessed with respect to
causality (i.e. drug-related or not). Deaths outside the hospital did not under-
go causality assessment because information from the primary care sector re-
garding the circumstances of death was usually too sparse. The study does not
report how many participants died at home or at the hospital, therefore we as-
sessed the risk of bias as high.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk Loss to follow-up 2% (32/1499) (13 excluded after randomisation, 19 withdrew
consent). Information about readmissions, ED visits and deaths was collected
from the National Patient Register.

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

Unclear risk There were more dropouts in the extensive intervention group than in the
usual care or the basic intervention group. Authors argue that this is because
some patients in the extensive intervention group were frustrated by the ad-
ditional healthcare contacts and therefore withdrew their informed consent.
Information about readmissions, ED visits and deaths was drawn from the Na-
tional Patient Register.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Loss to follow-up 2% (32/1499) (13 excluded after randomisation, 19 withdrew
consent). Information about readmissions, ED visits and deaths was collected
from the National Patient Register.

Selective reporting (re-
porting bias)

Unclear risk We assessed bias as unclear as data were registered in clinical trials.gov af-
ter study completion. The date on the protocol is after the trial start (protocol
from March 2014, inclusion of participants began September 2013). There are
no unpublished outcomes when trial publication is compared to information
on clinicaltrials.gov.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Ravn-Nielsen 2018  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 178 participants randomised (92 to medication review and 86 to control)

Participants were admitted to the general medicine service at a university hospital in the USA

Mean age: 59.3 years

34% male

Median number of drugs: 8.0

Interventions The pharmacist intervention on the day of discharge consisted of several parts. First, discharge medica-
tion regimens were compared with preadmission regimens, and all discrepancies were reconciled with
the assistance of the medical team. Participants were screened for previous drug-related problems, in-
cluding non-adherence, lack of efficacy and side effects. The pharmacist reviewed the indications, di-

Schnipper 2006 
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rections for use and potential adverse effects of each discharge medication with the participant, and
discussed significant findings with the medical team.

Co-interventions: follow-up telephone call, during which the pharmacist compared the participant's
self-reported medication list with the discharge list, exploring any discrepancies The pharmacist also
asked about medication adherence, possible adverse drug events and adherence with scheduled fol-
low-up and laboratory appointments. Significant findings were communicated to the participant's pri-
mary care physician.

Patients assigned to usual care received a routine review of medication orders by a ward-based phar-
macist and medication counselling by a nurse at the time of discharge

Outcomes Primary outcome: preventable adverse drug events
Secondary outcomes: all adverse drug events (preventable or not), participant satisfaction, health
care utilisation (readmission + emergency department contact), medication adherence, medication
discrepancies

All outcomes had 30 days of follow-up

Notes Funding: supported by the Division of General Medicine at Brigham and Women’s Hospital (BWH),
Boston, MA, the Fish and Anderson Fundsat BWH and an unrestricted grant from the Merck Co Foun-
dation, West Point, PA. Dr Schnipper is supported by Mentored Clinical Scientist Development Award
HL072806 from the National Heart, Lung and Blood Institute, Bethesda, MD.

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Randomisation was performed by a computer-generated algorithm.

Allocation concealment
(selection bias)

Low risk Sealed, opaque envelopes were opened only after patient consent was ob-
tained.

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

High risk Trial was described as not blinded.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Outcomes were assessed by research assistants and manuscript authors blind-
ed to treatment assignment.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions
(due to adverse drug
events)

Low risk Outcomes were assessed by research assistants and manuscript authors blind-
ed to treatment assignment.

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk Outcomes were assessed by research assistants and manuscript authors blind-
ed to treatment assignment.

Blinding of outcome as-
sessment (detection bias)

Low risk Outcomes were assessed by research assistants and manuscript authors blind-
ed to treatment assignment.

Schnipper 2006  (Continued)
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Hospital emergency de-
partment contacts (due to
adverse drug events)

Blinding of outcome as-
sessment (detection bias)
Adverse drug events

Low risk Outcomes were assessed by research assistants and manuscript authors blind-
ed to treatment assignment.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

High risk Uneven loss to follow-up: medication review 36% (33/92) participants; con-
trol group 21% (18/84 participants). Assessed as high-risk due to large dropout
with uneven distribution.

Incomplete outcome data
(attrition bias)
Hospital readmissions
(due to adverse drug
events)

High risk Uneven loss to follow-up: medication review 36% (33/92) participants; con-
trol group 21% (18/84 participants). Assessed as high-risk due to large dropout
with uneven distribution.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

High risk Uneven loss to follow-up: medication review 36% (33/92) participants; con-
trol group 21% (18/84 participants). Assessed as high-risk due to large dropout
with uneven distribution.

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (due to
adverse drug events)

High risk Uneven loss to follow-up: medication review 33/92 participants; control group
18/84 participants. Assessed as high-risk due to large dropout with uneven dis-
tribution.

Incomplete outcome data
(attrition bias)
Adverse drug events

High risk Uneven loss to follow-up: medication review 36% (33/92) participants; con-
trol group 21% (18/84 participants). Assessed as high-risk due to large dropout
with uneven distribution.

Selective reporting (re-
porting bias)

Unclear risk No clinical trial registration or protocol to compare publication of results.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Schnipper 2006  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 762 participants randomised (371 to medication review and 391 to control)

Participants were admitted to medical wards at 3 general hospitals in Northern Ireland

Mean age: 70.1 years

47% male

Scullin 2007 
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Interventions A clinical pharmacist (aided by a pharmacy technician) constructed an accurate medication history by
using a variety of sources and reviewed drug treatment daily, taking into account therapeutic goals, rel-
evant clinical chemistry and haematology results and, when appropriate, therapeutic drug monitoring.
The intervention also included medication counselling tailored to suit the needs of each individual par-
ticipant.

The control group received traditional clinical pharmacy services, which were in place across the par-
ticipating hospitals.

Outcomes Primary outcome: difference in length of hospital stay
Secondary outcomes: time to hospital readmission, number of readmissions, healthcare practitioner
satisfaction

All outcomes had 30 days of follow-up

Notes Funding: Department of Health, Social Services and Public Safety (Northern Ireland), under its Execu-
tive Programme Fund scheme

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Low risk Allocated to groups using closed-envelope technique, therefore indirectly re-
garded as random sequence generation.

Allocation concealment
(selection bias)

Unclear risk Allocated to groups using closed-envelope technique, but no description of
whether they were sequentially numbered or opaque. Randomisation was per-
formed in blocks of 20 (each block contained 10 intervention and 10 control al-
locations), which could reveal allocation. No description of who included par-
ticipants.

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

High risk Not described as blinded.

Blinding of outcome as-
sessment (detection bias)
Mortality (all-cause)

Low risk Data collected by researchers aware of assignments, but this will likely not in-
fluence assessment of mortality.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk Data collected by researchers aware of assignments, but this will likely not in-
fluence assessment of readmissions. Readmission data were collected from
the hospital computer system.

Incomplete outcome data
(attrition bias)
Mortality (all-cause)

Unclear risk Discrepancies in the publication concerning reporting of mortality data, as 7
participants seem to be missing from the medication review group and 1 from
the control group.

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

High risk Discrepancies in the publication concerning reporting of hospital readmission
data. The publication states that 141 participants (40.8%) were readmitted in
the medication review group versus 171 participants (49.3%) in the control
group. However, when percentages were used to calculate the total number
of participants, 25 participants seemed to be missing from the medication re-
view group (346 versus 371), but only 1 was described as lost to follow-up and
42 as missing from the control group (349 versus 391); only 7 were described as
lost to follow-up. This could have influenced the outcome of hospital readmis-
sions.

Scullin 2007  (Continued)
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Selective reporting (re-
porting bias)

Low risk All relevant outcomes seem to have been reported.

Contamination bias High risk No cluster-randomisation.

Other bias High risk Unequal randomisation with 371 participants assigned to the medication re-
view group and 391 to the control group, which should not have been possible
when block sizes were 20. This may have been possible if each block was per
hospital, but this was not described. Very unclear reporting of data. Data not
reported for surgical wards; no reason stated for excluding data. No protocol
available.

Scullin 2007  (Continued)

 
 

Study characteristics

Methods Randomised controlled trial

Participants 100 participants randomised (50 to medication review and 50 to control)

Participants were admitted to the nephrology ward at Seoul National University Hospital (SNUH) in
South Korea

Mean age: 52.5 years

60% male

Median number of drugs: 9

Interventions Pharmacists conducted a structured, patient-centred medication review, communicated with health-
care professionals and patients, and documented inpatients diagnosed with chronic kidney disease
daily. The service included a (1) medication reconciliation service to reduce discrepancies in medicines
prescribed within 24 hours after admission compared with those in medicines prescribed before ad-
mission, (2) medication evaluation and management service to promote the appropriateness of the
pharmacotherapy, and (3) discharge pharmaceutical care transition service to reduce the medication
discrepancies before and after discharge.

Participants in the control group received usual care from pharmacists and physicians.

Outcomes Primary outcome: the average number of DRPs per patient at discharge.
Secondary outcomes:

• Medication adherence for discharge drugs

• A composite of acute care utilisation (unexpected hospitalisation or emergency centre visit) within 3
months of discharge

• Change in the number of unintentional medication discrepancies at discharge compared with that at
the time of admission

• The DRPs during hospitalisation and their resolution rate by the pharmacist’s intervention

Notes Funding: The Korea Health Technology R&D Project of the Ministry of Health & Welfare, grant number
HI13C0731, and the National Research Foundation of Korea of the Ministry of Science and ICT (MSIT),
grant number NRF-2019R1G1A1100325, South Korea

Risk of bias

Bias Authors' judgement Support for judgement

Song 2021 
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Random sequence genera-
tion (selection bias)

Low risk The study participants were randomised in a 1:1 ratio to the clinical pharma-
cist intervention or control group using a centralised, secure, computer-gener-
ated program.

Allocation concealment
(selection bias)

Unclear risk Not described.

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

High risk Patients and pharmacist conducting the medication reviews were not blinded.
The pharmacists who performed the assessment at admission, discharge and
post-discharge were blinded (blinded outcome assessment).

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk The pharmacists who performed the assessment at admission, discharge and
post-discharge were blinded (blinded outcome assessment).

Blinding of outcome as-
sessment (detection bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk The pharmacists who performed the assessment at admission, discharge and
post-discharge were blinded (blinded outcome assessment).

Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

Low risk 50 participants were allocated to the intervention group; outcome present-
ed for 48 participants (1 lost to follow-up (to other hospital), and 1 participant
died). 50 participants were allocated to the control group; outcome presented
for 47 participants (1 lost to follow-up (to other study), and 2 participants with-
drew their consent).

Incomplete outcome data
(attrition bias)
Hospital emergency de-
partment contacts (all-
cause)

Low risk 50 participants were allocated to the intervention group; outcome present-
ed for 48 participants (1 lost to follow-up (to other hospital), and 1 participant
died). 50 participants were allocated to the control group; outcome presented
for 47 participants (1 lost to follow-up (to other study), and 2 participants with-
drew their consent).

Selective reporting (re-
porting bias)

Unclear risk No clinical trial registration to compare protocol and publication of results.

Contamination bias High risk No cluster-randomisation.

Other bias Low risk No evidence of other types of bias.

Song 2021  (Continued)

 
 

Study characteristics

Methods Cluster-randomised controlled trial.

Participants 1094 participants randomised (547 to medication review and 547 to control)

Participants were included from at least 2 surgical wards from 3 different types of hospital: an academ-
ic hospital, a tertiary teaching hospital and a community teaching hospital in The Netherlands

57% male

Interventions Patients admitted at an intervention ward received bedside care from the ward-based pharmacy team.
These interventions were tailored to cover critical steps in the medication process during the surgical

SUREPILL 2015 
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pathway. On admission the pharmacy practitioner performed medication reconciliation in consulta-
tion with the patient. This included verification of the current use of community pharmacy medication.
During hospitalisation, the hospital pharmacist reviewed the medication charts daily and optimised
drug therapy when needed. The pharmacist combined information from CPOE-alerts, laboratory re-
sults and medical record information, in liaison with the ward doctor (face-to-face communication).

At discharge the pharmacy practitioner reviewed the medication prescriptions by comparing them with
the medication at admission. Unintended discrepancies were discussed with the ward doctor. In ad-
dition, the pharmacy practitioner performed patient counselling and sent a complete list of discharge
medication to the community pharmacy and general practitioner.

Participants in the control group received standard care.

Outcomes Primary outcome: the number of preventable ADEs on control and intervention wards during the
study.

Secondary outcomes: postoperative complications were registered prospectively by doctors in the
Dutch National Surgical Adverse Event Registration database. Furthermore, the duration of hospital
stay and health-related quality of life were assessed approximately 3 months after admission using the
validated questionnaires EuroQol–5D and EQ-VAS. In addition, the number and duration of any read-
missions within 3 months were recorded, measured from the patients’ questionnaires.

Notes Funding: ZonMw, the Dutch Organization for Health Research and Development (project number
170882706)

Risk of bias

Bias Authors' judgement Support for judgement

Random sequence genera-
tion (selection bias)

Unclear risk Method of randomisation not described.

Allocation concealment
(selection bias)

High risk Described as randomised at ward level and that "consecutive patients admit-
ted for elective surgery with expected hospital stay longer than 48 h were in-
cluded." There were 3 intervention wards and 3 control wards and in total 547
patients were included in the intervention group and 547 in the control group.
There is no description of how informed consent was obtained from patients
in either group and the equal number of patients in each group is unlikely to
have happened by chance. This suggests possible selection bias and is why we
judged the trial as high-risk. The trial authors did not respond regarding our
queries to clarify methods of randomisation and allocation.

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

High risk Not described, but probably not blinded.

Blinding of outcome as-
sessment (detection bias)
Hospital readmissions (all-
cause)

Low risk The number and duration of any readmissions within 3 months were recorded,
measured from the patients’ questionnaires. If patients reported readmission
to the original hospital, this was confirmed by checking the hospital informa-
tion system. It is not stated whether the study was blinded, but the outcome of
readmissions is objective and will likely not be influenced by the lack of blind-
ing.

Blinding of outcome as-
sessment (detection bias)
Health-related quality of
life

Low risk Health-related quality of life was assessed approximately 3 months after ad-
mission using the validated questionnaire EuroQol–5D. The questionnaire
was sent to the patients who filled out and returned it. Participant knowledge
about the assignment was assessed as unlikely to influence the outcome.

SUREPILL 2015  (Continued)
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Incomplete outcome data
(attrition bias)
Hospital readmissions (all-
cause)

High risk High loss to follow-up: 34% (185/547) in both the medication review group
and the control group. Data were assessed from patients’ questionnaires. If
patients reported readmission to the original hospital, this was confirmed by
checking the hospital information system. 547 participants were randomised
to both control and intervention group. Unclear why they only reported data
from 362 participants in both groups.

Incomplete outcome data
(attrition bias)
Health-related quality of
life

High risk High loss to follow-up: 32% (338/1062). Approximately 3 months after the hos-
pital admission, questionnaires were sent to 1062 of 1094 participants; the re-
maining 32 patients had died or had no recorded address. Some 755 patients
(71.1%) returned the questionnaire, and 724 (68.2%) completed the quality of
life assessment and data concerning readmission.

Selective reporting (re-
porting bias)

Low risk Relevant outcomes were included in the trial and were similar to the informa-
tion provided in the protocol.

Direct (non-)medical costs and indirect non-medical costs, and extra costs per
prevented ADE, were secondary outcomes in the protocol, but not reported in
the trial publication.

Contamination bias Low risk Cluster-randomised.

Other bias High risk Major methodological issues were identified leading to high risk of bias.

First, it is uncanny that there are exactly the same number of participants who
returned questionnaires about quality of life and readmission in each group.
In total, there are data from 724 participants, which are evenly distributed be-
tween the control group and the intervention group with 362 in each (see Ta-
ble 4).

Recruitment bias: low risk (support for judgement: included elective surgical
patients. Inclusion unlikely to be associated with group allocation.)

Baseline imbalance: high risk of bias (support for judgement: 3 surgical wards
from 3 hospitals were included in the medication review group and 3 surgical
wards in the control group. Since only one type of surgical ward exists in each
hospital and due to only 3 clusters this creates a high risk of baseline imbal-
ance on important prognostic factors (i.e. co-morbidities and types of drug
treatment). This is also suggested in Table 1 were there are statistically signif-
icant differences in important characteristics (e.g. patients undergoing vascu-
lar surgery and patients with co-morbidities were over-represented in the in-
tervention wards)).

Loss of clusters: low risk of bias (support for judgement: no loss of clusters

Incorrect analysis: high risk of bias (support for judgement: no adjustment for
clusters)

Comparability with individually randomised trials: high risk of bias (support
for judgement: familiarity with medication reviews among surgeons at med-
ication review wards may improve adherence to recommendations by phar-
macists compared with trials randomised at individual level (i.e. herd effect)).

SUREPILL 2015  (Continued)

Abbreviations:
ADE: adverse drug event
ADR: adverse drug reaction
AOU: Assessment Of Underutilization index
ATC: Anatomical Therapeutic Chemical Classification System
CAS: computerised alert systems
COPD: chronic obstructive pulmonary disease
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CPOE: computerised physician order entry
DRP: drug-related problem
DRR: drug-related readmission
ED: emergency department
EQ-5D: standardised instrument of the EuroQol Group used to measure health outcomes
FASS: Pharmaceutical Specialities in Sweden
GP: general practitioner
HF: heart failure
HRQL: health-related quality of life
ICECAP-O: ICEpop CAPability measure for Older people
INR: international normalised ratio
IQR: interquartile range
MAI: Medication Appropriateness Index
MDRD: modification of diet in renal disease
PIM: potentially inappropriate medication
PIP: potentially inappropriate prescribing
START: Screening Tool to Alert to Right Treatment
STOPP: Screening Tool of Older Persons’ potentially inappropriate Prescriptions
 

Characteristics of excluded studies [ordered by study ID]

 

Study Reason for exclusion

[no author] 2001 Not a randomised controlled trial

AbuRuz 2021 Outcome did not meet inclusion criteria (prevalence of DRPs and no follow-up data after discharge)

ACTRN12605000264684 2005 Population did not meet inclusion criteria (medication review done in general practice)

ACTRN12605000376640 2005 Population did not meet inclusion criteria (the intervention was a pharmacist transition co-ordina-
tor for older adults undergoing first-time transfer from a hospital to a long-term care facility. The
medication review was performed by the community pharmacist within 10 to 14 days of the trans-
fer to long-term care facility).

ACTRN12611000370909 2011 Population did not meet inclusion criteria (residential aged care facilities)

ACTRN12611000995976 2011 Intervention did not meet inclusion criteria (all medication review recommendations were sent to
the general practitioners (to be implemented after discharge))

ACTRN12611001262998 2011 Population did not meet inclusion criteria (included outpatients)

ACTRN12616001034426 2016 Intervention did not meet inclusion criteria (medication management plan in the medical dis-
charge summary)

ACTRN12616001474448 2016 Intervention did not meet inclusion criteria (discharge service)

ACTRN12617001293358 2017 Population did not meet inclusion criteria (intervention done after discharge)

ACTRN12618000250235 2018 Population did not meet inclusion criteria (included outpatients)

ACTRN12618000794202 2018 Population did not meet inclusion criteria (included outpatients)

ACTRN12619000729123 2019 Intervention did not meet inclusion criteria (ADR risk assessment and medication management
plan)

Ahmad 2012 Intervention did not meet inclusion criteria (to be implemented after discharge)

Al-Hashar 2018 Intervention did not meet inclusion criteria (medication reconciliation)
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Study Reason for exclusion

Alicic 2016 Population did not meet inclusion criteria (intervention to be done after discharge)

Allen 1986 Intervention did not meet inclusion criteria (geriatric team)

Al Mazroui 2009 Population did not meet inclusion criteria (included outpatients)

Al-Rashed 2002 Intervention did not meet inclusion criteria (only drug information)

Awdishu 2016 Intervention did not meet inclusion criteria (physicians randomised to receive clinical decision sup-
port in the electronic health record)

Balaban 2015 Intervention did not meet inclusion criteria (hospital-based Community Health Workers provided
coaching and assistance in navigating the transition from hospital to home through hospital visits
and weekly telephone outreach)

Basoor 2011 Intervention did not meet inclusion criteria (Heart Failure Discharge Checklist)

Bell 2016 Intervention did not meet inclusion criteria (medication reconciliation, inpatient pharmacist coun-
selling, adherence aids and individualised telephone follow-up after discharge)

Bhagwan 2018 Intervention did not meet inclusion criteria (medication reconciliation)

Boland 2016 Not a randomised controlled trial

Bolas 2004 Intervention did not meet inclusion criteria (only medication reconciliation)

Bondesson 2013 Not a randomised controlled trial

Bonnet-Zamponi 2010 Not a randomised controlled trial

Bonnet-Zamponi 2013 Not a randomised controlled trial (used a Zelen design by which consent is obtained after randomi-
sation, leading to selection bias)

Brecher 2015 Population did not meet inclusion criteria (chronic care geriatric facility)

Briggs 2015 Population did not meet inclusion criteria (medication review done in the Emergency Department)

Bruhwiler 2018 Intervention did not meet inclusion criteria (standardised prescription check))

Bruhwiler 2019 Intervention did not meet inclusion criteria (medication reconciliation at discharge)

Bulow 2018 Not a randomised controlled trial

Burleson 2003 Intervention did not meet inclusion criteria (medication history)

Burnett 2009 Outcome did not meet inclusion criteria (medication appropriateness)

Capobussi 2016 Intervention did not meet inclusion criteria (Computerised Decision Support Systems)

Cardinale 1993 Not a randomised controlled trial

Chen 2014 Full text in Chinese. The study is excluded based on the abstract. Intervention did not meet inclu-
sion criteria (continuity of care model).

Chiu 2018 Not a randomised controlled trial
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Ciechanover 1987 Not a randomised controlled trial

Connor 2012 Outcome did not meet inclusion criteria (no follow-up data after discharge according to study au-
thors)

Crotty 2004 Intervention did not meet inclusion criteria (medication reconciliation)

CTRI/2014/08/004900 2014 Population did not meet inclusion criteria (included outpatients)

Dalton 2018 Not a randomised controlled trial (publication comparing the interventions of O'Connor 2016 and
O'Sulivan 2016. Both trials are excluded in this review because outcome did not meet inclusion cri-
teria (no follow-up data after discharge according to study authors)).

Dalton 2019 Not a randomised controlled trial

Dalton 2019a Not a randomised controlled trial (publication comparing the interventions of O'Connor 2016 and
O'Sulivan 2016. Both trials are excluded in this review because outcome did not meet inclusion cri-
teria (no follow-up data after discharge according to study authors)).

Dauphinot 2017 Population did not meet inclusion criteria (included outpatients)

DRKS00007696 2015 Not a randomised controlled trial

DRKS00013321 2017 Population did not meet inclusion criteria (patients received medication review in community
pharmacies)

DRKS00013538 2017 Not a randomised controlled trial

Dudley-Brown 2016 Intervention did not meet inclusion criteria (Medication Therapy Management for patients with in-
flammatory bowel disease)

Ee 2019 Population did not meet inclusion criteria (included outpatients at rehabilitation hospital)

Erku 2017 Population did not meet inclusion criteria (outpatient visits at the diabetes illness follow-up care
clinic)

EUCTR-004236-38-GB 2016 Population did not meet inclusion criteria (intervention done in primary care)

Franchi 2016 Intervention did not meet inclusion criteria (e-learning educational programme)

Frankenthal 2014 Population did not meet inclusion criteria (chronic geriatric facility)

Frankenthal 2017 Population did not meet inclusion criteria (chronic geriatric facility (long-term follow-up of
Frankenthal 2014))

Gallagher 2015 Outcome did not meet inclusion criteria (a cost-effectiveness analysis)

Gallagher 2015a Outcome did not meet inclusion criteria (a cost-effectiveness analysis)

Gallagher 2016 Outcome did not meet inclusion criteria (a cost-effectiveness analysis)

Gallagher 2017 Outcome did not meet inclusion criteria (a cost-effectiveness analysis)

Garcia 2015 Population did not meet inclusion criteria (received pharmacist follow-up programme at dis-
charge, 3 months and 12 months after discharge; recommendations were communicated to the pa-
tients’ general practitioners)
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Gattis 1999 Population did not meet inclusion criteria (included outpatients)

Geneletti 2019 Intervention did not meet inclusion criteria (discharge letter send to the general practitioner)

George 2011 Population did not meet inclusion criteria (included outpatients (patients seen at surgical pread-
mission clinic))

Gines 2016 Population did not meet inclusion criteria (medication review in the Emergency Department. Rec-
ommendations to modify treatment are send to General Practitioner).

Goldberg 2019 Not a randomised controlled trial

Granados 2020 Outcome did not meet inclusion criteria (medication errors)

Hedegaard 2014 Intervention did not meet inclusion criteria (the medication review focused on thrombo-preventive
agents and potential adherence problems related to these)

Hedegaard 2015 Intervention did not meet inclusion criteria (the medication review focused on thrombo-preventive
agents and potential adherence problems related to these)

Hellstrom 2011 Not a randomised controlled trial

Heselmans 2015 Outcome did not meet inclusion criteria (no follow-up data after discharge according to study au-
thors)

Ho 2013 Intervention did not meet inclusion criteria (medication reconciliation, patient education and edu-
cational and medication refill reminder calls)

Hohl 2017 Not a randomised controlled trial

Ilting-Reuke 2018 Intervention did not meet inclusion criteria (only focused on treatment of delirium)

Iltingreuke 2019 Intervention did not meet inclusion criteria (telecare service)

ISRCTN01624723 2007 Not a randomised controlled trial

ISRCTN11674947 2012 Population did not meet inclusion criteria (included outpatients)

ISRCTN11751440 2017 Not a randomised controlled trial. The study was a prospective, single-centre, unblinded, dual arm
interventional study. Allocation was through cluster-randomisation by admission date; allocation
to the intervention or control arm was based on which CTU team the patient was admitted under,
which alternated between the 2 teams on a daily basis.

ISRCTN17219647 2017 Population did not meet inclusion criteria (patients not admitted to hospital)

ISRCTN32281812 2017 Population did not meet inclusion criteria (patients to be seen at outpatient clinic (Medication
Therapy Services clinic))

ISRCTN38449870 2013 Population did not meet inclusion criteria (intervention done by general practitioners)

JPRN-UMIN000024250 2016 Population did not meet inclusion criteria (included patients at rehabilitation hospital)

JPRN-UMIN000033814 2018 Not a randomised controlled trial

Kang 2018 Not a randomised controlled trial
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Karapinar-Çarkıt 2017 Outcome did not meet inclusion criteria (cost-effectiveness)

KCT0005994 Outcome did not meet inclusion criteria (difference in the number of ADEs and PIMs)

Kelly 2011 Not a randomised controlled trial

Kindstedt 2020 Population did not meet inclusion criteria (included outpatients)

Koehler 2009 Intervention did not meet inclusion criteria (no medication review)

Kripalani 2011 Intervention did not meet inclusion criteria (medication reconciliation, inpatient pharmacist coun-
selling, low-literacy adherence aids and telephone follow-up)

Lea 2018 Intervention did not meet inclusion criteria (conference abstract describes the baseline character-
istics of multi-morbid patients included in a randomised controlled trial, but does not describe the
intervention)

Leguelinel-Blache 2018 Not a randomised controlled trial

Lind 2016 Outcome did not meet inclusion criteria (length of stay)

Lind 2017 Outcome did not meet inclusion criteria (the primary outcome measure was a comparison of
changes in the Electronic Medication Module (EMM) and changes proposed by CPs)

Lipton 1992 Outcome did not meet inclusion criteria (medication appropriateness)

Lonnbro 2017 Population did not meet inclusion criteria (included outpatients) and not randomised

Mao 2015 Intervention did not meet inclusion criteria (multidisciplinary disease management programme)

Marinovic 2021 Outcome did not meet inclusion criteria (post-discharge unintentional medication discrepancies)

Martinez 2019 Population did not meet inclusion criteria (included patients in the emergency department)

Marusic 2013 Intervention did not meet inclusion criteria (counselling)

Mateti 2018 Population did not meet inclusion criteria (included outpatients)

McCoy 2012 Intervention did not meet inclusion criteria (pharmacy surveillance and clinical decision support)

McDonald 2018 Outcome did not meet inclusion criteria (medication appropriateness)

McMullin 1999 Not a randomised controlled trial

Mendes 2021 Intervention did not meet inclusion criteria (article discussing the findings of Blum 2021)

Michalek 2014 Outcome did not meet inclusion criteria (no follow-up data after discharge)

Mishra 2017 Population did not meet inclusion criteria (included outpatients)

Nachtigall 2019 Not a randomised controlled trial (quasi-randomised)

Naughton 1994 Intervention did not meet inclusion criteria (geriatric team)

NCT00205140 2005 Not a randomised controlled trial
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NCT00279656 2006 Intervention did not meet inclusion criteria (pharmaceutical care)

NCT00351676 2006 Population did not meet inclusion criteria (primary care) and not a randomised controlled trial

NCT00416026 2006 Intervention did not meet inclusion criteria (telephone counselling intervention)

NCT00541606 Population did not meet inclusion criteria (ambulatory care setting)

NCT00773942 2010 Population did not meet inclusion criteria (intervention done in community pharmacies and family
medicine clinics)

NCT00844025 2010 Outcome did not meet inclusion criteria (number of unsolved drug-related problems)

NCT01034761 2009 Outcome did not meet inclusion criteria (the percentage of elderly patients who receive a specified
high-risk medication from the Beer's list)

NCT01134900 2010 Intervention did not meet inclusion criteria (pharmacy surveillance and clinical decision support)

NCT01164137 2013 Population did not meet inclusion criteria (medication reconciliation in the patients' home after
hospital discharge)

NCT01212211 2011 Population did not meet inclusion criteria (included outpatients)

NCT01356563 2011 Population did not meet inclusion criteria (included outpatients)

NCT01467050 2012 Outcome did not meet inclusion criteria (number of patients with probable and definite adverse
drug events in hospital)

NCT01467128 2012 Outcome did not meet inclusion criteria (number of patients with definite and possible adverse
drug events during their hospital admission. No follow-up data after discharge according to study
authors.)

NCT01503554 2011 Not a randomised controlled trial

NCT01513265 2012 Not a randomised controlled trial

NCT01602744 2012 Population did not meet inclusion criteria (participants live in the geriatric hospital permanently)

NCT01627483 2010 Intervention did not meet inclusion criteria (medication review was performed once during the
hospital stay and twice after discharge from the hospital)

NCT01739816 2014 Population did not meet inclusion criteria (pharmacies)

NCT01814280 2013 Not a randomised controlled trial

NCT01906710 2013 Not a randomised controlled trial

NCT01969526 2016 Population did not meet inclusion criteria (intervention conducted in primary care teams)

NCT02047448 2017 Population did not meet inclusion criteria (intervention is done both in hospital and after dis-
charge)

NCT02052505 2015 Not a randomised controlled trial (controlled before-and-after study)

NCT02085837 2014 Population did not meet inclusion criteria (included outpatients)
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NCT02102503 2018 Population did not meet inclusion criteria (included outpatients)

NCT02122965 2013 Not a randomised controlled trial

NCT02149940 2013 Not a randomised controlled trial

NCT02165618 2014 Not a randomised controlled trial

NCT02202096 2016 Intervention did not meet inclusion criteria (medication reconciliation, patient education and dis-
charge counselling)

NCT02232126 2014 Population did not meet inclusion criteria (social worker preformed in-home assessment and tele-
phone follow-up after discharge from hospital)

NCT02275572 2014 Population did not meet inclusion criteria (primary care)

NCT02317666 2015 Population did not meet inclusion criteria (medication review by the community pharmacist in col-
laboration with the patient’s general practitioner)

NCT02379455 2017 Population did not meet inclusion criteria (included outpatients)

NCT02598115 2016 Not a randomised controlled trial (a multicentric, stepped wedge, cluster-randomised trial. This in-
volves sequential roll-out of an intervention to participants over a number of time periods. By the
end of the study, all participants will have received the intervention, although the order in which
participants receive the intervention is determined at random.)

NCT02664948 2015 Not a randomised controlled trial (quasi-randomised)

NCT02712268 2013 Not a randomised controlled trial

NCT02740764 2016 Population did not meet inclusion criteria (included outpatients)

NCT02871115 2019 Population did not meet inclusion criteria (included outpatients)

NCT02942927 2019 Population did not meet inclusion criteria (medication review to be done by community pharma-
cist and family doctor)

NCT03123640 2017 Duplicate (identical reference to ongoing study NCT03123640)

NCT03272607 2019 Stepped wedge design with only 3 clusters. Not considered to be a randomised trial.

NCT03354845 2017 Outcome did not meet inclusion criteria (cost savings). No relevant outcomes in publication of re-
sults: Charissa Ann Jia Ming Ee, Kheng Hock Lee, Hee Lim Tan and Lian Leng Low. Effectiveness and
feasibility of de-prescribing of symptomatic medications in a Singapore rehabilitation hospital.
Proceedings of Singapore Healthcare, 2018.

NCT03360305 2019 Population did not meet inclusion criteria (patients seen in the Emergency Department, and dis-
charged from there)

NCT03369652 2017 Not a randomised controlled trial

NCT03369652 2018 Not a randomised controlled trial. Author sent protocol.

NCT03445767 2018 Population did not meet inclusion criteria (included outpatients)

NCT03557944 2019 Population did not meet inclusion criteria (included outpatients)
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NCT03671629 2021 Population did not meet inclusion criteria (included outpatients)

NCT03695081 2019 Not a randomised controlled trial

NCT03713112 2019 Population did not meet inclusion criteria (included outpatients)

NCT03722017 2021 Population did not meet inclusion criteria (included outpatients)

NCT03750500 2018 Population did not meet inclusion criteria (included outpatients - home-based falls prevention pro-
gramme)

NCT03824106 2023 Population did not meet inclusion criteria (included outpatients)

NCT03902028 2021 Intervention did not meet inclusion criteria (reinforced multidisciplinary follow-up)

NCT03909035 2021 Population did not meet inclusion criteria (included outpatients)

NCT03922529 2019 Intervention did not meet inclusion criteria (to be implemented after discharge from hospital)

NCT04077281 2019 Intervention did not meet inclusion criteria (telemedicine)

NCT04082871 2019 Population did not meet inclusion criteria (included outpatients)

NCT04087109 2020 Population did not meet inclusion criteria (residents of long-term care facilities)

NCT04151797 2019 Not a randomised controlled trial

NCT04188470 2019 Population did not meet inclusion criteria (primary care)

NCT04228900 2020 Population did not meet inclusion criteria (patients not admitted to hospital) and not a ran-
domised controlled trial

NCT04251520 2020 Population did not meet inclusion criteria (included outpatients)

NCT04278794 2020 Population did not meet inclusion criteria (included outpatients)

NCT04360746 2020 Population did not meet inclusion criteria (geriatric rehabilitation department) and not a ran-
domised controlled trial

NCT04391218 2020 Population did not meet inclusion criteria (patients hospitalised at home)

NCT04417400 2020 Population did not meet inclusion criteria (included patients in pharmacy practice)

NCT04553107 2020 Population did not meet inclusion criteria (primary care)

NCT04556786 2020 Population did not meet inclusion criteria (included outpatients)

NCT04722588 2021 Intervention did not meet inclusion criteria (introducing clinical pharmacists to the interdiscipli-
nary emergency department team) and not a randomised controlled trial

NCT04796701 2021 Population did not meet inclusion criteria (included outpatients) and not a randomised controlled
trial

Nymoen 2019 Not a randomised controlled trial
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O'Brien 2018 Outcome did not meet inclusion criteria (cost‑effectiveness analysis)

O'Connor 2016 Outcome did not meet inclusion criteria (no follow-up data after discharge according to study au-
thors)

O'Sullivan 2016 Outcome did not meet inclusion criteria (no follow-up data after discharge according to study au-
thors)

Okere 2015 Not a randomised controlled trial

Pazan 2017 Outcome did not meet inclusion criteria (conference abstract for Pazan 2018 (excluded - no fol-
low-up data after discharge)

Pazan 2018 Outcome did not meet inclusion criteria (secondary analysis of Wehling 2016 (excluded reference)

Pazan 2019 Outcome did not meet inclusion criteria (secondary analysis of Wehling 2016 (excluded reference)

Pfister 2017 Not a randomised controlled trial

Phatak 2016 Intervention did not meet inclusion criteria (medication reconciliation, discharge counselling and
post-discharge phone calls)

Pope 2011 Intervention did not meet inclusion criteria (medication review implemented after discharge)

Rainville 1999 Intervention did not meet inclusion criteria (only heart failure medication reviewed)

Sakthong 2018 Population did not meet inclusion criteria (included outpatients)

Saltvedt 2005 Outcome did not meet inclusion criteria (medication use)

Santolaya-Perrin 2016 Population did not meet inclusion criteria (medication review conducted in the Emergency Depart-
ment. Recommendation to modify the treatment is sent to the Primary Care Physician)

Santolaya-Perrin 2019 Population did not meet inclusion criteria (medication review conducted in the Emergency Depart-
ment. Recommendation to modify the treatment is sent to the Primary Care Physician)

Schmader 1997 Not a randomised controlled trial

Schmader 2004 Intervention did not meet inclusion criteria (geriatric team)

Sjoberg 2013 Intervention did not meet inclusion criteria (medication review restricted to fall risk-increasing
drugs)

SLCTR//011 2018 Population did not meet inclusion criteria (included outpatients)

SLCTR//029 2013 Not a randomised controlled trial

Smith 1996 Not a randomised controlled trial

Spinewine 2007 Not a randomised controlled trial (quasi-randomised trial, used alternate randomisation)

Stowasser 2002 Intervention did not meet inclusion criteria (medication reconciliation)

Tallon 2016 Not a randomised controlled trial
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Tan 2018 Population did not meet inclusion criteria (included outpatients)

TCTR20181104004 2018 Population did not meet inclusion criteria (included outpatients)

Van Der Linden 2013 Not a randomised controlled trial (planned RCT in clinical trial registration, but not RCT in final
publication from 2017)

Van Der Linden 2014 Not a randomised controlled trial (planned RCT in clinical trial registration, but not RCT in final
publication from 2017)

Van der Linden 2017 Not a randomised controlled trial (planned RCT in clinical trial registration, but not RCT in final
publication from 2017)

Verbeek 2016 Population did not meet inclusion criteria (included outpatients)

Walker 2009 Not a randomised controlled trial

Wehling 2015 Outcome did not meet inclusion criteria (no follow-up data after discharge, the primary endpoint
was the FORTA score)

Wehling 2016 Outcome did not meet inclusion criteria (no follow-up data after discharge, the primary endpoint
was the FORTA score)

Williams 2012 Intervention did not meet inclusion criteria (medication reconciliation and discharge counselling)

Zhao 2015 Intervention did not meet inclusion criteria (only cardiovascular drugs)

Zhao 2015a Intervention did not meet inclusion criteria (only cardiovascular drugs)

ADR: adverse drug reaction
CTU: clinical teaching unit
CP: clinical pharmacist
DRP: drug-related problem
FORTA: Fit fOR The Aged
PIM: potentially inappropriate medication
RCT: randomised controlled trial
 

Characteristics of ongoing studies [ordered by study ID]

 

Study name The Australian Team Approach to Polypharmacy Evaluation and Reduction (AusTAPER) study for
older hospital inpatients

Methods Randomised controlled trial

Participants Inclusion criteria:

• Hospital inpatient

• Aged 70 years or more

• Taking 5 or more regular medicines (these might be medicines prescribed by the GP, bought over-
the-counter or herbal/alternative remedies)

• A regular patient at their GP practice

• Living in the community

Exclusion criteria:

ACTRN12618000979257 2018 
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• Inadequate language skills to participate

• Terminal phase of life, or not available for 12-month study follow-up

• Place of residence is a Residential Aged Care Facility (RACF)

• Diagnosis of dementia or Alzheimer's (as recorded by medical records)

• Anticipated length of hospital stay (at screening) is 48 hours or greater

• Have had a comprehensive GP or pharmacist-led Home Medicines Review (HMR) within the last
12 months

• Already enrolled in the AusTAPER Pilot study

Interventions Intervention group:

The AusTAPER is a web-based software application that can be used as a generic tool for a collabo-
rative medication review between the participant, hospital team, study pharmacist and GP.

At an initial consultation with the pharmacist, data will be entered on the participant’s medica-
tions, dosages and indications; any reported side effects; the patient’s priorities and preferences
for treatment; and medication-related data such as blood pressure and creatinine (if known). The
TAPER App tool performs a ‘machine screen’ comprising (1) interaction checker; and (2) listing of
potentially inappropriate medicines (including the Screening Tool of Older Person's potentially
inappropriate prescriptions, the Beers List, anticholinergic and serotonergic burden, and QT-pro-
longing drugs). This screen is also supported by existing evidence-based resources providing num-
bers needed to treat/harm, and decision aids for de-prescribing and tapering guidelines were avail-
able.

The research staG and study pharmacist record notes in the web-based AusTAPER App. "We will li-
aise with GPs for follow-up post-discharge, and the GP will also record notes in the AusTAPER App,
which is intuitive to use for GPs familiar with practice software."

The key steps for TAPER are:

(1) Study pharmacist consultation (approximately 30 mins): the medication data and this informa-
tion will be entered into the TAPER App. Through the application of automated filters within the
TAPER App, potentially inappropriate medications, medication interactions and warnings will be
identified and flag medications that are candidates for discontinuation or dose reduction. Based
on these data, the study pharmacist will generate preliminary recommendations for medicines op-
timisation.

(2) Hospital and usual doctor consultation (same day when feasible): the study pharmacist will li-
aise with both the hospital multi-disciplinary team and the participant’s usual GP. A prioritised plan
for appropriate discontinuations and a template for monitoring frequency, duration and criteria for
medicine recommencement will then be confirmed with the agreement of the hospital multi-disci-
plinary team and GP (if possible). The study pharmacist will then carry out a comprehensive med-
ication review focused on medications suitable for discontinuation or dose reduction informed by
this list, report medication-related adverse effects from the patient, and review the patient’s goals
for treatment. The pharmacist will make recommendations based on this review and add these to
the TAPER clinical pathway.

(3) Review and then commencement of pause-and-monitor discontinuation. This is an opportunity
for the hospital doctor and participant to agree and refine the AusTAPER plan, including monitor-
ing. The pause-and-monitor approach addresses key barriers to de-prescribing, which patients re-
port by making clear a shared understanding of the withdrawal plan that includes monitoring and
agreed criteria for restarting medicines if necessary.

Monitoring during the implementation of the intervention will be individualised as needed/agreed
upon. At each monitoring visit, patients will have a brief consultation (with the study pharmacist
pre-discharge, and with the GP post-discharge) to review progress with the AusTAPER plan and ad-
dress any concerns (such as perceived adverse drug withdrawal events).

Control group: those in the control group will receive standard hospital care

ACTRN12618000979257 2018  (Continued)

Medication review in hospitalised patients to reduce morbidity and mortality (Review)

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

97



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Outcomes Primary outcome: total number of current regular medicines including prescribed medicines,
over-the-counter and complementary and alternative medicines, and herbal and mineral supple-
ments

Secondary outcomes:

• Use of potentially inappropriate medicines

• Emergency presentation and/or unplanned admission to hospital

• Medicine-related emergency presentation and/or unplanned admission to hospital

• Quality of life measured using EQ-5D-5L

• Cognition via the Standardised Mini Mental Status Examination SMMSE

• Falls: number of falls

• Adverse drug withdrawal events

• Serious (e.g. requiring hospital readmission) adverse drug withdrawal events

Starting date July 2018

Contact information Principal investigator: Prof Christopher Etherton-Beer, WA Centre for Health & Ageing (WACHA),
WA Institute for Medical Research, Royal Perth Hospital, Australia, Phone: +61 8 9224 2746. Email:
christopher.etherton-beer@uwa.edu.au

Notes www.anzctr.org.au/ (accessed February 2020); trial ID: ACTRN12618000979257

ACTRN12618000979257 2018  (Continued)

 
 

Study name Optimization of Nutrition And Medication (OptiNAM) for acutely admitted older patients: protocol
for a randomized single blinded controlled trial

Methods Randomised controlled trial

Participants Setting: Hvidovre Hospital, Denmark

Inclusion criteria:

• ≥ 65 years

• Acutely admitted to the ED

• Community-dwelling and residing in one of the following municipalities: Hvidovre, Copenhagen
(Districts of West and South Western Copenhagen) or Brøndby

Exclusion criteria:

• Inability to understand Danish

• Inability to co-operate physically (e.g. hearing or speech impairment) or cognitively (e.g. dementia
or unconsciousness)

• Isolation room stay

• Not Caucasian

• Admission due to suicide attempt or terminal illness

Interventions Intervention group: optimisation of nutrition and medication

(1) Inter-professional optimisation of medication prescribing: Study participants in the interven-
tion group receive optimisation of medication prescribing at admission day (baseline) regardless of
nutritional state. The intervention is performed in co-operation between a clinical pharmacist and
a medical physician.

Andersen 2021 
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(2) Nutritional intervention: If positive screening for malnutrition or risk of malnutrition a dietetic
intervention is initiated and if positive screening below interventions is initiated: dysphagia: occu-
pational therapy intervention; oral cavity problems: odontological intervention; depression: geri-
atric intervention; low ADL: occupational therapy intervention; if positive screening for poor mus-
cle strength: physiotherapeutic intervention

Control group: the control group receives standard care

Outcomes Primary outcomes:

• Changes in quality of life score EuroQol-5 Dimensions- 5 Levels (sub-study 1) (time frame: baseline,
week 8 and week 16)

• Changes in Medication Appropriateness Index score (sub-study 2) (time frame: baseline, week 8
and week 16)

• Accuracy of renal function estimates (sub-study 3) - cystatin C (time frame: baseline or no later
than 14 days after admission). Differences between GFR measured by a renally excreted radioac-
tive labelled isotope (chromium 51-Cr-EDTA or 99mTc diethylenetriaminepentaacetic acid) and
estimated GFR based on creatinine and cystatin C or a combination of the biomarkers.

Secondary outcomes:

(All secondary outcomes are assessed at baseline (admission day), week 8 and week 16):

• Walking speed to evaluate the development in physical performance (4-Metre Walk Test)

• Functional measurement to evaluate the development in physical performance (30-second chair
stand test)

• Functional measurement to evaluate the development in physical performance (handgrip
strength test)

• Functional measurement to evaluate the development in physical performance (De Morton Mo-
bility Index)

• The measure of physically active time and number of steps taken assessed by applying an activPAL
chip to the thigh for 1 week

• Frailty assessment (Fried frailty phenotype)

• Frailty assessment (Morley's FRAIL questionnaire)

• Anthropometric measurement to monitor changes in body weight

• Cognitive test aiming to evaluate cognitive function (Orientation Memory Concentration test)

• Patient records (contacts related to the healthcare system, medication lists, use of municipal ser-
vices)

• Standard admission blood work (ALT, albumin, alkaline phosphatase, bilirubin, CO2, CRP, haemo-
globin, INR, K+, blood urea nitrogen, coagulation factors, leucocytes, neutrophils, MCH, MCV, Na
+, thrombocytes, lactate-dehydrogenases, NGAL, β-trace protein and β-trace microglobulins)

• Quality of life score, WHO-5 (patient-administered quality of life scoring system with a focus on
general well-being on a scale from 0 to 100)

• Cognitive performance - Mini Mental State Examination

• Cognitive performance - Hopkins verbal learning test

• Cognitive performance - trail making test

• Cognitive performance - Digit Symbol Substitution test

• Assessment of dietary intake after admission (24 hours dietary recall)

• Evaluation of medication under-prescribing (assessment of under-utilisation index (AOU))

• Inflammatory marker to evaluate the inflammatory state (SuPAR)

• Polypharmacy (the number of patients in polypharmacy)

• Potentially inappropriate medication to elderly (the number of potentially inappropriate medica-
tion prescriptions)

• Acceptance of suggested changes in medications (frequency of physicians' acceptance of sug-
gested changes in medications)

• Accuracy of renal function estimates - all biomarkers (time frame: baseline (admission day) or no
later than 14 days after admission). (Differences between GFR measured by a renally excreted ra-

Andersen 2021  (Continued)
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dioactive labelled isotope (chromium 51-Cr-EDTA or 99mTc diethylenetriaminepentaacetic acid)
and estimated GFR based on creatinine, cystatin C, beta-trace protein, beta-2 microglobulin or a
combination of the biomarkers)

• Dosing discrepancies of renal risk medication (time frame: baseline (admission day) or no later
than 14 days after admission). (Frequency of renal risk medication prescribed in disagreement
with clinical recommendation guidelines based on measured GFR and the choice of eGFR bio-
marker.)

• Nutritional status (screening scores for undernutrition with Mini Nutritional Assessment - Short
Form, Eating validation scheme, Nutritional Risk Screening-2000)

Other outcome measures:

• Number and types of actionable gene variants - pharmacogenetic test (admission day); the num-
ber of actionable gene variants identified by the pharmacogenetic test

• Number and types of recommended therapy changes - pharmacogenetic test (admission day);
the number of actionable gene variants identified by the pharmacogenetic test

• Health economy related to Sub-study 1 (time frame: baseline, week 8 and week 16 and 1 year after
discharge). Healthcare costs will be evaluated in regards to changes in quality of life measured by
EURO-Qol-5D-5L.

Starting date 15 October 2018

Contact information Ove Andersen, Department of Clinical Research, Copenhagen University Hospital Amager and Hvi-
dovre, Denmark. Email: Ove.Andersen@regionh.dk

Notes Funding: The Capital Region’s strategic funds (2,000,000 DKK); Capital Region’s fund for transition-
al research (2,011,807 DKK); Danish Regions (1,000,000 DKK); The Danish Research Unit for Hospital
Pharmacy, Amgros I/S, Copenhagen (1,000,000 DKK)), Denmark; and the Læge Sofus Carl Emil Friis
og Hustru Olga Doris Friis' Legat (190,000 DKK)

Trial ID: ClinicalTrials.gov NTC03741283

Andersen 2021  (Continued)

 
 

Study name Elderly patients multi-drug management: a multicenter randomized controlled trial

Methods Cluster-randomisation; in this study, a third-party randomisation method was used to allocate 5
centres: 2 centres as control group and 3 centres as intervention group

Participants Inclusion criteria:

• Aged 65 to 85 years old

• Hypertension, hyperlipidaemia, coronary heart disease, cerebral infarction, diabetes patients in
Cardiology Department, cerebral infarction ward of Neurology Department and Endocrinology
Department

• Using more than 5 oral medications for cardio-cerebrovascular systems and diabetes

• Patients volunteered to merge and sign the informed consent

Exclusion criteria:

• Patients with cancer, blood system diseases and other serious diseases or life expectancy less
than 1 year

• Taking non-cardio-cerebrovascular or non-diabetic drugs such as respiratory and digestive sys-
tems medications at the same time

• Patients who stay in ICU

• Peri-operative patients

ChiCTR1800017706 2018 
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• Patients with hearing loss, mental retardation, severe visual impairment and other factors that
affect the quality of follow-up

Interventions Pharmacists intervention with aid of intelligentialised medication review system

Outcomes • Incidence of potentially inappropriate medication use

• Drug compliance

• Blood pressure

• Total cholesterol

• Low density lipoprotein

• Triglyceride

• Blood glucose

Starting date January 2019

Contact information Study leader: Yan Suying; email: yansuying10@xwhosp.org; phone: +86 13708905057

Notes Chinese Clinical Trial Registry (accessed February 2020)
Trial ID: ChiCTR1800017706

ChiCTR1800017706 2018  (Continued)

 
 

Study name The Alice Springs Hospital Readmission Prevention Project (ASHRAPP): a randomised control trial

Methods Randomised control trial

Participants Setting: Alice Springs Hospital, the regional referral centre for remote Central Australia

Inclusion criteria:

• 18 years and older

• 4 or more adult medical and/or non-elective surgical admissions over the preceding 12 months
or 8 over the preceding 24 months

• Resident of Central Australia

Exclusion criteria:

• Anticipated life expectancy of 12 months or less based on treating specialist assessment

• Stage 5 chronic kidney disease (eGFR < 15 mL/min or receiving renal replacement therapy)

• Solid organ transplant (including renal transplant)

• Active palliative care involvement

• Previously been enrolled in the study (such participants will have ongoing care as per their original
study allocation)

Interventions Participants allocated to the intervention group will be provided with a multi-dimensional and
case based transitional care package led by a team consisting of a medical officer, nurse, Aborigi-
nal Health Practitioner and pharmacist. At each admission, the participants will have the following
provided during their inpatient stay.

1. A comprehensive needs-based semi-structured interview

2. Co-ordination of referrals to allied health, social work, mental health and/or substance abuse and
addiction services

3. Nurse and medical officer-led education to participant and family regarding diagnosis and prin-
ciples of management supported by Aboriginal language interpreters and Aboriginal HealthPrac-
titioners

Diplock 2017 
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4. Full medication review, reconciliation and bedside education by the dedicated team pharmacist

5. Case conferencing with ward-based medical and nursing staG to develop a clear ongoing man-
agement plan including expectations regarding post-hospital management

6. Liaison with local primary healthcare providers

7. Development of a written discharge plan with the treating medical team, participant, primary
healthcare provider and family with a copy being given to the participant and sent to a designated
individual at the primary health care site at the time of discharge

The intervention team will facilitate the following activities following discharge through liaison
with the participant, family and/or primary health care provider:

1. Telephone case conference with patient and family between day 3 and 5 of discharge. The re-
searcher will provide advice and modify the management plan depending on outcomes of this
phone interview.

2. Telephone case conference with primary care provider between day 1 and 5 post-discharge. The
researcher will provide the primary care provider with a summary of the admission and discharge
plan and an opportunity to clarify any confusion.

3. Participant primary healthcare review within 7 days following hospital discharge

4. Support for participants if they return to hospital for outpatient review and/or investigations
to encourage ambulatory service attendance and to consolidate understanding of management
plans and expectations

Participants allocated to the control group will receive usual care

Outcomes All outcomes will be assessed at 12 months

Primary outcome: number of all-cause hospital admissions

Secondary outcomes:

• Rate of associated all-cause hospital inpatient days

• Overall rate of emergency department attendances

• Days alive and out-of-hospital

• Number of ICU/HDU admissions and bed days

• Time to first primary healthcare review following hospital discharge

• Healthcare costs

Starting date Anticipated date of first participant enrolment 29 June 2015

Contact information Prof Graeme Maguire, Monash University and Baker IDI Heart & Diabetes Institute, Melbourne, Aus-
tralia. Email: gabrielle.diplock@bakeridi.edu.au

Notes The trial was stopped early after inclusion of 113 participants (210 were planned to be included),
due to lack of funding/staG/facilities and participant recruitment difficulties. Data collected is be-
ing analysed.

Diplock 2017  (Continued)

 
 

Study name Improving inappropriate medication and information transfer at hospital discharge: a cluster-RCT

Methods Double-centre, double-blind, cluster-randomised, parallel-controlled clinical trial

Participants Setting: Institute of Primary Care of the University of Zurich, Switzerland

Inclusion criteria:

• In-hospital patient at the time of inclusion

Grischott 2018 
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• Male or female of 60 years or older with 5 or more drugs prescribed

• Signed informed consent or – in case of a patient incapable of judgement – written consent of a
representative according to the Swiss law

Exclusion criteria:

• End-stage disease with a life expectancy below 3 months

• Cognitive inability to follow study procedures neither independently nor with assistance

• Hospitals who took part in the Swiss national pilot project “progress! Sichere Medikation an Sch-
nittstellen” will not be considered for participation in the trial

Interventions In the intervention group, the senior hospital physicians take part in a 2-hour teaching session on
how to integrate a structured medication review and specific elements of communication into the
daily discharge routine. The senior physicians are responsible for instructing their assistant physi-
cians in patient recruitment and carrying out the correct discharge procedure.

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 2-hour instruction addressing mul-
ti-morbidity, 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: time (in days) without readmission to hospital within 6 months after discharge

Secondary outcomes:

• Readmission rates within 1, 3 and 6 months after discharge

• Numbers of emergency department visits or general practitioner encounters within 1, 3 and 6
months after discharge

• Deaths during follow-up of 6 months

• Reasons for hospital readmission (when applicable), emergency department visits, general prac-
titioner encounters or death are measured using patient records

• Numbers of drugs at discharge and at 1, 3 and 6 months after discharge

• Anatomical therapeutic chemical classes (ATC-codes) of the drugs prescribed/de-prescribed at
discharge and at 1, 3 and 6 months after discharge

• Proportions of potentially inappropriate medications (PIMs) at discharge and at 1, 3 and 6 months
after discharge are measured using hospital records at discharge and patient records and/or calls
(general practitioner records, health insurance company records) and consecutive classification
at the 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 is measured using
the patient questionnaire (EQ-5D-3L-scale)

Starting date January 2017

Contact information Dr. med. Stefan Neuner-Jehle MPH, University Hospital Zurich, Switzerland. Phone: +41 44 255 98
55. Email: stefan.neuner-jehle@usz.ch

Notes Trial ID: ISRCTN18427377

Grischott 2018  (Continued)

 
 

Study name Protocol of a randomised controlled trial on the efficacy of medication optimisation in elderly inpa-
tients: medication optimisation protocol efficacy for geriatric inpatients (MPEG) trial

Ie 2020 
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Methods Randomised controlled trial

Participants Setting: the medical wards of a university-affiliated community hospital in Japan

Inclusion criteria:

• Medical inpatients

• Aged 65 years or older

• Taking 5 or more regularly prescribed medications

• Predicted length of hospital stay after admission: 1 week or longer

Exclusion criteria:

• Inability to take medications orally

• Life expectancy of less than 1 month based on attending physician’s clinical judgement

• Attending physicians disagreeing on study participation

Interventions All participants will be subjected to medication reconciliation by ward-based pharmacists. For
those assigned to the intervention group, the multidisciplinary de-prescribing team will conduct
the medication optimisation intervention within 48 hours of allocation. Overall, the intervention
will consist of a medication review, followed by the development of a medication optimisation pro-
posal based on the STOPP/START criteria and a medication optimisation protocol.

Outcomes Primary outcome: a composite of all-cause death, unscheduled hospital visits and rehospitalisa-
tion until 48 weeks after randomisation

Secondary outcomes (assessed at 24 weeks and 48 weeks post-randomisation):

• Number of regular and PIMs

• Level of long-term care required

• Health-related quality of life

In addition to the above-listed outcomes, the ones listed below, occurring within 48 weeks after
randomisation, will be assessed including the event dates:

• All-cause death

• All-cause death during initial hospitalisation

• Unscheduled hospital visits

• Re-hospitalisation

• Drug adverse events

• Falls

Starting date Date of first enrolment: 1 March 2019

Contact information Dr Kenya Ie. Email: kenya.ie@marianna-u.ac.jp

Notes Funding: The Ministry of Education, Science, Sports and Culture, Grant-in-Aid for Young Scientists,
2018–2021 (grant number 18K15434, Kenya Ie)

Trial ID: UMIN000035265

Ie 2020  (Continued)

 
 

Study name Interdisciplinary collaboration across secondary and primary care to improve medication safety in
the elderly (IMMENSE study): study protocol for a randomised controlled trial

Johansen 2018 
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Methods Randomised controlled trial

Participants Setting: the study is carried out at 2 acute internal medicine wards at the University Hospital of
North Norway (UNN); a geriatric internal medicine ward at UNN Tromsø and a general acute inter-
nal medicine ward at UNN Harstad

Inclusion criteria:

• Age ≥ 70 years

• Acutely admitted

• 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 under the care of physicians from a non-study ward

• If intervention from a study pharmacist is considered necessary for ethical reasons (before ran-
domisation or in the control group)

Interventions Intervention group: patients randomised to the intervention group receive the IMM-based inter-
vention including: (1) MedRec at admission, (2) medication review and monitoring during the hos-
pital stay, (3) patient counselling designed to meet the needs of each individual patient, (4) MedRec
at discharge together with an updated and structured medication list given to patients and sub-
mitted to primary care at discharge and (5) a follow-up phone call to the patient’s GP and nurses in
home care service/nursing home to inform about and discuss current medication therapy and rec-
ommendations. The study pharmacist is performing all steps in close collaboration with the hospi-
tal physician who has the medical responsibility for the patients.

Control group: the control group receives standard care. Patients assigned to standard care re-
ceive treatment from a team consisting of physicians, nurses, nurse assistants. Standard care may
include elements as MedRec, medication review and patient counselling performed by physicians
or nurses during the hospital stay. However, it is not standardised, structured or involving pharma-
cists.

Outcomes Primary outcome: the rate of "acute readmissions and ED visits" 12 months after discharge from
the index hospital stay in the intervention group compared with the control group

Secondary outcomes:

• Change in self-reported HRQoL from discharge to 1, 6 and 12 months after hospital discharge

• Length of index hospital stay

• Time to first acute readmission after discharge from the index hospital stay (up to 12 months fol-
low-up)

• The proportion of patients readmitted acutely within 30 days (a national quality indicator in Nor-
way)

• GP visit rate during 12 months follow-up

• The mortality rate during 12 months follow-up

• Change in the total score of the Medication Appropriateness Index (MAI) from admission to dis-
charge

• Change in potentially inappropriate medications prescribed identified by The Norwegian Gener-
al Practice-Nursing Home criteria (NORGEP-NH), Screening Tool of Older People's Prescriptions
(STOPP) V.2 and Screening Tool to Alert doctors to Right Treatment (START) V.2 from admission
to discharge

Johansen 2018  (Continued)
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• Change in potentially inappropriate medications prescribed using START V.2, STOPP V.2 and
NORGEPNH from discharge to 3 and 12 months

• Medication changes made during index hospital stay implemented by the GP at 3 and 12 months

• Medication-related first readmissions after the index hospital stay

• Hip fracture rate during 12 months follow-up

• Stroke rate during 12 months follow-up

Starting date 21 September 2016. Estimated study completion date: September 2021

Contact information Jeanette Schultz Johansen; email: jeajoh@uit.no

Notes Trial ID: NCT02816086

Johansen 2018  (Continued)

 
 

Study name Efficacy of medication optimization protocol for older inpatients: a randomized controlled trial

Methods Randomised controlled trial

Participants Inclusion criteria:

Patients aged 65 years and older

Exclusion criteria:

Patients whose attending physicians do not agree to participate in the study

Interventions Intervention group: a multidisciplinary team-based medication review and de-prescribing pro-
posal based on STOPP/START criteria and a medication optimisation protocol

Control group: usual care

Outcomes Primary outcomes: composite of death, unscheduled visits, and re-hospitalisation until 12
months after randomisation

Starting date March 2019

Contact information Scientific contact: Ie Kenya, Kawasaki city, Kanagawa, Japan. Email: iekenya0321@gmail.com

Notes Trial ID: UMIN000035265

JPRN-UMIN000035265 2018 

 
 

Study name Study protocol for a single-centre, prospective, non-blinded, randomised, 12-month, paral-
lel-group superiority study to compare the efficacy of pharmacist intervention versus usual care for
elderly patients hospitalised in orthopaedic wards

Methods A single-centre, prospective, non-blinded, randomised, 12-month, parallel-group, superiority study

Participants Inclusion criteria:

• Patients aged 70 years and older

• Polypharmacy (defined as 5 or more medications) or at least one potentially inappropriate med-
ication (defined by 2015 STOPP criteria) at admission

Kogamine 2018 
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Exclusion criteria:

• Elective admission

• Inability to contact patients within 72 hours after their admission

• Expected duration of hospital stay of < 1 week

Interventions Intervention group: pharmacist interventions include medication reconciliation, advice to pa-
tients' physicians in stopping unnecessary or inappropriate medications and starting necessary
medications, patient education, monitoring and providing written summary information about dis-
charge medications to patients, primary care physicians and community pharmacists from admis-
sion to discharge

Control group: usual care includes medication reconciliation, patient education, monitoring and
providing information about discharge medications

Outcomes Primary outcome: the readmission rate within 1 year after randomisation

Secondary outcomes: the proportion of patients who undergo Emergency Department (ED) visits,
all-cause death, a new fracture, acute myocardial infarction and ischaemic stroke

Other outcomes include the number of medications, potentially inappropriate medications and
potential prescribing omissions

Starting date November 2017

Contact information Kenichi Sugawara, National Hospital Organization Tochigi Medical Center, Department of Pharma-
cy, Nakatomatsuri, Utsunomiya, Tochigi, Japan. Email: ksuga1@tochigi-mc.jp

Notes Trial ID: UMIN000029404

Kogamine 2018  (Continued)

 
 

Study name Optimizing polypharmacy among elderly hospital patients with chronic diseases - study protocol of
the cluster randomized controlled POLITE-RCT trial

Methods Cluster-randomised controlled trial

Participants Clusters:

• Clusters are wards of both medical centres including medical personnel and participants cared
for during observational periods. A ward is defined as an entity with stable medical personnel. In
case of responsibility of senior physicians for ≥ 2 wards, these wards will be randomised together.

Inclusion criteria:

• All wards at participating centres where elderly patients with chronic diseases and multi-morbid-
ity are regularly treated will be included
◦ These include units of internal medicine, geriatrics, abdominal and vascular surgery, or-

thopaedic surgery and neurology

Exclusion criteria:

• Wards currently participating in other trials or projects aiming at optimising drug therapy

Participants

Inclusion criteria:

Lo>ler 2014 
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• Patients aged 65+ years who take ≥ 5 prescribed long-term drugs that are systemically acting (top-
ic administration excluded) and who are likely to spend ≥ 5 days in participating hospitals will be
recruited and included consecutively

Exclusion criteria:

• Patients who are not able to take their medication by themselves, patients who are not able to
give legal informed consent (e.g. due to dementia), patients with severe language difficulties and
those who suffer from deafness, as well as patients taking part in another clinical trial, will be
excluded

• Patients with the following diseases, which usually make poly-pharmacotherapy unavoidable, are
excluded: active melanoma, acquired immunodeficiencies (HIV) and haemodialysis. Also, post-
transplant patients and patients with a remaining life expectancy < 12 months will be excluded.

Interventions During inpatient treatment of participants affected by polypharmacy, a pharmacist specially
trained in communication skills performs a narrative-based medication review. Thus, 2 approaches
are combined here: the face-to-face clinical “brown bag” medication review, and the patient-cen-
tred approach of narrative medicine. Apart from detecting potentially inadequate medication, a
major aim is to identify patient preferences and to include them - when possible - into a hierarchi-
cally structured list of evidence-based medication recommendations. Thus, priorities for medica-
tion modification can be based on both 'objective' pharmaceutical considerations and 'subjective'
participant preferences.

Outcomes Primary outcomes: (1) health-related quality of life (EQ-5D), and (2) the difference in the number
of prescribed long-term pharmaceutical agents between intervention and control groups at T3

Secondary outcomes: the appropriateness of prescribed medication (PRISCUS list, Beers criteria,
MAI), patient satisfaction (TSQM), patient empowerment (PEF-FB-9), patient autonomy (IADL), falls
(frequency and severity), rehospitalisation and death. For all participants ensured with the largest
public German health insurance provider (AOK), cost-effectiveness will be analysed by the Scientif-
ic Institute of the AOK (WIdO).

Starting date November 2013

Contact information Principal Investigator: Christin Löffler, Institute of General Practice, Rostock University Medical
Center, Rostock, Germany

Notes www.controlled-trials.com (accessed May 2015)

Trial ID: ISRCTN42003273

Lo>ler 2014  (Continued)

 
 

Study name Comprehensive geriatric assessment for frail older people with chronic kidney disease to increase
attainment of patient-identified goals - a cluster randomised controlled trial - The GOAL Trial

Methods Cluster-randomised trial

Participants Setting: Australia

Inclusion criteria:

• Moderate to severe chronic kidney disease (CKD) as determined by the treating nephrologist:
◦ Stage 3 = eGFR 30 to 59 mL/min/1.73 m2

◦ Stage 4 = eGFR 15 to 29 mL/min/1.73 m2

◦ Stage 5/5D = eGFR below 15 mL/min/1.73 m2, including patients receiving dialysis

• Aged ≥ 65 years, or ≥ 55 years if Aboriginal or Torres Strait Islander

• Frailty Index > 0.25 (FI-CKD tool)

Logan 2020 
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Exclusion criteria:

• Estimated life expectancy of less than 12 months

• Unable to provide informed consent and/or participate in the Goal Attainment Scaling process

Interventions Sites will be randomly allocated to either provide a Comprehensive Geriatric Assessment to par-
ticipants or usual care. A skilled multi-disciplinary team will provide specialist co-ordinated care
(known as comprehensive geriatric assessment) and will address medical, social, mental health
and physical needs. The control sites will receive usual care.

Outcomes Primary outcome: Goal Attainment Scaling at 3 months

Secondary outcomes:

• Goal Attainment Scaling at 6 and 12 months

• Quality of life using EQ-5D-5L (time frame: 3, 6 and 12 months)

• Frailty status (time frame: 3, 6 and 12 months). Frailty will be assessed using the Frailty Index CKD

• Mortality during the 12 months follow-up

• Duration of hospital admissions during the 12 months follow-up

• Number of hospital admissions during the 12 months follow-up

• Number of residential aged care facility admissions at 12 months follow-up

• Cost-effectiveness (time frame: 12 months)

Other outcome measures:

Process evaluation (time frame: 12 months)

Qualitative analysis of structured interviews

Starting date 15 March 2021

Contact information Laura Robison +61427911414. Email: goal@uq.edu.au

Notes Trial ID: NCT04538157

Logan 2020  (Continued)

 
 

Study name Improving drug safety in emergency patients - a randomized controlled trial (EPIMERR)

Methods Randomised controlled trial

Participants Setting: emergency department, Diakonhjemmet Hospital

Inclusion criteria:

• Patients ≥ 18 years admitted to the emergency department

• Able and willing to provide written consent

Exclusion criteria:

• Patients previously included

• Terminal ill patients with short life expectancy

• Control group patients where physician at the emergency department request an assessment
from a clinical pharmacist

• Control group patients where the project pharmacist reveal drug-related problems of major clin-
ical relevance and has to intervene

NCT03123640 2018 
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Interventions Intervention group: the pharmacist conducts medication reconciliation and medication review
while the patient is admitted to the emergency department. The pharmacist presents results from
medication reconciliation to physicians at the emergency department before the medical history is
obtained. Further, the pharmacist will discuss drug-related problems obtained during the medica-
tion review with the physicians to customise and optimise the medication treatment for each pa-
tient.

Control group: standard treatment without pharmacist intervention in the emergency department

Outcomes Primary outcome: proportion of patients readmitted (time frame: 12 months from inclusion)

Secondary outcomes:

• The proportion of patients readmitted (time frame: 6 months from inclusion)

• The average number of admissions (time frame: 12 months from inclusion)

• Time to next contact with a hospital (time frame: time to next readmission, maximum 12 months
from inclusion)

• The proportion of patients not hospitalised following admission to the emergency department
(patients whose condition is resolved in the emergency department)

• Length of stay at the emergency department

• The overall length of hospital stay

• Investigate the efficiency of the new working model (for conducting medication reconciliation and
medication review by use of a semi-structural questionnaire) (time frame: during the inclusion
period)

• Identify risk factors correlated to medication-related admissions and drug-related problems (time
frame: retrospective, 18 months after inclusion start)

• High-risk patients. Compare high-risk patients for medication-related admissions and drug-relat-
ed problems to high-risk patients for clinical relevant medication discrepancies (time frame: ret-
rospective, 18 months after inclusion start)

• Drug-related admission (time frame: retrospective, 18 months after inclusion start)

• Patients' point of view. 10% of the included patients will retrospectively be invited to participate
in the group interview and 25% of the included patients will retrospectively be invited to fill out
a survey (time frame: 2 years after inclusion start)

• Retrospectively testing the 2 prioritising models (time frame: retrospective, 2 years after inclusion
start)

Starting date 24 April 2017

Actual primary completion date: 16 May 2018

Estimated study completion date: December 2021

Contact information Lisbeth Damlien Nymoen, Ph.D. candidate and project pharmacist, Diakonhjemmet Hospital

Notes www.clinicaltrials.gov (accessed April 2020)

Trial ID: NCT03123640

NCT03123640 2018  (Continued)

 
 

Study name Impact of clinical pharmacist on adverse drug events in older adults

Methods Randomised controlled trial

Participants Setting: The Clinical Hospital of the University of Chile

NCT03156348 2017 
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Inclusion criteria:

• Patients attended by the staG of internists of the internal medicine service of the Clinical Hospital
of the University of Chile for acute condition or decompensation of chronic pathology

• Patients 60 years and older

• Patients with an estimated survival of more than 6 months

• Patients who are on pharmacological therapy

• Patients who have a contact person or responsible caregiver, willing to comply with the scheduled
care plan

• Patients who have a contact telephone number

Exclusion criteria:

• Patients without cognitive autonomy in which it is not possible to establish contact with the care-
giver

• Any other condition that in the judgement of the research team affects the quality of the collection
of the information

Interventions The intervention group, in addition to the usual care, will receive the Clinical Pharmacist Care dur-
ing hospitalisation, 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 hospitalisation 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 telephone, to reinforce the recommenda-
tions.

Outcomes Primary outcome: incidence of adverse drug events at 90 days post-discharge (time frame: 90 days
post-discharge)

Secondary outcomes:

• Adherence measured with Morisky & Green Scale (time frame: 90 days post-discharge)

• Incidence of potentially inappropriate medication according to the Beers criteria and STOPP &
START criteria (time frame: 90 days post-discharge)

• Incidence of adverse drug reactions (time frame: 90 days post-discharge)

• Incidence of non-programmed/programmed consultations or hospitalisations after discharge
from the hospital (time frame: 90 days post-discharge)

• Prevalence of polypharmacy (5 or more drugs) (time frame: 90 days post-discharge)

• Prevalence of self-medication in each group (time frame: 90 days post-discharge)

• Presence of clinically relevant drug interactions (time frame: 90 days post-discharge)

• Characterisation of the interventions made by the clinical pharmacist to the health team (time
frame: 90 days post-discharge)

Starting date May 2015

Contact information Principal Investigator: Marcela Jirón, PhD University of Chile

Notes Trial ID: NCT03156348

NCT03156348 2017  (Continued)
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Study name Impact of the systematic use of the criteria STOPP/START in short stay geriatric (REVOR)

Methods Randomised controlled trial

Participants Inclusion criteria:

• Patients more than 75 years old

• Hospitalised in geriatrics short-stay

• Patients with a written informed consent

• Patients with a social security scheme

Exclusion criteria:

• Severe dementia

• Not able to respond to SF-12

• Disease at the final stage

• Patient under legal protection (maintenance of justice, tutelage, legal guardianship)

Interventions Intervention: use of STOPP/START criteria during medication reconciliation

Control: medication reconciliation done as usual, without the consideration of the STOPP/START
criteria

Outcomes Primary outcome: SF-12 quality of life scale at inclusion and at 2 months

Secondary outcomes:

• Number of falls (time frame: at 2 months)

• The proportion of patients re-hospitalised (time frame: at 2 months)

• Mortality (time frame: at 2 months)

Starting date January 2018

Contact information Anne Frey Geoffret. Email: ageoffret@hospitalporteverte.com

Notes www.clinicaltrials.gov (accessed February 2020)

Trial ID: NCT03393299

NCT03393299 2018 

 
 

Study name Comprehensive management of drug prescriptions throughout the elderly person's hospital care
(OPTISORT)

Methods Randomised controlled trial

Participants Inclusion criteria: patients hospitalised in the department of short geriatric stay

Exclusion criteria: patients already included in the study and readmitted in the same service

Interventions Intervention group: received a medication reconciliation at hospital admission and discharge,
a medication review during hospitalisation, and transmission of therapeutic modifications to the
general practitioner and community pharmacist at discharge

Control group: received the geriatric unit’s usual management

Outcomes Primary outcome:

NCT03666793 2018 
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Rate of readmission at 30 days (only direct re-admissions to emergency and geriatric short-stay ser-
vices in participating centres will be counted)

Secondary outcomes:

• The time between discharge and first readmission (time frame: 30 days)

• Rate of changes in the prescription after hospital discharge by the general practitioner (time
frame: 30 days)

• Identification of Seniors at Risk (ISAR) score (time frame: 30 days)

Starting date September 2018

Contact information Principal Investigator: Fabien Visade, MD

Notes Trial ID: NCT03666793

NCT03666793 2018  (Continued)

 
 

Study name Impact of multidisciplinary medication assessment review in surgery departments (CHIROPMEV)

Methods Randomised controlled trial

Participants Setting: surgery departments

Inclusion criteria:

• The patient (or their representative) has given his consent and signed the consent form

• The patient is affiliated to a health insurance programme

• The patient is at least 65 years old (≥) treated by at least (≥) 5 medications for at least (≥) 6 months

• The patient is available for a follow-up of 3 months

• The patient is hospitalised in the surgery department

• Patient with a Trivalle score greater than or equal to 2 (≥)

• Patient living in a nursing home or going back home after hospitalisation

Exclusion criteria:

• The patient is participating in another category I interventional study

• The patient is in an exclusion period determined by another study

• The patient is under safeguard of justice

• It is not possible to give the patient (or his/her trusted-person) informed information

• Palliative care

Interventions There are 3 study arms: intervention 1 (multidisciplinary medication review), intervention 2 (multi-
disciplinary medication review with community pharmacist follow-up) and control

The multidisciplinary medication review entails medication reconciliation and pharmaceutical
analysis by a clinical pharmacist, and a physician performs a clinical examination and analysis of
the medical record. Both participate in a collaborative interview. The hospital physician calls the
community pharmacist to discuss proposed changes on the order and to establish a new prescrip-
tion. At the end of the stay, the clinical pharmacist will conduct an exit interview with the patient.
For participants in intervention group 2, a summary of the follow-up report stating the therapeutic
modifications will be sent to the community pharmacist and physician.

Outcomes Primary outcome:

• Change in iatrogenic drug risk in intervention groups versus control group (time frame: 3 months
after hospitalisation)

NCT03827031 
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Secondary outcomes:

• Proportion of proposed medication modifications made by the clinical pharmacist accepted by
the clinical doctor during the multidisciplinary medication review in the experimental groups
(time frame: hospital discharge (maximum 30 days))

• Number of potentially inappropriate medications per patient in each group (time frame: hospital
discharge (maximum 30 days))

• Proportion of proposed medication modifications made by the collaborative team accepted and/
or made permanent (time frame: 3 months after hospital discharge)

• Number of potentially inappropriate medications per patient in each group (time frame: 3 months
after hospital discharge)

• Time required for multidisciplinary medication review in the interventional groups (B1 and B2)
(time frame: hospital discharge (maximum 30 days))

• Time required for transmitting multidisciplinary correspondence documents in B2 group (time
frame: hospital discharge (maximum 30 days))

• Number of multidisciplinary correspondence documents sent to the community actors in B2
group (time frame: hospital discharge (maximum 30 days))

• Description of mode of diffusion of multidisciplinary correspondence documents in the B2 group
(time frame: hospital discharge (maximum 30 days))

• Description of reason for non-transmission of multidisciplinary correspondence documents in the
B2 group (time frame: hospital discharge (maximum 30 days))

• Rate of patients for whom a follow-up review of proposed medication changes has been per-
formed by the pharmacist in the B2 group (time frame: 2 months post-discharge)

• Number of multidisciplinary correspondence documents transmitted by community pharmacist
in group B2 (time frame: 2 months post hospital discharge)

• Rate of patients with at least one rehospitalisation in each group (time frame: 3 months after hos-
pital discharge)

• Mortality rate in each group (time frame: 3 months after hospital discharge)

• Healthcare team satisfaction in interventional groups (B1, B2) (time frame: 3 months after hospital
discharge)

Starting date Estimated study start date: June 2022

Contact information Jean-Marie Kinowski. Email: jean.marie.kinowski@chu-nimes.fr

Notes Trial ID: NCT03827031

NCT03827031  (Continued)

 
 

Study name Tool for Inappropriate Prescription Evaluation: The TaIPE Study (TaIPE)

Methods Randomised controlled trial

Participants Setting: Centre Hospitalier Universitaire Vaudois

Inclusion criteria: all patients meeting the admission criteria of the acute care for elders (ACE) unit
will be eligible

Exclusion criteria: none

Interventions Intervention group: PIM-Check

In the PIM-Check group, a medication review will be conducted using PIM-Check within 72 hours of
the patient's admittance to the unit. The physician will decide whether to accept these recommen-
dations or not and implement prescribing changes if agreed.

NCT04028583 2019 
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Active comparator group: STOPP/START group

In the STOPP/START group, medication lists will be analysed within 72 hours of patient's admit-
tance and optimised 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 potentially inappropriate prescriptions (PIPs) reduction in the PIM-Check group compared
to STOPP/START (time frame: 18 months)

Secondary outcomes:

• Number and type of PIPs detected by each tool (time frame: 18 months)

• Rate of acceptability (time frame: 18 months)

• Number of treatment (mean and median) modifications by clinicians (time frame: 18 months)

• Number of drugs at discharge (time frame: 18 months)

• The incidence rate of falls (time frame: 18 months)

• Activities of daily living (ADL) score (time frame: 18 months)

• Confusion Assessment Method (CAM) (time frame: 18 months)

• Length of stay (time frame: 18 months)

• Number of unplanned readmissions (time frame: Up to 3 months after discharge)

• Association between the number and type of PIPs at discharge with the rate of re-admission (time
frame: Up to 3 months after discharge)

Starting date February 2018

Contact information Akram Farhat, PharmD, MPH, PhD, akram.farhat@hotmail.com

Chantal Csajka, PharmD, PhD +41 21 314 42 63 chantal.csajka@chuv.ch

Notes Trial ID: NCT04028583

NCT04028583 2019  (Continued)

 
 

Study name Effect of a trAnSitional Pharmacist Intervention in geRiatric Inpatients on Hospitals Visits After dis-
chargE (ASPIRE)

Methods Randomised controlled trial

Participants Inclusion criteria:

• Patients admitted to one of the study wards under supervision of a geriatrician

• A written informed consent by the patient or his/her representative

• Discharged from the hospital

Exclusion criteria:

• Admitted for a maximum of one day

• Unable to understand Dutch

• Being in a palliative stage as stated in their medical record with active withdrawal of drug therapy

• Patients being discharged to another ward within the same hospital or to another hospital

Interventions The interventional group receives a multifaceted clinical pharmacy intervention: (1) assessing pa-
tient and caregiver preferences, (2) medication reconciliation on admission, (3) comprehensive
medication review before discharge, (4a) compiling a patient friendly medication list, (4b) optimis-

NCT04617340 
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ing communication with healthcare providers in primary care, (4c) providing a copy of the medica-
tion list for the community pharmacist, (4d) contacting the general practitioner by phone, (4e) con-
tacting, if applicable the home care nurse or the nurse from the nursing home by phone, (5) moti-
vation interview before discharge with patients and caregivers, (6) post-discharge follow-up

Outcomes Primary outcome: time to all-cause unplanned hospital visit after discharge (time frame: up to 6
months after discharge)

Secondary outcomes:

• General practitioners contacts (time frame: up to 6 months after discharge)

• Mortality (time frame: up to 6 months after discharge)

• Number of planned hospital admissions, number of emergency department visits, number of un-
planned hospital admissions (time frame: up to 6 months after discharge)

• Drug-related readmissions (time frame: up to 6 months after discharge)

• Fall incidents (time frame: up to 1 month after discharge)

• Patient reported drug-related problems (time frame: up to 1 month after discharge)

• Change in quality of life (EQ-5D-5L) (time frame: on admission, 1 month after discharge and 6
months after discharge)

• Differences in pain (NRS score) (time frame: up to 1 month after discharge)

• Number of medications (time frame: on admission, at discharge and 1 month after discharge)

• Medication adherence (time frame: on admission and 1 month after discharge)

• Potentially inappropriate medications (time frame: on admission, at discharge and 1 month after
discharge)

• Cost-effectiveness (time frame: up to 6 months after discharge)

Starting date February 2021

Contact information Julie Hias +3216343080. Email: julie.1.hias@uzleuven.be

Notes Trial ID: NCT04617340

NCT04617340  (Continued)

 
 

Study name The Pharmacist Discharge Care (PHARM-DC) study: a multicentre RCT of pharmacist-directed tran-
sitional care to reduce post-hospitalisation utilisation

Methods Randomised controlled trial

Participants Setting: an academic medical centre (Brigham and Women’s Hospital in Boston, Massachusetts)
and a university-affiliated hospital (Cedars-Sinai Medical Center in Los Angeles, California)

Inclusion criteria:

• Admitted to a medical ward AND

• ≥ 55 years old AND

• ≥ 10 chronic prescription medications OR

• ≥ 3 high-risk medications (anticoagulants, antiplatelets, insulin and oral hypoglycaemics) at ad-
mission

Exclusion criteria:

• Expected discharge to another state, acute care facility, psychiatric facility or locked facility (in-
cluding locked skilled nursing facility (SNF), jail or prison) OR

• Expected leaving hospital against medical advice (AMA) or actual AMA OR

• Homeless OR

Pevnick 2021 
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• In hospice OR

• Already enrolled into study during prior discharge in previous year OR

• Expected to receive pharmacist-led post-discharge medication management regardless of the tri-
al OR

• Patients admitted by Primary Medical Doctors who have a specialty that is not Internal Medicine
or Family Medicine OR

• Expected post-discharge setting not conducive to the studied medication management interven-
tion (e.g. SNF, acute rehabilitation facility).

Interventions The PHARMacist Discharge Care intervention includes medication reconciliation at admission and
discharge, medication review, increased communication with caregivers, providers and retail phar-
macies, and patient education and counselling during and after discharge

Control patients will receive usual care, which may at times include pharmacist consultation and/
or post-discharge phone call(s) if deemed clinically necessary and requested or performed by
physicians, nurses or pharmacists in the course of usual clinical care

Outcomes Primary outcome: 30-day post-discharge utilisation (readmissions, observation stays or emer-
gency department visits)

Secondary outcomes: the rates of 30-day post-discharge utilisation stratified by: (1) receipt of dif-
ferent intervention components, (2) diagnosis of congestive heart failure at admission, (3) having
3 or more high-risk medications prior to admission, (4) having 10 or more medications prior to ad-
mission, (5) study site, (6) patient medication adherence and literacy, (7) quintiles of patient so-
cioeconomic status, (8) discharge on weekends (compared to weekdays)

Starting date December 2019

Contact information Joshua M Pevnick, Division of General Internal Medicine, Department of Medicine, Cedars-Sinai
Medical Center, Los Angeles, CA, United States of America. Email: joshua.pevnick@cshs.org.

Notes Funding: The National Institute on Aging of the National Institutes of Health, United States under
award R01AG058911 and NIH National Center for Advancing Translational Science (NCATS) UCLA
CTSI Grant Number UL1TR001881

Trial ID: NCT04071951

Pevnick 2021  (Continued)

 
 

Study name Impact of a pharmacist-led medication review on hospital readmission in a pediatric and elderly
population: study protocol for a randomized open-label controlled trial

Methods Randomised controlled trial

Participants Setting: recruitment will be performed in a paediatric department and a geriatric and internal
medicine department

Inclusion criteria:

• Patient aged under 18 or over 65 years

• Patient hospitalised in the multidisciplinary paediatric care unit or internal medicine, therapeu-
tics, post-emergency care unit, regardless of the reason for admission

• Patient with or without any comorbidity

• Living in France

• With national public-funded health insurance

Exclusion criteria:

Ranaudin 2017 
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• Patients whose care requires regular/programmed re-hospitalisation less than 30 days after dis-
charge from initial hospitalisation

• Vulnerable persons according to French law (pregnant women, adults under guardianship, per-
sons deprived of liberty)

Interventions A total of 1400 hospitalised patients will be randomised into 2 groups: (1) the experimental group
(group receiving a pharmacist-led medication review) and (2) the control group (group receiving
usual care). Participants in the intervention group receive a pharmacist-led medication review in-
cluding the following: (1) a medical and pharmaceutical admission medication reconciliation and
treatment review, (2) a medical and pharmaceutical medication reconciliation at discharge and
treatment review and (3) medication liaison service.

Outcomes Primary outcome:

The rate of all-cause hospital readmission and/or all-cause death and/or emergency department
visits occurring within 30 days after the patient discharge from initial hospitalisation

Secondary outcomes:

• The rate of all-cause hospital readmission, as defined in the primary endpoint, within 30 days after
the patient discharge from the initial hospitalisation

• The rate of all-cause emergency department visits occurring within 30 days after the patient dis-
charge from the initial hospitalisation. This is the proportion of emergency department visits.

• The rate of all-cause mortality occurring within 30 days after the patient discharge from the initial
hospitalisation. This is the proportion of deaths.

• The number of consultations scheduled or not within 30 days post-hospitalisation will be studied.

• Patient satisfaction with regards to its drug treatment will be measured using the standardised
questionnaire “Satisfaction with Medicines Questionnaire (SatMed-Q®)”. The evaluation will be
conducted 30 days post hospitalisation during the telephone follow-up.

Starting date May 2016

Contact information Correspondence: renaudin.pierre@ap-hm.fr

Notes Trial ID: NCT02734017

Ranaudin 2017  (Continued)

 
 

Study name Medical record model oriented to problems with the use of medications in patients with heart fail-
ure admitted to the intensive care unit

Methods Randomised controlled trial

Participants Setting: Brazil

Inclusion criteria:

• Over 18 years old

• Who have not been transferred from the ICU to other hospitals

• With an APACHE II score 20

• With no current cancer diagnosis

• Absence of surgery in the last 6 months

• Who presented at least one PRM identified by the research pharmacists through the DAM medical
record

Exclusion criteria:

RBR-42nd7q 
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• Patients with data collection beginning after the first 48 hours of hospitalisation

• Patients with hospital stay less than 72 hours

• Patients who are admitted for palliative care

• Higher probability of early death (defined as death occurring between the 48th and 72nd hours
of ICU admission)

• Patients diagnosed with suspected or confirmed brain death

• Patients aware that they refuse to participate in either group after randomisation

• Patients who refuse to participate in the study after recovering an adequate state of conscious-
ness for decision-making, when their entry is made by the authorisation of family members and/
or guardian

Interventions Intervention group: the Drug Therapy Intervention Group will receive care in which the problems
related to medications will be diagnosed through the application of the diagnostics chart: a) ad-
verse clinical findings and medications (DAM), followed by the establishment of conducts to solve
drug-related problems; (b) adjustment of drug treatment according to the previous step, which
will be carried out by prescribers and nurses; (c) monitoring drug treatment on the evolution of
drug-related problems, achieving therapeutic goals and evaluating new drug-related problems. A
pharmaceutical conduct and therapeutic goals (care plan) will be recorded in the patient's medical
record according to Classification for Drug related problems PCNE, V.8.01.

Control group: the control group will receive the identification of drug-related problems, howev-
er, instead of the subsequent intervention, the patients in this group will be subjected to the usual
health care at the study sites. Care consists of evaluation of prescriptions by pharmacists, bedside
visits and medication reconciliation.

Outcomes Primary outcome: length of stay in the ICU (in days)

Secondary outcomes: the Sequential Organ Failure Assessment (SOFA) and death scores

Starting date Date first enrollment: 16 March 2018

Contact information Tâmara Natasha Gonzaga de Andrade Santos Andrade Santos

Phone: + 55-79 99905-1756, email: tamara_farmacia@hotmail.com

Notes Trial ID: RBR-42nd7q

RBR-42nd7q  (Continued)

 
 

Study name A randomised control trial to evaluate the impact of a clinical pharmacist on optimizing the quali-
ty use of medicines according to the Acute Coronary Syndrome (ACS) secondary prevention guide-
lines and medication adherence following discharge in patients with ACS

Methods Randomised controlled trial

Participants Setting: the medical wards of a teaching hospital, Peradeniya

Inclusion criteria: male and female patients above 18 years of age who are diagnosed and man-
aged as ACS by the medical team

Exclusion criteria:

• Patients who refuse to participate

• Patients who are diagnosed with psychological disorders

• Patients who are younger than 18 years

• Patients who are pregnant

SLCTR/2019/039 
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Interventions The intervention will be delivered by the principal investigator, and a qualified pharmacist will as-
sist the process. Interventions planned: medication history will be recorded by the clinical phar-
macist at the time of recruitment and it will be reconciled against the inward medication plan; pa-
tient's medication adherence will be assessed at the time of recruitment by using a validated ad-
herence assessment tool (Brief Medication Questionnaire); continuous medication review by the
clinical pharmacist daily during the patient's stay at the ward and discharge medication review at
the time of discharge(BNF, AMH and ACS therapeutic guidelines will be used for the review); iden-
tification and resolution of medication-related problems (wrong drug choice, wrong dose, drug in-
teractions etc.); discharge medication counselling with written information and labelled medicine
by the clinical pharmacist; follow-up after discharge at 1-month, 3-month and 6-month intervals
by the clinical pharmacist at the medical clinic; hospital readmissions, changes to medications, ad-
verse drug reactions will be checked during the respective period at each follow-up and medica-
tion-related issues will be resolved at the follow-ups; at the end of the study period (6 months after
follow-up) patient's medication adherence will be reassessed using the same tool to check the im-
provement

Outcomes Primary outcome:

• Number of hospital readmissions due to acute coronary syndrome-related issues during the study
period

• Changes in medication adherence (compared between the time of recruitment and 6 months after
discharge)

Secondary outcomes:

• Number of drug-related problems

• Number of adverse drug reactions during the study period

• Cost-effectiveness of clinical pharmacist intervention

Starting date Date of first enrollment 15 November 2019

Contact information Dr ACM Fahim, Department of Pharmacy, Faculty of Allied Health Sciences, University of Per-
adeniya, Peradeniya.Email: fahim.cader@gmail.com

Notes Trial ID: SLCTR/2019/039

SLCTR/2019/039  (Continued)

 
 

Study name A patient-centered deprescribing intervention for hospitalized older patients with polypharmacy:
rationale and design of the Shed-MEDS randomized controlled trial

Methods Randomised controlled trial

Participants Inclusion criteria:

• Adults, aged 50 and older

• Hospitalised at Vanderbilt University Medical Center (VUMC) and referred to post-acute care (PAC)
at one of 20 skilled nursing facilities (SNFs) or 2 inpatient rehabilitation facilities (IPRs) in the Mid-
dle Tennessee area

• The patient has 5 or more medications on their pre-hospital admission medication list (to include
all prescription and over-the-counter medications, both scheduled and as needed)

• A home residence in one of 9 surrounding counties of VUMC to facilitate a home visit during the
study follow-up phase 90 days after PAC discharge

Exclusion criteria:

• Homeless or incarcerated

Vasilevskis 2019 
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• Do not have a working telephone

• Resides in long-term care prior to hospitalisation

• Has a limited (< 6 months) life expectancy per medical record documentation (e.g. stage 4
metastatic cancer diagnosis, hospice referral)

• Currently enrolled in a drug trial

• Expected to discharge from the hospital in less than 48 hours

• Patients must be able to speak English and have the capacity to provide self-consent or have a
surrogate (i.e. family member or friend) willing to consent on their behalf

Interventions Intervention group: Shed-Meds: a patient-centred de-prescribing intervention. Participants as-
signed to the intervention group will receive a clinical review of their prescribed medications by a
research clinician (pharmacist, physician and/or nurse practitioner) followed by a patient interview
to assess their willingness to discontinue or reduce some of their medicines based on the clinical
recommendations of the team. Hospital and outpatient providers also will be part of the de-pre-
scribing decision process. De-prescribing actions will be initiated in the hospital prior to discharge
and continue through the skilled nursing facility stay.

Control group: participants assigned to the control group will receive usual care as it is normally
provided by the hospital and skilled nursing facility treatment teams. Research staG will monitor
their prescribed medications in both care settings but not make any recommendations or changes
unless a safety issue is identified.

Outcomes Primary outcome:

• Change in total number of medications (time frame: 7, 60 and 90 days after discharge from the
skilled nursing facility)

Secondary outcomes:

• Change in functional health status (time frame: 7 and 90 days after discharge from the skilled
nursing facility) assessed by the Vulnerable Elders Survey (VES-13)

• Change in Drug Burden Index: anticholinergic and sedative drug burden of prescribed medica-
tions (time frame: 90 days after discharge from the skilled nursing facility)

• Change in medication adherence (time frame: 60 and 90 days after discharge from the skilled nurs-
ing facility) by use of the Adherence to Refills and Medication Scale (ARMS)

Starting date Patient enrollment for the Shed-MEDS trial began March 2017 and is scheduled to end October
2020

Contact information Principal Investigator: Sandra F Simmons, PhD Vanderbilt University Medical Center

Notes —

Vasilevskis 2019  (Continued)

Abbreviations:
ACS: acute coronary syndrome
ADL: activities of daily living
ALT: alanine transaminase
CRP: C-reactive protein
ED: emergency department
EQ-5D: standardised instrument of the EuroQol Group used to measure health outcomes
GFR/eGFR: glomerular filtration rate/estimated glomerular filtration rate
GP: general practitioner
HDU: high-dependency unit
HRQoL: health-related quality of life
IADL: instrumental activities of daily living
ICU: intensive care unit
IMM: integrated medicine management
INR: international normalised ratio
MAI: Medication Appropriateness Index
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MCH: mean corpuscular haemoglobin
MCV: mean corpuscular volume
NGAL: neutrophil gelatinase-associated lipocalin
PEF-FB-9: "Fragebogen zur Partizipativen Ent-scheidungsfindung (revidierte 9-Item-Fassung)" - tool used to measure patient
empowerment
PIM: potentially inappropriate medication
RCT: randomised controlled trial
TSQM: Treatment Satisfaction Questionnaire for Medication
 

 

D A T A   A N D   A N A L Y S E S

 

Comparison 1.   Primary outcome - Trials comparing medication reviews with standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

1.1 Mortality (all-cause) 18   Risk Ratio (IV, Random, 95% CI) 0.96 [0.87, 1.05]
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Analysis 1.1.   Comparison 1: Primary outcome - Trials comparing
medication reviews with standard care, Outcome 1: Mortality (all-cause)

Study or Subgroup

Bladh 2011
Blum 2021
Bonetti 2018
Bonnerup 2014
Curtin 2020
Dalleur 2014
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 16.59, df = 17 (P = 0.48); I² = 0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Not applicable

log[RR]

0.4722
-0.0834
-0.3697
0.1586

-0.4055
-0.0606
0.2172

-0.1166
-0.0437
-0.2877
0.2726

-0.3586
0.4498
0.037

0.0509
0.0391

-0.0133
-0.0889

SE

0.2687
0.1083
0.6172
0.3431
0.3288
0.4351
0.4436
0.2912
0.1323
0.3109
0.1694
0.1402
0.5335
0.7935
0.2166
0.188

0.1655
0.1509

Weight

3.2%
19.8%
0.6%
2.0%
2.2%
1.2%
1.2%
2.7%

13.3%
2.4%
8.1%

11.8%
0.8%
0.4%
5.0%
6.6%
8.5%

10.2%

100.0%

Risk Ratio
IV, Random, 95% CI

1.60 [0.95 , 2.72]
0.92 [0.74 , 1.14]
0.69 [0.21 , 2.32]
1.17 [0.60 , 2.30]
0.67 [0.35 , 1.27]
0.94 [0.40 , 2.21]
1.24 [0.52 , 2.96]
0.89 [0.50 , 1.57]
0.96 [0.74 , 1.24]
0.75 [0.41 , 1.38]
1.31 [0.94 , 1.83]
0.70 [0.53 , 0.92]
1.57 [0.55 , 4.46]
1.04 [0.22 , 4.91]
1.05 [0.69 , 1.61]
1.04 [0.72 , 1.50]
0.99 [0.71 , 1.36]
0.91 [0.68 , 1.23]

0.96 [0.87 , 1.05]

Risk Ratio
IV, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Comparison 2.   Secondary outcomes - Trials comparing medication reviews with standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.1 Hospital readmissions (all-cause) 17   Risk Ratio (IV, Random, 95%
CI)

0.93 [0.89, 0.98]

2.2 Hospital readmissions (all-cause) - 3
months

4 448 Mean Difference (IV, Ran-
dom, 95% CI)

0.01 [-0.14, 0.17]

2.3 Hospital readmissions (all-cause) -
12 months

3 1449 Mean Difference (IV, Ran-
dom, 95% CI)

-0.13 [-0.28, 0.03]

2.4 Hospital readmissions (due to drug-
related adverse events)

6   Risk Ratio (IV, Random, 95%
CI)

0.75 [0.58, 0.98]

2.5 Hospital readmissions (due to drug-
related adverse events) - 12 months

2 428 Mean Difference (IV, Ran-
dom, 95% CI)

-0.18 [-0.26,
-0.10]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

2.6 Hospital emergency department
contacts (all-cause)

8 3527 Risk Ratio (M-H, Random,
95% CI)

0.84 [0.68, 1.03]

2.7 Hospital emergency department
contacts (all-cause) - 3 months

4 448 Mean Difference (IV, Ran-
dom, 95% CI)

-0.05 [-0.14, 0.04]

2.8 Health-related quality of life 4 392 Std. Mean Difference (IV,
Random, 95% CI)

0.10 [-0.10, 0.30]

 
 

Analysis 2.1.   Comparison 2: Secondary outcomes - Trials comparing medication
reviews with standard care, Outcome 1: Hospital readmissions (all-cause)

Study or Subgroup

Bladh 2011
Blum 2021
Bonetti 2018
Curtin 2020
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020 (1)
Lenssen 2018
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.84, df = 16 (P = 0.76); I² = 0%
Test for overall effect: Z = 2.91 (P = 0.004)
Test for subgroup differences: Not applicable

log[RR]

0.0167
-0.0698
-0.5211
0.5878
0.0808
0.0346

-0.0333
-0.2338
-0.0642
-0.1149
-0.1312
-0.0202
0.2418

-0.0602
0.0356
-0.111

-0.1901

SE

0.1087
0.05

0.5953
0.5265
0.1617
0.1392
0.0866
0.1299
0.1198
0.078

0.2499
0.2659
0.3356
0.0927
0.0738
0.0581
0.0846

Weight

4.7%
22.4%
0.2%
0.2%
2.1%
2.9%
7.5%
3.3%
3.9%
9.2%
0.9%
0.8%
0.5%
6.5%

10.3%
16.6%
7.8%

100.0%

Risk Ratio
IV, Random, 95% CI

1.02 [0.82 , 1.26]
0.93 [0.85 , 1.03]
0.59 [0.18 , 1.91]
1.80 [0.64 , 5.05]
1.08 [0.79 , 1.49]
1.04 [0.79 , 1.36]
0.97 [0.82 , 1.15]
0.79 [0.61 , 1.02]
0.94 [0.74 , 1.19]
0.89 [0.77 , 1.04]
0.88 [0.54 , 1.43]
0.98 [0.58 , 1.65]
1.27 [0.66 , 2.46]
0.94 [0.79 , 1.13]
1.04 [0.90 , 1.20]
0.89 [0.80 , 1.00]
0.83 [0.70 , 0.98]

0.93 [0.89 , 0.98]

Risk Ratio
IV, Random, 95% CI
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Footnotes
(1) Analyses are based on raw data from the following trials: Blume 2021, Lenssen 2018, Lisby 2010, Lisby 2015, O´Mahony 2020 and Ravn-Nielsen 2018

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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 2.2.   Comparison 2: Secondary outcomes - Trials comparing medication
reviews with standard care, Outcome 2: Hospital readmissions (all-cause) - 3 months

Study or Subgroup

Bonnerup 2014
Curtin 2020
Lisby 2010
Lisby 2015

Total (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 4.08, df = 3 (P = 0.25); I² = 26%
Test for overall effect: Z = 0.15 (P = 0.88)
Test for subgroup differences: Not applicable

Medication review
Mean

0.73
0.17

0.4
0.5

SD

1.44
0.42
0.61
1.16

Total

64
59
50
53

226

Control
Mean

1.07
0.1
0.5
0.3

SD

1.55
0.35
0.65
0.73

Total

60
59
49
54

222

Weight

7.7%
51.2%
26.6%
14.5%

100.0%

Mean Difference
IV, Random, 95% CI

-0.34 [-0.87 , 0.19]
0.07 [-0.07 , 0.21]

-0.10 [-0.35 , 0.15]
0.20 [-0.17 , 0.57]

0.01 [-0.14 , 0.17]

Mean Difference
IV, Random, 95% CI
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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): Hospital readmissions (all-cause)
(E) Selective reporting (reporting bias)
(F) Contamination bias
(G) Other bias

 
 

Analysis 2.3.   Comparison 2: Secondary outcomes - Trials comparing medication
reviews with standard care, Outcome 3: Hospital readmissions (all-cause) - 12 months

Study or Subgroup

Gillespie 2009 (1)
Lea 2020
Scullin 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.02, df = 2 (P = 0.60); I² = 0%
Test for overall effect: Z = 1.58 (P = 0.11)
Test for subgroup differences: Not applicable

Medication review
Mean

1.2
1.55
0.82

SD

1.38
2.06
1.39

Total

182
193
346

721

Control
Mean

1.21
1.7

1.01

SD

1.35
1.98
1.51

Total

186
193
349

728

Weight

31.7%
15.2%
53.1%

100.0%

Mean Difference
IV, Random, 95% CI

-0.01 [-0.29 , 0.27]
-0.15 [-0.55 , 0.25]
-0.19 [-0.41 , 0.03]

-0.13 [-0.28 , 0.03]

Mean Difference
IV, Random, 95% CI
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Footnotes
(1) Analyses are based on raw data from the following trials: Gillespie 2009 and Lea 2020

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): Hospital readmissions (all-cause)
(E) Selective reporting (reporting bias)
(F) Contamination bias
(G) Other bias
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Analysis 2.4.   Comparison 2: Secondary outcomes - Trials comparing medication reviews
with standard care, Outcome 4: Hospital readmissions (due to drug-related adverse events)

Study or Subgroup

Blum 2021
Gillespie 2009 (1)
Graabaek 2019
Gustafsson 2017
Lenssen 2018
Ravn-Nielsen 2018

Total (95% CI)
Heterogeneity: Tau² = 0.06; Chi² = 13.45, df = 5 (P = 0.02); I² = 63%
Test for overall effect: Z = 2.07 (P = 0.04)
Test for subgroup differences: Not applicable

log[RR]

-0.040822
-1.277543
-0.441884
-0.204451
-0.913989
-0.091533

SE

0.090586
0.361308
0.393414
0.188821
0.639883
0.114865

Weight

29.4%
10.0%
8.9%

20.5%
4.0%

27.2%

100.0%

Risk Ratio
IV, Random, 95% CI

0.96 [0.80 , 1.15]
0.28 [0.14 , 0.57]
0.64 [0.30 , 1.39]
0.82 [0.56 , 1.18]
0.40 [0.11 , 1.41]
0.91 [0.73 , 1.14]

0.75 [0.58 , 0.98]

Risk Ratio
IV, Random, 95% CI
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Footnotes
(1) Analyses are based on raw data from the following trials: Gillespie 2009

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): Hospital readmissions (due to adverse drug events)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (due to adverse drug events)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Analysis 2.5.   Comparison 2: Secondary outcomes - Trials comparing medication reviews with
standard care, Outcome 5: Hospital readmissions (due to drug-related adverse events) - 12 months

Study or Subgroup

Gillespie 2009
Lenssen 2018

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 0.46, df = 1 (P = 0.50); I² = 0%
Test for overall effect: Z = 4.29 (P < 0.0001)
Test for subgroup differences: Not applicable

Medication review
Mean

0.05
0.15

SD

0.22
0.64

Total

182
31

213

Control
Mean

0.24
0.24

SD

0.56
0.43

Total

186
29

215

Weight

90.9%
9.1%

100.0%

Mean Difference
IV, Random, 95% CI

-0.19 [-0.28 , -0.10]
-0.09 [-0.36 , 0.18]

-0.18 [-0.26 , -0.10]

Mean Difference
IV, Random, 95% CI
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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): Hospital readmissions (due to adverse drug events)
(E) Selective reporting (reporting bias)
(F) Contamination bias
(G) Other bias
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Analysis 2.6.   Comparison 2: Secondary outcomes - Trials comparing medication reviews
with standard care, Outcome 6: Hospital emergency department contacts (all-cause)

Study or Subgroup

Bonetti 2018 (1)
Curtin 2020
Farris 2014
Gillespie 2009
Gustafsson 2017
Lisby 2010
Lisby 2015
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 10.09, df = 7 (P = 0.18); I² = 31%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Not applicable

Medication review
Events

3
3

81
36

138
4
5

34

304

Total

51
59

575
182
212
50
53

947

2129

Control
Events

5
5

46
52

141
4

16
21

290

Total

53
59

293
186
216
49
54

488

1398

Weight

2.1%
2.0%

20.8%
18.3%
39.2%
2.2%
4.3%

11.1%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.62 [0.16 , 2.48]
0.60 [0.15 , 2.40]
0.90 [0.64 , 1.25]
0.71 [0.49 , 1.03]
1.00 [0.87 , 1.15]
0.98 [0.26 , 3.70]
0.32 [0.13 , 0.81]
0.83 [0.49 , 1.42]

0.84 [0.68 , 1.03]

Risk Ratio
M-H, Random, 95% CI
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Footnotes
(1) Analyses are based on raw data from the following trials: Lisby 2010, Lisby 2015 and Ravn-Nielsen 2018.

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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Analysis 2.7.   Comparison 2: Secondary outcomes - Trials comparing medication reviews with
standard care, Outcome 7: Hospital emergency department contacts (all-cause) - 3 months

Study or Subgroup

Bonnerup 2014
Curtin 2020
Lisby 2010
Lisby 2015

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.86, df = 3 (P = 0.60); I² = 0%
Test for overall effect: Z = 1.13 (P = 0.26)
Test for subgroup differences: Not applicable

Medication review
Mean

0.19
0.09

0.1
0.2

SD

0.46
0.4

0.36
0.58

Total

64
59
50
53

226

Control
Mean

0.25
0.14

0.1
0.4

SD

0.72
0.5

0.37
0.73

Total

60
59
49
54

222

Weight

17.6%
30.3%
39.1%
13.0%

100.0%

Mean Difference
IV, Random, 95% CI

-0.06 [-0.27 , 0.15]
-0.05 [-0.21 , 0.11]
0.00 [-0.14 , 0.14]

-0.20 [-0.45 , 0.05]

-0.05 [-0.14 , 0.04]

Mean Difference
IV, Random, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Selective reporting (reporting bias)
(F) Contamination bias
(G) Other bias

 
 

Medication review in hospitalised patients to reduce morbidity and mortality (Review)

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

127



Cochrane
Library

Trusted evidence.
Informed decisions.
Better health.

 
 

Cochrane Database of Systematic Reviews

Analysis 2.8.   Comparison 2: Secondary outcomes - Trials comparing medication
reviews with standard care, Outcome 8: Health-related quality of life

Study or Subgroup

Lisby 2015
Curtin 2020
Bladh 2011
Lisby 2010

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.58, df = 3 (P = 0.66); I² = 0%
Test for overall effect: Z = 1.01 (P = 0.31)
Test for subgroup differences: Not applicable

Medication review
Mean

57.7
4.53
59.1
60.9

SD

18.7
4.23

17
19.1

Total

25
37
95
28

185

Control
Mean

60
4.73
56.3
54.7

SD

24.1
4.3

16.6
26.3

Total

30
38

109
30

207

Weight

14.0%
19.3%
52.0%
14.7%

100.0%

Std. Mean Difference
IV, Random, 95% CI

-0.10 [-0.64 , 0.43]
-0.05 [-0.50 , 0.41]
0.17 [-0.11 , 0.44]
0.26 [-0.25 , 0.78]

0.10 [-0.10 , 0.30]

Std. Mean Difference
IV, Random, 95% CI
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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): Health-related quality of life
(E) Incomplete outcome data (attrition bias): Health-related quality of life
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Comparison 3.   Subgroup analysis - Trials comparing medication reviews with standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.1 Mortality (all-cause): trials of partici-
pants taking a mean of ≥ 10 different med-
ications versus trials of participants taking a
mean of < 10 different medications

15   Risk Ratio (IV, Random,
95% CI)

0.93 [0.83, 1.03]

3.1.1 Study population taking a mean of ≥ 10
different medications

6   Risk Ratio (IV, Random,
95% CI)

0.96 [0.82, 1.11]

3.1.2 Study population taking a mean of < 10
different medications

9   Risk Ratio (IV, Random,
95% CI)

0.91 [0.77, 1.08]

3.2 Hospital readmissions (all-cause): trials
of participants taking a mean of ≥ 10 differ-
ent medications versus trials of participants
taking a mean of < 10 different medications

14   Risk Ratio (IV, Random,
95% CI)

0.94 [0.90, 0.99]

3.2.1 Study population taking a mean of ≥ 10
different medications

6   Risk Ratio (IV, Random,
95% CI)

0.95 [0.89, 1.01]

3.2.2 Study population taking a mean of < 10
different medications

8   Risk Ratio (IV, Random,
95% CI)

0.94 [0.87, 1.01]

3.3 Hospital emergency department con-
tacts (all-cause): trials of participants taking
a mean of ≥ 10 different medications versus
trials of participants taking a mean of < 10
different medications

8 3527 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.84 [0.68, 1.03]

3.3.1 Study population taking a mean of ≥ 10
different medications

5 2948 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.97 [0.86, 1.10]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.3.2 Study population taking a mean of < 10
different medications

3 579 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.59 [0.38, 0.94]

3.4 Mortality (all-cause): trials with crite-
ria-based medication review versus trials
with non-criteria-based medication review

18   Risk Ratio (IV, Random,
95% CI)

0.96 [0.87, 1.05]

3.4.1 Criteria-based medication review 6   Risk Ratio (IV, Random,
95% CI)

0.97 [0.82, 1.15]

3.4.2 Non-criteria-based medication review 12   Risk Ratio (IV, Random,
95% CI)

0.95 [0.84, 1.07]

3.5 Hospital readmissions (all-cause): trials
with criteria-based medication review ver-
sus trials with non-criteria-based medica-
tion review

16   Risk Ratio (IV, Random,
95% CI)

0.93 [0.89, 0.98]

3.5.1 Criteria-based medication review 5   Risk Ratio (IV, Random,
95% CI)

0.98 [0.91, 1.05]

3.5.2 Non-criteria-based medication review 11   Risk Ratio (IV, Random,
95% CI)

0.91 [0.85, 0.96]

3.6 Hospital emergency department con-
tacts (all-cause): trials with criteria-based
medication review versus trials with non-cri-
teria-based medication review

8 3527 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.84 [0.68, 1.03]

3.6.1 Criteria-based medication review 1 118 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.60 [0.15, 2.40]

3.6.2 Non-criteria-based medication review 7 3409 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.84 [0.68, 1.04]

3.7 Mortality (all-cause): trials with low im-
plementation rate versus trials with high im-
plementation rate

18   Risk Ratio (IV, Random,
95% CI)

0.96 [0.87, 1.05]

3.7.1 Low implementation rate 5   Risk Ratio (IV, Random,
95% CI)

1.04 [0.85, 1.27]

3.7.2 High implementation rate 13   Risk Ratio (IV, Random,
95% CI)

0.93 [0.83, 1.04]

3.8 Hospital readmissions (all-cause): trials
with low implementation rate versus trials
with high implementation rate

17   Risk Ratio (IV, Random,
95% CI)

0.93 [0.89, 0.98]

3.8.1 Low implementation rate 5   Risk Ratio (IV, Random,
95% CI)

0.97 [0.90, 1.05]

3.8.2 High implementation rate 12   Risk Ratio (IV, Random,
95% CI)

0.91 [0.86, 0.96]
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Statistical method Effect size

3.9 Hospital emergency department con-
tacts (all-cause): trials with low implementa-
tion rate versus trials with high implementa-
tion rate

8 3527 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.84 [0.68, 1.03]

3.9.1 Low implementation rate 2 206 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.50 [0.17, 1.49]

3.9.2 High implementation rate 6 3321 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.94 [0.83, 1.05]

3.10 Mortality (all-cause): trials with low risk
of bias versus trials with high risk of bias

18   Risk Ratio (IV, Random,
95% CI)

0.96 [0.87, 1.05]

3.10.1 Low risk of bias 12   Risk Ratio (IV, Random,
95% CI)

1.01 [0.90, 1.12]

3.10.2 High risk of bias 6   Risk Ratio (IV, Random,
95% CI)

0.82 [0.68, 0.99]

3.11 Hospital readmissions (all-cause): trials
with low risk of bias versus trials with high
risk of bias

16   Risk Ratio (IV, Random,
95% CI)

0.93 [0.89, 0.98]

3.11.1 Low risk of bias 11   Risk Ratio (IV, Random,
95% CI)

0.95 [0.90, 1.00]

3.11.2 High risk of bias 5   Risk Ratio (IV, Random,
95% CI)

0.88 [0.79, 0.97]

3.12 Hospital emergency department con-
tacts (all-cause): trials with low risk of bias
versus trials with high risk of bias

8 3527 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.84 [0.68, 1.03]

3.12.1 Low risk of bias 5 3217 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.93 [0.83, 1.06]

3.12.2 High risk of bias 3 310 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.49 [0.25, 0.96]

3.13 Mortality (all-cause): trials with extend-
ed medication reviews versus trials with ba-
sic medication reviews

18   Risk Ratio (IV, Random,
95% CI)

0.96 [0.87, 1.05]

3.13.1 Extended medication review 11   Risk Ratio (IV, Random,
95% CI)

0.93 [0.82, 1.06]

3.13.2 Basic medication review 10   Risk Ratio (IV, Random,
95% CI)

1.02 [0.87, 1.21]

3.14 Hospital readmissions (all-cause): trials
with extended medication reviews versus
trials with basic medication reviews

17   Risk Ratio (IV, Random,
95% CI)

0.96 [0.92, 1.01]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

3.14.1 Extended medication review 11   Risk Ratio (IV, Random,
95% CI)

0.94 [0.87, 1.02]

3.14.2 Basic medication review 9   Risk Ratio (IV, Random,
95% CI)

0.99 [0.92, 1.07]

3.15 Hospital emergency department con-
tacts (all-cause): trials with extended med-
ication reviews versus trials with basic med-
ication reviews

8 3527 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.87 [0.74, 1.02]

3.15.1 Extended medication review 5 1703 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.78 [0.60, 1.01]

3.15.2 Basic medication review 5 1824 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.84 [0.61, 1.15]
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Analysis 3.1.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with
standard care, Outcome 1: Mortality (all-cause): trials of participants taking a mean of ≥ 10

di>erent medications versus trials of participants taking a mean of < 10 di>erent medications

Study or Subgroup

3.1.1 Study population taking a mean of ≥ 10 different medications
Blum 2021
Curtin 2020
Farris 2014
Lisby 2010
O'Mahony 2020
Ravn-Nielsen 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.67, df = 5 (P = 0.75); I² = 0%
Test for overall effect: Z = 0.57 (P = 0.57)

3.1.2 Study population taking a mean of < 10 different medications
Bladh 2011
Bonetti 2018
Dalleur 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Lea 2020
Lisby 2015
Nielsen 2017
Subtotal (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 9.19, df = 8 (P = 0.33); I² = 13%
Test for overall effect: Z = 1.10 (P = 0.27)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 12.20, df = 14 (P = 0.59); I² = 0%
Test for overall effect: Z = 1.41 (P = 0.16)
Test for subgroup differences: Chi² = 0.20, df = 1 (P = 0.66), I² = 0%

log[RR]

-0.0834
-0.389961
0.217221
0.449801
0.039065

-0.013339

0.472156
-0.369747
-0.060625
-0.116588
-0.043675
-0.287682

-0.35863
0.037041
0.050898

SE

0.1083
0.32845

0.443573
0.533471
0.187996
0.165459

0.268719
0.617204

0.43513
0.29123

0.132253
0.310913
0.140226
0.793484
0.216595

Weight

24.9%
2.7%
1.5%
1.0%
8.3%

10.7%
49.0%

4.0%
0.8%
1.5%
3.4%

16.7%
3.0%

14.8%
0.5%
6.2%

51.0%

100.0%

Risk Ratio
IV, Random, 95% CI

0.92 [0.74 , 1.14]
0.68 [0.36 , 1.29]
1.24 [0.52 , 2.96]
1.57 [0.55 , 4.46]
1.04 [0.72 , 1.50]
0.99 [0.71 , 1.36]
0.96 [0.82 , 1.11]

1.60 [0.95 , 2.72]
0.69 [0.21 , 2.32]
0.94 [0.40 , 2.21]
0.89 [0.50 , 1.57]
0.96 [0.74 , 1.24]
0.75 [0.41 , 1.38]
0.70 [0.53 , 0.92]
1.04 [0.22 , 4.91]
1.05 [0.69 , 1.61]
0.91 [0.77 , 1.08]

0.93 [0.83 , 1.03]

Risk Ratio
IV, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.2.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with standard
care, Outcome 2: Hospital readmissions (all-cause): trials of participants taking a mean of ≥ 10
di>erent medications versus trials of participants taking a mean of < 10 di>erent medications

Study or Subgroup

3.2.1 Study population taking a mean of ≥ 10 different medications
Blum 2021
Curtin 2020
Farris 2014
Lisby 2010
O'Mahony 2020
Ravn-Nielsen 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 4.73, df = 5 (P = 0.45); I² = 0%
Test for overall effect: Z = 1.61 (P = 0.11)

3.2.2 Study population taking a mean of < 10 different medications
Bladh 2011
Bonetti 2018
Gallagher 2011
Gillespie 2009
Graabaek 2019
Lea 2020
Lisby 2015
Nielsen 2017
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 4.73, df = 7 (P = 0.69); I² = 0%
Test for overall effect: Z = 1.62 (P = 0.11)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 9.52, df = 13 (P = 0.73); I² = 0%
Test for overall effect: Z = 2.27 (P = 0.02)
Test for subgroup differences: Chi² = 0.06, df = 1 (P = 0.81), I² = 0%

log[RR]

-0.0698
0.5878
0.0808

-0.0202
0.0356
-0.111

0.0167
-0.5211
0.0346

-0.0333
-0.2338
-0.1149
0.2418

-0.0602

SE

0.05
0.5265
0.1617
0.2659
0.0738
0.0581

0.1087
0.5953
0.1392
0.0866
0.1299

0.078
0.3356
0.0927

Weight

25.7%
0.2%
2.5%
0.9%

11.8%
19.0%
60.1%

5.4%
0.2%
3.3%
8.6%
3.8%

10.6%
0.6%
7.5%

39.9%

100.0%

Risk Ratio
IV, Random, 95% CI

0.93 [0.85 , 1.03]
1.80 [0.64 , 5.05]
1.08 [0.79 , 1.49]
0.98 [0.58 , 1.65]
1.04 [0.90 , 1.20]
0.89 [0.80 , 1.00]
0.95 [0.89 , 1.01]

1.02 [0.82 , 1.26]
0.59 [0.18 , 1.91]
1.04 [0.79 , 1.36]
0.97 [0.82 , 1.15]
0.79 [0.61 , 1.02]
0.89 [0.77 , 1.04]
1.27 [0.66 , 2.46]
0.94 [0.79 , 1.13]
0.94 [0.87 , 1.01]

0.94 [0.90 , 0.99]

Risk Ratio
IV, Random, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.3.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with standard care,
Outcome 3: Hospital emergency department contacts (all-cause): trials of participants taking a mean
of ≥ 10 di>erent medications versus trials of participants taking a mean of < 10 di>erent medications

Study or Subgroup

3.3.1 Study population taking a mean of ≥ 10 different medications
Curtin 2020
Farris 2014
Gustafsson 2017
Lisby 2010
Ravn-Nielsen 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.31, df = 4 (P = 0.86); I² = 0%
Test for overall effect: Z = 0.49 (P = 0.62)

3.3.2 Study population taking a mean of < 10 different medications
Bonetti 2018
Gillespie 2009
Lisby 2015
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.04; Chi² = 2.46, df = 2 (P = 0.29); I² = 19%
Test for overall effect: Z = 2.23 (P = 0.03)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 10.09, df = 7 (P = 0.18); I² = 31%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Chi² = 4.12, df = 1 (P = 0.04), I² = 75.7%

Medication review
Events

3
81

138
4

34

260

3
36
5

44

304

Total

59
575
212
50

947
1843

51
182
53

286

2129

Control
Events

5
46

141
4

21

217

5
52
16

73

290

Total

59
293
216
49

488
1105

53
186
54

293

1398

Weight

2.0%
20.8%
39.2%
2.2%

11.1%
75.4%

2.1%
18.3%
4.3%

24.6%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.60 [0.15 , 2.40]
0.90 [0.64 , 1.25]
1.00 [0.87 , 1.15]
0.98 [0.26 , 3.70]
0.83 [0.49 , 1.42]
0.97 [0.86 , 1.10]

0.62 [0.16 , 2.48]
0.71 [0.49 , 1.03]
0.32 [0.13 , 0.81]
0.59 [0.38 , 0.94]

0.84 [0.68 , 1.03]
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.4.   Comparison 3: Subgroup analysis - Trials comparing medication
reviews with standard care, Outcome 4: Mortality (all-cause): trials with criteria-
based medication review versus trials with non-criteria-based medication review

Study or Subgroup

3.4.1 Criteria-based medication review
Bladh 2011
Blum 2021
Curtin 2020
Dalleur 2014
Gallagher 2011
O'Mahony 2020
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 5.27, df = 5 (P = 0.38); I² = 5%
Test for overall effect: Z = 0.32 (P = 0.75)

3.4.2 Non-criteria-based medication review
Bonetti 2018
Bonnerup 2014
Farris 2014
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lisby 2010
Lisby 2015
Nielsen 2017
Ravn-Nielsen 2018
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.28, df = 11 (P = 0.42); I² = 2%
Test for overall effect: Z = 0.82 (P = 0.41)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 16.59, df = 17 (P = 0.48); I² = 0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Chi² = 0.05, df = 1 (P = 0.83), I² = 0%

log[RR]

0.4722
-0.0834
-0.4055
-0.0606
-0.1166
0.0391

-0.3697
0.1586
0.2172

-0.0437
-0.2877
0.2726

-0.3586
0.4498

0.037
0.0509

-0.0133
-0.0889

SE

0.2687
0.1083
0.3288
0.4351
0.2912

0.188

0.6172
0.3431
0.4436
0.1323
0.3109
0.1694
0.1402
0.5335
0.7935
0.2166
0.1655
0.1509

Weight

3.2%
19.8%

2.2%
1.2%
2.7%
6.6%

35.8%

0.6%
2.0%
1.2%

13.3%
2.4%
8.1%

11.8%
0.8%
0.4%
5.0%
8.5%

10.2%
64.2%

100.0%

Risk Ratio
IV, Random, 95% CI

1.60 [0.95 , 2.72]
0.92 [0.74 , 1.14]
0.67 [0.35 , 1.27]
0.94 [0.40 , 2.21]
0.89 [0.50 , 1.57]
1.04 [0.72 , 1.50]
0.97 [0.82 , 1.15]

0.69 [0.21 , 2.32]
1.17 [0.60 , 2.30]
1.24 [0.52 , 2.96]
0.96 [0.74 , 1.24]
0.75 [0.41 , 1.38]
1.31 [0.94 , 1.83]
0.70 [0.53 , 0.92]
1.57 [0.55 , 4.46]
1.04 [0.22 , 4.91]
1.05 [0.69 , 1.61]
0.99 [0.71 , 1.36]
0.91 [0.68 , 1.23]
0.95 [0.84 , 1.07]

0.96 [0.87 , 1.05]

Risk Ratio
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.5.   Comparison 3: Subgroup analysis - Trials comparing medication reviews
with standard care, Outcome 5: Hospital readmissions (all-cause): trials with criteria-

based medication review versus trials with non-criteria-based medication review

Study or Subgroup

3.5.1 Criteria-based medication review
Bladh 2011
Blum 2021
Curtin 2020
Gallagher 2011
O'Mahony 2020
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.16, df = 4 (P = 0.53); I² = 0%
Test for overall effect: Z = 0.60 (P = 0.55)

3.5.2 Non-criteria-based medication review
Farris 2014
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lenssen 2018
Lisby 2010
Lisby 2015
Nielsen 2017
Ravn-Nielsen 2018
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 5.53, df = 10 (P = 0.85); I² = 0%
Test for overall effect: Z = 3.24 (P = 0.001)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.26, df = 15 (P = 0.73); I² = 0%
Test for overall effect: Z = 2.88 (P = 0.004)
Test for subgroup differences: Chi² = 2.58, df = 1 (P = 0.11), I² = 61.2%

log[RR]

0.0167
-0.0698
0.5878
0.0346
0.0356

0.0808
-0.0333
-0.2338
-0.0642
-0.1149
-0.1312
-0.0202
0.2418

-0.0602
-0.111

-0.1901

SE

0.1087
0.05

0.5265
0.1392
0.0738

0.1617
0.0866
0.1299
0.1198
0.078

0.2499
0.2659
0.3356
0.0927
0.0581
0.0846

Weight

4.8%
22.5%
0.2%
2.9%

10.3%
40.7%

2.1%
7.5%
3.3%
3.9%
9.2%
0.9%
0.8%
0.5%
6.5%

16.6%
7.9%

59.3%

100.0%

Risk Ratio
IV, Random, 95% CI

1.02 [0.82 , 1.26]
0.93 [0.85 , 1.03]
1.80 [0.64 , 5.05]
1.04 [0.79 , 1.36]
1.04 [0.90 , 1.20]
0.98 [0.91 , 1.05]

1.08 [0.79 , 1.49]
0.97 [0.82 , 1.15]
0.79 [0.61 , 1.02]
0.94 [0.74 , 1.19]
0.89 [0.77 , 1.04]
0.88 [0.54 , 1.43]
0.98 [0.58 , 1.65]
1.27 [0.66 , 2.46]
0.94 [0.79 , 1.13]
0.89 [0.80 , 1.00]
0.83 [0.70 , 0.98]
0.91 [0.85 , 0.96]

0.93 [0.89 , 0.98]

Risk Ratio
IV, Random, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.6.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with
standard care, Outcome 6: Hospital emergency department contacts (all-cause): trials with
criteria-based medication review versus trials with non-criteria-based medication review

Study or Subgroup

3.6.1 Criteria-based medication review
Curtin 2020
Subtotal (95% CI)
Total events:
Heterogeneity: Not applicable
Test for overall effect: Z = 0.72 (P = 0.47)

3.6.2 Non-criteria-based medication review
Bonetti 2018
Farris 2014
Gillespie 2009
Gustafsson 2017
Lisby 2010
Lisby 2015
Ravn-Nielsen 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.03; Chi² = 9.64, df = 6 (P = 0.14); I² = 38%
Test for overall effect: Z = 1.63 (P = 0.10)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 10.09, df = 7 (P = 0.18); I² = 31%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Chi² = 0.22, df = 1 (P = 0.64), I² = 0%

Medication review
Events

3

3

3
81
36

138
4
5

34

301

304

Total

59
59

51
575
182
212
50
53

947
2070

2129

Control
Events

5

5

5
46
52

141
4

16
21

285

290

Total

59
59

53
293
186
216
49
54

488
1339

1398

Weight

2.0%
2.0%

2.1%
20.8%
18.3%
39.2%
2.2%
4.3%

11.1%
98.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.60 [0.15 , 2.40]
0.60 [0.15 , 2.40]

0.62 [0.16 , 2.48]
0.90 [0.64 , 1.25]
0.71 [0.49 , 1.03]
1.00 [0.87 , 1.15]
0.98 [0.26 , 3.70]
0.32 [0.13 , 0.81]
0.83 [0.49 , 1.42]
0.84 [0.68 , 1.04]

0.84 [0.68 , 1.03]

Risk Ratio
M-H, Random, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.7.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with standard care,
Outcome 7: Mortality (all-cause): trials with low implementation rate versus trials with high implementation rate

Study or Subgroup

3.7.1 Low implementation rate
Bladh 2011
Blum 2021
Lisby 2010
Lisby 2015
O'Mahony 2020
Subtotal (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 4.40, df = 4 (P = 0.35); I² = 9%
Test for overall effect: Z = 0.39 (P = 0.70)

3.7.2 High implementation rate
Bonetti 2018
Bonnerup 2014
Curtin 2020
Dalleur 2014
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Nielsen 2017
Ravn-Nielsen 2018
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.47, df = 12 (P = 0.49); I² = 0%
Test for overall effect: Z = 1.25 (P = 0.21)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 16.59, df = 17 (P = 0.48); I² = 0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Chi² = 0.92, df = 1 (P = 0.34), I² = 0%

log[RR]

0.4722
-0.0834
0.4498

0.037
0.0391

-0.3697
0.1586

-0.4055
-0.0606
0.2172

-0.1166
-0.0437
-0.2877
0.2726

-0.3586
0.0509

-0.0133
-0.0889

SE

0.2687
0.1083
0.5335
0.7935

0.188

0.6172
0.3431
0.3288
0.4351
0.4436
0.2912
0.1323
0.3109
0.1694
0.1402
0.2166
0.1655
0.1509

Weight

3.2%
19.8%

0.8%
0.4%
6.6%

30.8%

0.6%
2.0%
2.2%
1.2%
1.2%
2.7%

13.3%
2.4%
8.1%

11.8%
5.0%
8.5%

10.2%
69.2%

100.0%

Risk Ratio
IV, Random, 95% CI

1.60 [0.95 , 2.72]
0.92 [0.74 , 1.14]
1.57 [0.55 , 4.46]
1.04 [0.22 , 4.91]
1.04 [0.72 , 1.50]
1.04 [0.85 , 1.27]

0.69 [0.21 , 2.32]
1.17 [0.60 , 2.30]
0.67 [0.35 , 1.27]
0.94 [0.40 , 2.21]
1.24 [0.52 , 2.96]
0.89 [0.50 , 1.57]
0.96 [0.74 , 1.24]
0.75 [0.41 , 1.38]
1.31 [0.94 , 1.83]
0.70 [0.53 , 0.92]
1.05 [0.69 , 1.61]
0.99 [0.71 , 1.36]
0.91 [0.68 , 1.23]
0.93 [0.83 , 1.04]

0.96 [0.87 , 1.05]

Risk Ratio
IV, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.8.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with standard care, Outcome
8: Hospital readmissions (all-cause): trials with low implementation rate versus trials with high implementation rate

Study or Subgroup

3.8.1 Low implementation rate
Bladh 2011
Blum 2021
Lisby 2010
Lisby 2015
O'Mahony 2020
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 2.26, df = 4 (P = 0.69); I² = 0%
Test for overall effect: Z = 0.69 (P = 0.49)

3.8.2 High implementation rate
Bonetti 2018
Curtin 2020
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lenssen 2018
Nielsen 2017
Ravn-Nielsen 2018
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 7.53, df = 11 (P = 0.75); I² = 0%
Test for overall effect: Z = 3.17 (P = 0.002)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.84, df = 16 (P = 0.76); I² = 0%
Test for overall effect: Z = 2.91 (P = 0.004)
Test for subgroup differences: Chi² = 2.05, df = 1 (P = 0.15), I² = 51.2%

log[RR]

0.0167
-0.0698
-0.0202
0.2418
0.0356

-0.5211
0.5878
0.0808
0.0346

-0.0333
-0.2338
-0.0642
-0.1149
-0.1312
-0.0602

-0.111
-0.1901

SE

0.1087
0.05

0.2659
0.3356
0.0738

0.5953
0.5265
0.1617
0.1392
0.0866
0.1299
0.1142
0.078

0.2499
0.0927
0.0581
0.0846

Weight

4.7%
22.4%
0.8%
0.5%

10.3%
38.6%

0.2%
0.2%
2.1%
2.9%
7.5%
3.3%
4.3%
9.2%
0.9%
6.5%

16.6%
7.8%

61.4%

100.0%

Risk Ratio
IV, Random, 95% CI

1.02 [0.82 , 1.26]
0.93 [0.85 , 1.03]
0.98 [0.58 , 1.65]
1.27 [0.66 , 2.46]
1.04 [0.90 , 1.20]
0.97 [0.90 , 1.05]

0.59 [0.18 , 1.91]
1.80 [0.64 , 5.05]
1.08 [0.79 , 1.49]
1.04 [0.79 , 1.36]
0.97 [0.82 , 1.15]
0.79 [0.61 , 1.02]
0.94 [0.75 , 1.17]
0.89 [0.77 , 1.04]
0.88 [0.54 , 1.43]
0.94 [0.79 , 1.13]
0.89 [0.80 , 1.00]
0.83 [0.70 , 0.98]
0.91 [0.86 , 0.96]

0.93 [0.89 , 0.98]

Risk Ratio
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.9.   Comparison 3: Subgroup analysis - Trials comparing medication reviews
with standard care, Outcome 9: Hospital emergency department contacts (all-cause):

trials with low implementation rate versus trials with high implementation rate

Study or Subgroup

3.9.1 Low implementation rate
Lisby 2010
Lisby 2015
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.29; Chi² = 1.85, df = 1 (P = 0.17); I² = 46%
Test for overall effect: Z = 1.24 (P = 0.21)

3.9.2 High implementation rate
Bonetti 2018
Curtin 2020
Farris 2014
Gillespie 2009
Gustafsson 2017
Ravn-Nielsen 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 4.49, df = 5 (P = 0.48); I² = 0%
Test for overall effect: Z = 1.09 (P = 0.27)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 10.09, df = 7 (P = 0.18); I² = 31%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Chi² = 1.25, df = 1 (P = 0.26), I² = 19.9%

Medication review
Events

4
5

9

3
3

81
36

138
34

295

304

Total

50
53

103

51
59

575
182
212
947

2026

2129

Control
Events

4
16

20

5
5

46
52

141
21

270

290

Total

49
54

103

53
59

293
186
216
488

1295

1398

Weight

2.2%
4.3%
6.5%

2.1%
2.0%

20.8%
18.3%
39.2%
11.1%
93.5%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.98 [0.26 , 3.70]
0.32 [0.13 , 0.81]
0.50 [0.17 , 1.49]

0.62 [0.16 , 2.48]
0.60 [0.15 , 2.40]
0.90 [0.64 , 1.25]
0.71 [0.49 , 1.03]
1.00 [0.87 , 1.15]
0.83 [0.49 , 1.42]
0.94 [0.83 , 1.05]

0.84 [0.68 , 1.03]

Risk Ratio
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.10.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with standard
care, Outcome 10: Mortality (all-cause): trials with low risk of bias versus trials with high risk of bias

Study or Subgroup

3.10.1 Low risk of bias
Bladh 2011
Blum 2021
Bonnerup 2014
Curtin 2020
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 9.46, df = 11 (P = 0.58); I² = 0%
Test for overall effect: Z = 0.14 (P = 0.89)

3.10.2 High risk of bias
Bonetti 2018
Dalleur 2014
Lea 2020
Lisby 2010
Lisby 2015
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.57, df = 5 (P = 0.61); I² = 0%
Test for overall effect: Z = 2.10 (P = 0.04)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 16.59, df = 17 (P = 0.48); I² = 0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Chi² = 3.56, df = 1 (P = 0.06), I² = 71.9%

log[RR]

0.4722
-0.0834
0.1586

-0.4055
0.2172

-0.1166
-0.0437
-0.2877
0.2726
0.0509
0.0391

-0.0133

-0.3697
-0.0606
-0.3586
0.4498
0.037

-0.0889

SE

0.2687
0.1083
0.3431
0.3288
0.4436
0.2912
0.1323
0.3109
0.1694
0.2166
0.188

0.1655

0.6172
0.4351
0.1402
0.5335
0.7935
0.1509

Weight

3.2%
19.8%
2.0%
2.2%
1.2%
2.7%

13.3%
2.4%
8.1%
5.0%
6.6%
8.5%

74.9%

0.6%
1.2%

11.8%
0.8%
0.4%

10.2%
25.1%

100.0%

Risk Ratio
IV, Random, 95% CI

1.60 [0.95 , 2.72]
0.92 [0.74 , 1.14]
1.17 [0.60 , 2.30]
0.67 [0.35 , 1.27]
1.24 [0.52 , 2.96]
0.89 [0.50 , 1.57]
0.96 [0.74 , 1.24]
0.75 [0.41 , 1.38]
1.31 [0.94 , 1.83]
1.05 [0.69 , 1.61]
1.04 [0.72 , 1.50]
0.99 [0.71 , 1.36]
1.01 [0.90 , 1.12]

0.69 [0.21 , 2.32]
0.94 [0.40 , 2.21]
0.70 [0.53 , 0.92]
1.57 [0.55 , 4.46]
1.04 [0.22 , 4.91]
0.91 [0.68 , 1.23]
0.82 [0.68 , 0.99]

0.96 [0.87 , 1.05]

Risk Ratio
IV, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.11.   Comparison 3: Subgroup analysis - Trials comparing medication reviews with standard care,
Outcome 11: Hospital readmissions (all-cause): trials with low risk of bias versus trials with high risk of bias

Study or Subgroup

3.11.1 Low risk of bias
Bladh 2011
Blum 2021
Curtin 2020
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 7.53, df = 10 (P = 0.67); I² = 0%
Test for overall effect: Z = 2.00 (P = 0.05)

3.11.2 High risk of bias
Lea 2020
Lenssen 2018
Lisby 2010
Lisby 2015
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 1.94, df = 4 (P = 0.75); I² = 0%
Test for overall effect: Z = 2.47 (P = 0.01)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.26, df = 15 (P = 0.73); I² = 0%
Test for overall effect: Z = 2.88 (P = 0.004)
Test for subgroup differences: Chi² = 1.79, df = 1 (P = 0.18), I² = 44.3%

log[RR]

0.0167
-0.0698
0.5878
0.0808
0.0346

-0.0333
-0.2338
-0.0642
-0.0602
0.0356
-0.111

-0.1149
-0.1312
-0.0202
0.2418

-0.1901

SE

0.1087
0.05

0.5265
0.1617
0.1392
0.0866
0.1299
0.1198
0.0927
0.0738
0.0581

0.078
0.2499
0.2659
0.3356
0.0846

Weight

4.8%
22.5%
0.2%
2.1%
2.9%
7.5%
3.3%
3.9%
6.5%

10.3%
16.6%
80.7%

9.2%
0.9%
0.8%
0.5%
7.9%

19.3%

100.0%

Risk Ratio
IV, Random, 95% CI

1.02 [0.82 , 1.26]
0.93 [0.85 , 1.03]
1.80 [0.64 , 5.05]
1.08 [0.79 , 1.49]
1.04 [0.79 , 1.36]
0.97 [0.82 , 1.15]
0.79 [0.61 , 1.02]
0.94 [0.74 , 1.19]
0.94 [0.79 , 1.13]
1.04 [0.90 , 1.20]
0.89 [0.80 , 1.00]
0.95 [0.90 , 1.00]

0.89 [0.77 , 1.04]
0.88 [0.54 , 1.43]
0.98 [0.58 , 1.65]
1.27 [0.66 , 2.46]
0.83 [0.70 , 0.98]
0.88 [0.79 , 0.97]

0.93 [0.89 , 0.98]

Risk Ratio
IV, Random, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.12.   Comparison 3: Subgroup analysis - Trials comparing medication
reviews with standard care, Outcome 12: Hospital emergency department

contacts (all-cause): trials with low risk of bias versus trials with high risk of bias

Study or Subgroup

3.12.1 Low risk of bias
Curtin 2020
Farris 2014
Gillespie 2009
Gustafsson 2017
Ravn-Nielsen 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 4.10, df = 4 (P = 0.39); I² = 2%
Test for overall effect: Z = 1.07 (P = 0.28)

3.12.2 High risk of bias
Bonetti 2018
Lisby 2010
Lisby 2015
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.99, df = 2 (P = 0.37); I² = 0%
Test for overall effect: Z = 2.07 (P = 0.04)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.02; Chi² = 10.09, df = 7 (P = 0.18); I² = 31%
Test for overall effect: Z = 1.71 (P = 0.09)
Test for subgroup differences: Chi² = 3.38, df = 1 (P = 0.07), I² = 70.4%

Medication review
Events

3
81
36

138
34

292

3
4
5

12

304

Total

59
575
182
212
947

1975

51
50
53

154

2129

Control
Events

5
46
52

141
21

265

5
4

16

25

290

Total

59
293
186
216
488

1242

53
49
54

156

1398

Weight

2.0%
20.8%
18.3%
39.2%
11.1%
91.4%

2.1%
2.2%
4.3%
8.6%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.60 [0.15 , 2.40]
0.90 [0.64 , 1.25]
0.71 [0.49 , 1.03]
1.00 [0.87 , 1.15]
0.83 [0.49 , 1.42]
0.93 [0.83 , 1.06]

0.62 [0.16 , 2.48]
0.98 [0.26 , 3.70]
0.32 [0.13 , 0.81]
0.49 [0.25 , 0.96]

0.84 [0.68 , 1.03]

Risk Ratio
M-H, Random, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.13.   Comparison 3: Subgroup analysis - Trials comparing medication
reviews with standard care, Outcome 13: Mortality (all-cause): trials with
extended medication reviews versus trials with basic medication reviews

Study or Subgroup

3.13.1 Extended medication review
Bladh 2011
Blum 2021
Bonetti 2018
Dalleur 2014
Farris 2014
Gillespie 2009
Graabaek 2019
Lea 2020
Lisby 2010
Ravn-Nielsen 2018
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.17, df = 10 (P = 0.34); I² = 10%
Test for overall effect: Z = 1.05 (P = 0.29)

3.13.2 Basic medication review
Bonnerup 2014
Curtin 2020
Farris 2014
Gallagher 2011
Graabaek 2019
Gustafsson 2017
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 5.63, df = 9 (P = 0.78); I² = 0%
Test for overall effect: Z = 0.26 (P = 0.80)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 17.72, df = 20 (P = 0.61); I² = 0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Chi² = 0.72, df = 1 (P = 0.40), I² = 0%

log[RR]

0.472156
-0.0834

-0.369747
-0.060625
0.442075

-0.043675
-0.207639

-0.35863
0.449801
0.122143

-0.088901

0.158605
-0.389961
-0.172534
-0.116588
-0.374693
0.272629
0.037041
0.050898
0.039065

-0.164262

SE

0.268719
0.1083

0.617204
0.43513

0.568689
0.132253
0.432346
0.140226
0.533471
0.228914
0.150919

0.343086
0.32845

0.723575
0.29123

0.448229
0.169384
0.793484
0.216595
0.187996
0.240344

Weight

3.2%
19.8%

0.6%
1.2%
0.7%

13.3%
1.2%

11.8%
0.8%
4.4%

10.2%
67.5%

2.0%
2.2%
0.4%
2.7%
1.2%
8.1%
0.4%
5.0%
6.6%
4.0%

32.5%

100.0%

Risk Ratio
IV, Random, 95% CI

1.60 [0.95 , 2.72]
0.92 [0.74 , 1.14]
0.69 [0.21 , 2.32]
0.94 [0.40 , 2.21]
1.56 [0.51 , 4.74]
0.96 [0.74 , 1.24]
0.81 [0.35 , 1.90]
0.70 [0.53 , 0.92]
1.57 [0.55 , 4.46]
1.13 [0.72 , 1.77]
0.91 [0.68 , 1.23]
0.93 [0.82 , 1.06]

1.17 [0.60 , 2.30]
0.68 [0.36 , 1.29]
0.84 [0.20 , 3.48]
0.89 [0.50 , 1.57]
0.69 [0.29 , 1.66]
1.31 [0.94 , 1.83]
1.04 [0.22 , 4.91]
1.05 [0.69 , 1.61]
1.04 [0.72 , 1.50]
0.85 [0.53 , 1.36]
1.02 [0.87 , 1.21]

0.96 [0.87 , 1.05]

Risk Ratio
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.14.   Comparison 3: Subgroup analysis - Trials comparing medication
reviews with standard care, Outcome 14: Hospital readmissions (all-cause): trials

with extended medication reviews versus trials with basic medication reviews

Study or Subgroup

3.14.1 Extended medication review
Bladh 2011
Blum 2021
Bonetti 2018
Farris 2014
Gillespie 2009
Graabaek 2019
Lea 2020
Lenssen 2018
Lisby 2010
Ravn-Nielsen 2018
Scullin 2007
Subtotal (95% CI)
Heterogeneity: Tau² = 0.01; Chi² = 15.01, df = 10 (P = 0.13); I² = 33%
Test for overall effect: Z = 1.39 (P = 0.16)

3.14.2 Basic medication review
Curtin 2020
Farris 2014
Gallagher 2011
Graabaek 2019
Gustafsson 2017
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Subtotal (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 3.37, df = 8 (P = 0.91); I² = 0%
Test for overall effect: Z = 0.26 (P = 0.79)

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 19.20, df = 19 (P = 0.44); I² = 1%
Test for overall effect: Z = 1.64 (P = 0.10)
Test for subgroup differences: Chi² = 0.67, df = 1 (P = 0.41), I² = 0%

log[RR]

0.016713
-0.0698

-0.52115
0.104852
-0.03332

-0.365549
-0.11488
-0.13123

-0.020203
-0.198504
0.151006

0.587787
0.057229
0.034636

-0.117155
-0.064196
0.241836

-0.060221
0.035628

-0.033792

SE

0.108668
0.05

0.595299
0.231382
0.086555
0.189796
0.078006
0.249852

0.2659
0.084972
0.077303

0.52651
0.226013
0.139201
0.179237
0.119845
0.335579
0.092735
0.073764
0.080002

Weight

4.7%
21.6%

0.2%
1.1%
7.4%
1.6%
9.1%
0.9%
0.8%
7.7%
9.3%

64.3%

0.2%
1.1%
2.9%
1.8%
3.9%
0.5%
6.5%

10.2%
8.7%

35.7%

100.0%

Risk Ratio
IV, Random, 95% CI

1.02 [0.82 , 1.26]
0.93 [0.85 , 1.03]
0.59 [0.18 , 1.91]
1.11 [0.71 , 1.75]
0.97 [0.82 , 1.15]
0.69 [0.48 , 1.01]
0.89 [0.77 , 1.04]
0.88 [0.54 , 1.43]
0.98 [0.58 , 1.65]
0.82 [0.69 , 0.97]
1.16 [1.00 , 1.35]
0.94 [0.87 , 1.02]

1.80 [0.64 , 5.05]
1.06 [0.68 , 1.65]
1.04 [0.79 , 1.36]
0.89 [0.63 , 1.26]
0.94 [0.74 , 1.19]
1.27 [0.66 , 2.46]
0.94 [0.79 , 1.13]
1.04 [0.90 , 1.20]
0.97 [0.83 , 1.13]
0.99 [0.92 , 1.07]

0.96 [0.92 , 1.01]
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 3.15.   Comparison 3: Subgroup analysis - Trials comparing medication reviews
with standard care, Outcome 15: Hospital emergency department contacts (all-cause):

trials with extended medication reviews versus trials with basic medication reviews

Study or Subgroup

3.15.1 Extended medication review
Bonetti 2018
Farris 2014
Gillespie 2009
Lisby 2010
Ravn-Nielsen 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 1.03, df = 4 (P = 0.91); I² = 0%
Test for overall effect: Z = 1.88 (P = 0.06)

3.15.2 Basic medication review
Curtin 2020
Farris 2014
Gustafsson 2017
Lisby 2015
Ravn-Nielsen 2018
Subtotal (95% CI)
Total events:
Heterogeneity: Tau² = 0.05; Chi² = 6.90, df = 4 (P = 0.14); I² = 42%
Test for overall effect: Z = 1.09 (P = 0.28)

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.01; Chi² = 10.39, df = 9 (P = 0.32); I² = 13%
Test for overall effect: Z = 1.69 (P = 0.09)
Test for subgroup differences: Chi² = 0.12, df = 1 (P = 0.73), I² = 0%

Medication review
Events

3
41
36
4

15

99

3
40

138
5

19

205

304

Total

51
281
182
50

461
1025

59
294
212
53

486
1104

2129

Control
Events

5
23
52
4

11

95

5
23

141
16
10

195

290

Total

53
146
186
49

244
678

59
147
216
54

244
720

1398

Weight

1.4%
10.5%
15.3%
1.5%
4.4%

33.1%

1.4%
10.4%
47.7%
3.0%
4.5%

66.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.62 [0.16 , 2.48]
0.93 [0.58 , 1.48]
0.71 [0.49 , 1.03]
0.98 [0.26 , 3.70]
0.72 [0.34 , 1.55]
0.78 [0.60 , 1.01]

0.60 [0.15 , 2.40]
0.87 [0.54 , 1.40]
1.00 [0.87 , 1.15]
0.32 [0.13 , 0.81]
0.95 [0.45 , 2.02]
0.84 [0.61 , 1.15]

0.87 [0.74 , 1.02]

Risk Ratio
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Comparison 4.   Sensitivity analysis - Trials comparing medication reviews with standard care

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.1 Mortality (all-cause) - alternative ITT
analysis

18   Risk Ratio (IV, Ran-
dom, 95% CI)

0.95 [0.87, 1.05]

4.2 Hospital readmissions (all-cause) - alter-
native ITT analysis

17   Risk Ratio (IV, Ran-
dom, 95% CI)

0.93 [0.89, 0.98]

4.3 Hospital emergency department contacts
(all-cause) - alternative ITT analysis

8 3667 Risk Ratio (M-H, Ran-
dom, 95% CI)

0.94 [0.84, 1.06]

4.4 Mortality (all-cause) - fixed-effect 18   Risk Ratio (IV, Fixed,
95% CI)

0.96 [0.87, 1.05]

4.5 Hospital readmissions (all-cause) - fixed-
effect

17   Risk Ratio (IV, Fixed,
95% CI)

0.93 [0.89, 0.98]
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Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

4.6 Hospital emergency department contacts
(all-cause) - fixed-effect

8 3527 Risk Ratio (M-H, Fixed,
95% CI)

0.87 [0.76, 0.98]

4.7 Mortality (all-cause) - including adjusted
data from cluster-randomised cross-over tri-
als

19   Risk Ratio (IV, Ran-
dom, 95% CI)

0.97 [0.89, 1.05]

4.8 Hospital readmissions (all-cause) - includ-
ing adjusted data from cluster-randomised
cross-over trials

18   Risk Ratio (IV, Ran-
dom, 95% CI)

0.93 [0.90, 0.97]

4.9 Hospital emergency department contacts
(all-cause) - including adjusted data from
cluster-randomised cross-over trials

9   Risk Ratio (IV, Ran-
dom, 95% CI)

0.86 [0.70, 1.06]

 
 

Analysis 4.1.   Comparison 4: Sensitivity analysis - Trials comparing medication
reviews with standard care, Outcome 1: Mortality (all-cause) - alternative ITT analysis

Study or Subgroup

Bladh 2011
Blum 2021
Bonetti 2018
Bonnerup 2014
Curtin 2020
Dalleur 2014
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 16.40, df = 17 (P = 0.50); I² = 0%
Test for overall effect: Z = 0.97 (P = 0.33)
Test for subgroup differences: Not applicable

log[RR]

0.415465
-0.0834

-0.390427
0.158605

-0.405465
0.050644
0.19896

-0.09531
-0.058993
-0.287682
0.276987

-0.368681
0.470004
0.037041
0.089612
0.04805

-0.030832
-0.073535

SE

0.270801
0.1038

0.621763
0.343086
0.328816
0.473991
0.443712
0.292326
0.132736
0.310913
0.16944

0.140406
0.533854
0.793484
0.223429
0.188478
0.165604
0.151097

Weight

3.1%
21.4%
0.6%
2.0%
2.1%
1.0%
1.2%
2.7%

13.1%
2.4%
8.0%

11.7%
0.8%
0.4%
4.6%
6.5%
8.4%

10.1%

100.0%

Risk Ratio
IV, Random, 95% CI

1.52 [0.89 , 2.58]
0.92 [0.75 , 1.13]
0.68 [0.20 , 2.29]
1.17 [0.60 , 2.30]
0.67 [0.35 , 1.27]
1.05 [0.42 , 2.66]
1.22 [0.51 , 2.91]
0.91 [0.51 , 1.61]
0.94 [0.73 , 1.22]
0.75 [0.41 , 1.38]
1.32 [0.95 , 1.84]
0.69 [0.53 , 0.91]
1.60 [0.56 , 4.56]
1.04 [0.22 , 4.91]
1.09 [0.71 , 1.69]
1.05 [0.73 , 1.52]
0.97 [0.70 , 1.34]
0.93 [0.69 , 1.25]

0.95 [0.87 , 1.05]

Risk Ratio
IV, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 4.2.   Comparison 4: Sensitivity analysis - Trials comparing medication reviews
with standard care, Outcome 2: Hospital readmissions (all-cause) - alternative ITT analysis

Study or Subgroup

Bladh 2011
Blum 2021
Bonetti 2018
Curtin 2020
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lenssen 2018
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 10.51, df = 16 (P = 0.84); I² = 0%
Test for overall effect: Z = 2.87 (P = 0.004)
Test for subgroup differences: Not applicable

log[RR]

-0.045549
-0.061875
-0.527867

0.55445
0.066634
0.035338

-0.049698
-0.233778
-0.059577
-0.12519

-0.097328
0

0.241836
-0.021506
0.041535

-0.128958
-0.146229

SE

0.114184
0.050667
0.600919
0.527037
0.162856

0.1417
0.087399
0.129946
0.119933
0.078346
0.252141
0.266667
0.335579
0.107735
0.076431
0.058565
0.087483

Weight

4.5%
22.9%
0.2%
0.2%
2.2%
2.9%
7.7%
3.5%
4.1%
9.6%
0.9%
0.8%
0.5%
5.1%

10.1%
17.1%
7.7%

100.0%

Risk Ratio
IV, Random, 95% CI

0.96 [0.76 , 1.20]
0.94 [0.85 , 1.04]
0.59 [0.18 , 1.92]
1.74 [0.62 , 4.89]
1.07 [0.78 , 1.47]
1.04 [0.78 , 1.37]
0.95 [0.80 , 1.13]
0.79 [0.61 , 1.02]
0.94 [0.74 , 1.19]
0.88 [0.76 , 1.03]
0.91 [0.55 , 1.49]
1.00 [0.59 , 1.69]
1.27 [0.66 , 2.46]
0.98 [0.79 , 1.21]
1.04 [0.90 , 1.21]
0.88 [0.78 , 0.99]
0.86 [0.73 , 1.03]

0.93 [0.89 , 0.98]

Risk Ratio
IV, Random, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 4.3.   Comparison 4: Sensitivity analysis - Trials comparing medication reviews with standard
care, Outcome 3: Hospital emergency department contacts (all-cause) - alternative ITT analysis

Study or Subgroup

Bonetti 2018
Curtin 2020
Farris 2014
Gillespie 2009
Gustafsson 2017
Lisby 2010
Lisby 2015
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 5.79, df = 7 (P = 0.56); I² = 0%
Test for overall effect: Z = 0.96 (P = 0.34)
Test for subgroup differences: Not applicable

Medication review
Events

3
3

81
36

138
4

15
34

314

Total

62
61

629
186
212
50
53

974

2227

Control
Events

5
5

46
52

141
4

12
21

286

Total

64
59

316
187
217
50
54

493

1440

Weight

0.7%
0.7%

11.8%
9.5%

68.9%
0.8%
3.1%
4.7%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.62 [0.15 , 2.48]
0.58 [0.15 , 2.32]
0.88 [0.63 , 1.24]
0.70 [0.48 , 1.01]
1.00 [0.87 , 1.15]
1.00 [0.26 , 3.78]
1.27 [0.66 , 2.46]
0.82 [0.48 , 1.40]

0.94 [0.84 , 1.06]

Risk Ratio
M-H, Random, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 4.4.   Comparison 4: Sensitivity analysis - Trials comparing medication
reviews with standard care, Outcome 4: Mortality (all-cause) - fixed-e>ect

Study or Subgroup

Bladh 2011
Blum 2021
Bonetti 2018
Bonnerup 2014
Curtin 2020
Dalleur 2014
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Chi² = 16.59, df = 17 (P = 0.48); I² = 0%
Test for overall effect: Z = 0.93 (P = 0.35)
Test for subgroup differences: Not applicable

log[RR]

0.4722
-0.0834
-0.3697
0.1586

-0.4055
-0.0606
0.2172

-0.1166
-0.0437
-0.2877
0.2726

-0.3586
0.4498

0.037
0.0509
0.0391

-0.0133
-0.0889

SE

0.2687
0.1083
0.6172
0.3431
0.3288
0.4351
0.4436
0.2912
0.1323
0.3109
0.1694
0.1402
0.5335
0.7935
0.2166

0.188
0.1655
0.1509

Weight

3.2%
19.8%

0.6%
2.0%
2.2%
1.2%
1.2%
2.7%

13.3%
2.4%
8.1%

11.8%
0.8%
0.4%
5.0%
6.6%
8.5%

10.2%

100.0%

Risk Ratio
IV, Fixed, 95% CI

1.60 [0.95 , 2.72]
0.92 [0.74 , 1.14]
0.69 [0.21 , 2.32]
1.17 [0.60 , 2.30]
0.67 [0.35 , 1.27]
0.94 [0.40 , 2.21]
1.24 [0.52 , 2.96]
0.89 [0.50 , 1.57]
0.96 [0.74 , 1.24]
0.75 [0.41 , 1.38]
1.31 [0.94 , 1.83]
0.70 [0.53 , 0.92]
1.57 [0.55 , 4.46]
1.04 [0.22 , 4.91]
1.05 [0.69 , 1.61]
1.04 [0.72 , 1.50]
0.99 [0.71 , 1.36]
0.91 [0.68 , 1.23]

0.96 [0.87 , 1.05]

Risk Ratio
IV, Fixed, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 4.5.   Comparison 4: Sensitivity analysis - Trials comparing medication
reviews with standard care, Outcome 5: Hospital readmissions (all-cause) - fixed-e>ect

Study or Subgroup

Bladh 2011
Blum 2021
Bonetti 2018
Curtin 2020
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Lea 2020
Lenssen 2018
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Chi² = 11.84, df = 16 (P = 0.76); I² = 0%
Test for overall effect: Z = 2.91 (P = 0.004)
Test for subgroup differences: Not applicable

log[RR]

0.0167
-0.0698
-0.5211
0.5878
0.0808
0.0346

-0.0333
-0.2338
-0.0642
-0.1149
-0.1312
-0.0202
0.2418

-0.0602
0.0356
-0.111

-0.1901

SE

0.1087
0.05

0.5953
0.5265
0.1617
0.1392
0.0866
0.1299
0.1198
0.078

0.2499
0.2659
0.3356
0.0927
0.0738
0.0581
0.0846

Weight

4.7%
22.4%

0.2%
0.2%
2.1%
2.9%
7.5%
3.3%
3.9%
9.2%
0.9%
0.8%
0.5%
6.5%

10.3%
16.6%

7.8%

100.0%

Risk Ratio
IV, Fixed, 95% CI

1.02 [0.82 , 1.26]
0.93 [0.85 , 1.03]
0.59 [0.18 , 1.91]
1.80 [0.64 , 5.05]
1.08 [0.79 , 1.49]
1.04 [0.79 , 1.36]
0.97 [0.82 , 1.15]
0.79 [0.61 , 1.02]
0.94 [0.74 , 1.19]
0.89 [0.77 , 1.04]
0.88 [0.54 , 1.43]
0.98 [0.58 , 1.65]
1.27 [0.66 , 2.46]
0.94 [0.79 , 1.13]
1.04 [0.90 , 1.20]
0.89 [0.80 , 1.00]
0.83 [0.70 , 0.98]

0.93 [0.89 , 0.98]

Risk Ratio
IV, Fixed, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Cochrane Database of Systematic Reviews

Analysis 4.6.   Comparison 4: Sensitivity analysis - Trials comparing medication reviews with
standard care, Outcome 6: Hospital emergency department contacts (all-cause) - fixed-e>ect

Study or Subgroup

Bonetti 2018
Curtin 2020
Farris 2014
Gillespie 2009
Gustafsson 2017
Lisby 2010
Lisby 2015
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Chi² = 10.09, df = 7 (P = 0.18); I² = 31%
Test for overall effect: Z = 2.19 (P = 0.03)
Test for subgroup differences: Not applicable

Medication review
Events

3
3

81
36

138
4
5

34

304

Total

51
59

575
182
212
50
53

947

2129

Control
Events

5
5

46
52

141
4

16
21

290

Total

53
59

293
186
216
49
54

488

1398

Weight

1.6%
1.6%

19.7%
16.6%
45.1%
1.3%
5.1%
9.0%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

0.62 [0.16 , 2.48]
0.60 [0.15 , 2.40]
0.90 [0.64 , 1.25]
0.71 [0.49 , 1.03]
1.00 [0.87 , 1.15]
0.98 [0.26 , 3.70]
0.32 [0.13 , 0.81]
0.83 [0.49 , 1.42]

0.87 [0.76 , 0.98]

Risk Ratio
M-H, Fixed, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Analysis 4.7.   Comparison 4: Sensitivity analysis - Trials comparing medication reviews with standard
care, Outcome 7: Mortality (all-cause) - including adjusted data from cluster-randomised cross-over trials

Study or Subgroup

Bladh 2011
Blum 2021
Bonetti 2018
Bonnerup 2014
Curtin 2020
Dalleur 2014
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Kempen 2021
Lea 2020
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 16.75, df = 18 (P = 0.54); I² = 0%
Test for overall effect: Z = 0.85 (P = 0.39)
Test for subgroup differences: Not applicable

log[RR]

0.4722
-0.0834
-0.3697
0.1586

-0.4055
-0.0606
0.2172

-0.1166
-0.0437
-0.2877
0.2726

-0.0101
-0.3586
0.4498
0.037

0.0509
0.0391

-0.0133
-0.0889

SE

0.2687
0.1083
0.6172
0.3431
0.3288
0.4351
0.4436
0.2912
0.1323
0.3109
0.1694
0.0718
0.1402
0.5335
0.7935
0.2166
0.188

0.1655
0.1509

Weight

2.2%
13.7%
0.4%
1.4%
1.5%
0.8%
0.8%
1.9%
9.2%
1.7%
5.6%

31.1%
8.2%
0.6%
0.3%
3.4%
4.5%
5.9%
7.0%

100.0%

Risk Ratio
IV, Random, 95% CI

1.60 [0.95 , 2.72]
0.92 [0.74 , 1.14]
0.69 [0.21 , 2.32]
1.17 [0.60 , 2.30]
0.67 [0.35 , 1.27]
0.94 [0.40 , 2.21]
1.24 [0.52 , 2.96]
0.89 [0.50 , 1.57]
0.96 [0.74 , 1.24]
0.75 [0.41 , 1.38]
1.31 [0.94 , 1.83]
0.99 [0.86 , 1.14]
0.70 [0.53 , 0.92]
1.57 [0.55 , 4.46]
1.04 [0.22 , 4.91]
1.05 [0.69 , 1.61]
1.04 [0.72 , 1.50]
0.99 [0.71 , 1.36]
0.91 [0.68 , 1.23]

0.97 [0.89 , 1.05]

Risk Ratio
IV, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Cochrane Database of Systematic Reviews

Analysis 4.8.   Comparison 4: Sensitivity analysis - Trials comparing medication reviews with standard care,
Outcome 8: Hospital readmissions (all-cause) - including adjusted data from cluster-randomised cross-over trials

Study or Subgroup

Bladh 2011 (1)
Blum 2021
Bonetti 2018
Curtin 2020
Farris 2014
Gallagher 2011
Gillespie 2009
Graabaek 2019
Gustafsson 2017
Kempen 2021
Lea 2020
Lenssen 2018
Lisby 2010
Lisby 2015
Nielsen 2017
O'Mahony 2020
Ravn-Nielsen 2018
Scullin 2007

Total (95% CI)
Heterogeneity: Tau² = 0.00; Chi² = 11.84, df = 17 (P = 0.81); I² = 0%
Test for overall effect: Z = 3.39 (P = 0.0007)
Test for subgroup differences: Not applicable

log[RR]

0.0167
-0.0698
-0.5211
0.5878
0.0808
0.0346

-0.0333
-0.2338
-0.0642
-0.0704
-0.1149
-0.1312
-0.0202
0.2418

-0.0602
0.0356
-0.111

-0.1901

SE

0.1087
0.05

0.5953
0.5265
0.1617
0.1392
0.0866
0.1299
0.1198
0.0404
0.078

0.2499
0.2659
0.3356
0.0927
0.0738
0.0581
0.0846

Weight

3.5%
16.7%
0.1%
0.2%
1.6%
2.2%
5.6%
2.5%
2.9%

25.6%
6.9%
0.7%
0.6%
0.4%
4.9%
7.7%

12.4%
5.8%

100.0%

Risk Ratio
IV, Random, 95% CI

1.02 [0.82 , 1.26]
0.93 [0.85 , 1.03]
0.59 [0.18 , 1.91]
1.80 [0.64 , 5.05]
1.08 [0.79 , 1.49]
1.04 [0.79 , 1.36]
0.97 [0.82 , 1.15]
0.79 [0.61 , 1.02]
0.94 [0.74 , 1.19]
0.93 [0.86 , 1.01]
0.89 [0.77 , 1.04]
0.88 [0.54 , 1.43]
0.98 [0.58 , 1.65]
1.27 [0.66 , 2.46]
0.94 [0.79 , 1.13]
1.04 [0.90 , 1.20]
0.89 [0.80 , 1.00]
0.83 [0.70 , 0.98]

0.93 [0.90 , 0.97]

Risk Ratio
IV, Random, 95% CI
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Footnotes
(1) Analyses are based on raw data from the following trials: Blume 2021, Kempen 2021, Lenssen 2018, Lisby 2010, Lisby 2015, O´Mahony 2020, Ravn-Nielsen 2018

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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Cochrane Database of Systematic Reviews

Analysis 4.9.   Comparison 4: Sensitivity analysis - Trials comparing medication
reviews with standard care, Outcome 9: Hospital emergency department contacts

(all-cause) - including adjusted data from cluster-randomised cross-over trials

Study or Subgroup

Bonetti 2018 (1)
Curtin 2020
Farris 2014
Gillespie 2009
Gustafsson 2017
Kempen 2021
Lisby 2010
Lisby 2015
Ravn-Nielsen 2018

Total (95% CI)
Heterogeneity: Tau² = 0.03; Chi² = 12.47, df = 8 (P = 0.13); I² = 36%
Test for overall effect: Z = 1.38 (P = 0.17)
Test for subgroup differences: Not applicable

log[RR]

-0.5108
-0.5472
-0.1273
-0.4535
-0.0081
0.0529
-0.022

-1.3968
-0.1886

SE

0.7583
0.7548
0.2004
0.2476
0.2029
0.0531
0.7375
0.5565
0.2833

Weight

1.9%
1.9%

16.4%
12.6%
16.1%
35.4%
2.0%
3.4%

10.4%

100.0%

Risk Ratio
IV, Random, 95% CI

0.60 [0.14 , 2.65]
0.58 [0.13 , 2.54]
0.88 [0.59 , 1.30]
0.64 [0.39 , 1.03]
0.99 [0.67 , 1.48]
1.05 [0.95 , 1.17]
0.98 [0.23 , 4.15]
0.25 [0.08 , 0.74]
0.83 [0.48 , 1.44]

0.86 [0.70 , 1.06]

Risk Ratio
IV, Random, 95% CI
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Footnotes
(1) Analyses are based on raw data from the following trials: Kempen 2021, Lisby 2010, Lisby 2015, Ravn-Nielsen 2018.

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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Comparison 5.   Trials comparing extended medication reviews with basic medication reviews

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

5.1 Mortality (all-cause) 4 2087 Risk Ratio (M-H, Random,
95% CI)

1.27 [0.95, 1.71]

5.2 Hospital readmissions (all-cause) 3 1918 Risk Ratio (M-H, Random,
95% CI)

0.99 [0.78, 1.26]

5.3 Hospital emergency department
contacts (all-cause)

2 1522 Risk Ratio (M-H, Random,
95% CI)

1.00 [0.71, 1.41]
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Cochrane Database of Systematic Reviews

Analysis 5.1.   Comparison 5: Trials comparing extended medication
reviews with basic medication reviews, Outcome 1: Mortality (all-cause)

Study or Subgroup

Farris 2014
Graabaek 2019
Juanes 2018
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.83, df = 3 (P = 0.42); I² = 0%
Test for overall effect: Z = 1.59 (P = 0.11)
Test for subgroup differences: Not applicable

Extended medication review
Events

12
13
11
54

90

Total

299
200

59
476

1034

Basic medication review
Events

5
11
13
42

71

Total

301
200

59
493

1053

Weight

8.3%
14.5%
17.1%
60.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.42 [0.86 , 6.77]
1.18 [0.54 , 2.57]
0.85 [0.41 , 1.73]
1.33 [0.91 , 1.95]

1.27 [0.95 , 1.71]

Risk Ratio
M-H, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Analysis 5.2.   Comparison 5: Trials comparing extended medication reviews
with basic medication reviews, Outcome 2: Hospital readmissions (all-cause)

Study or Subgroup

Farris 2014
Graabaek 2019
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.03; Chi² = 4.72, df = 2 (P = 0.09); I² = 58%
Test for overall effect: Z = 0.09 (P = 0.93)
Test for subgroup differences: Not applicable

Favours extended medication review
Events

49
59

189

297

Total

282
199
461

942

Basic review
Events

51
46

233

330

Total

295
195
486

976

Weight

25.2%
27.3%
47.5%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.01 [0.70 , 1.44]
1.26 [0.90 , 1.75]
0.86 [0.74 , 0.99]

0.99 [0.78 , 1.26]

Risk Ratio
M-H, Random, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Cochrane Database of Systematic Reviews

Analysis 5.3.   Comparison 5: Trials comparing extended medication reviews with basic
medication reviews, Outcome 3: Hospital emergency department contacts (all-cause)

Study or Subgroup

Farris 2014
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.41, df = 1 (P = 0.52); I² = 0%
Test for overall effect: Z = 0.01 (P = 0.99)
Test for subgroup differences: Not applicable

Extended medication review
Events

41
15

56

Total

281
461

742

Basic medication review
Events

40
19

59

Total

294
486

780

Weight

73.1%
26.9%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.07 [0.72 , 1.61]
0.83 [0.43 , 1.62]

1.00 [0.71 , 1.41]

Risk Ratio
M-H, Random, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Comparison 6.   Sensitivity analysis - Trials comparing extended medication reviews with basic medication reviews

Outcome or subgroup title No. of studies No. of partici-
pants

Statistical method Effect size

6.1 Mortality (all-cause) - alternative ITT
analysis

4 2142 Risk Ratio (M-H, Random,
95% CI)

1.25 [0.93, 1.68]

6.2 Hospital readmissions (all-cause) - al-
ternative ITT analysis

3 1996 Risk Ratio (M-H, Random,
95% CI)

0.99 [0.74, 1.31]

6.3 Hospital emergency department con-
tacts (all-cause) - alternative ITT analysis

2 1602 Risk Ratio (M-H, Random,
95% CI)

0.96 [0.68, 1.36]

6.4 Mortality (all-cause) - fixed-effect 4 2087 Risk Ratio (M-H, Fixed,
95% CI)

1.30 [0.96, 1.74]

6.5 Hospital readmissions (all-cause) -
fixed-effect

3 1918 Risk Ratio (M-H, Fixed,
95% CI)

0.94 [0.83, 1.06]

6.6 Hospital emergency department con-
tacts (all-cause) - fixed-effect

2 1522 Risk Ratio (M-H, Fixed,
95% CI)

1.00 [0.70, 1.41]
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Analysis 6.1.   Comparison 6: Sensitivity analysis - Trials comparing extended medication reviews
with basic medication reviews, Outcome 1: Mortality (all-cause) - alternative ITT analysis

Study or Subgroup

Farris 2014
Graabaek 2019
Juanes 2018
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 2.75, df = 3 (P = 0.43); I² = 0%
Test for overall effect: Z = 1.45 (P = 0.15)
Test for subgroup differences: Not applicable

Extended medication review
Events

12
13
11
54

90

Total

314
200

59
497

1070

Basic medication review
Events

5
11
13
42

71

Total

315
200

59
498

1072

Weight

8.3%
14.6%
17.2%
60.0%

100.0%

Risk Ratio
M-H, Random, 95% CI

2.41 [0.86 , 6.75]
1.18 [0.54 , 2.57]
0.85 [0.41 , 1.73]
1.29 [0.88 , 1.89]

1.25 [0.93 , 1.68]

Risk Ratio
M-H, Random, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Analysis 6.2.   Comparison 6: Sensitivity analysis - Trials comparing extended medication reviews with
basic medication reviews, Outcome 2: Hospital readmissions (all-cause) - alternative ITT analysis

Study or Subgroup

Farris 2014
Graabaek 2019
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.04; Chi² = 6.47, df = 2 (P = 0.04); I² = 69%
Test for overall effect: Z = 0.09 (P = 0.92)
Test for subgroup differences: Not applicable

Extended medication review
Events

49
59

189

297

Total

314
195
482

991

Basic medication review
Events

51
46

233

330

Total

315
199
491

1005

Weight

27.4%
29.3%
43.3%

100.0%

Risk Ratio
M-H, Random, 95% CI

0.96 [0.67 , 1.38]
1.31 [0.94 , 1.82]
0.83 [0.71 , 0.96]

0.99 [0.74 , 1.31]

Risk Ratio
M-H, Random, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Cochrane Database of Systematic Reviews

Analysis 6.3.   Comparison 6: Sensitivity analysis - Trials comparing extended medication reviews with basic
medication reviews, Outcome 3: Hospital emergency department contacts (all-cause) - alternative ITT analysis

Study or Subgroup

Farris 2014
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Tau² = 0.00; Chi² = 0.38, df = 1 (P = 0.54); I² = 0%
Test for overall effect: Z = 0.22 (P = 0.83)
Test for subgroup differences: Not applicable

Extended medication review
Events

41
15

56

Total

314
482

796

Basic medication review
Events

40
19

59

Total

315
491

806

Weight

72.8%
27.2%

100.0%

Risk Ratio
M-H, Random, 95% CI

1.03 [0.68 , 1.54]
0.80 [0.41 , 1.56]

0.96 [0.68 , 1.36]

Risk Ratio
M-H, Random, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Analysis 6.4.   Comparison 6: Sensitivity analysis - Trials comparing extended medication
reviews with basic medication reviews, Outcome 4: Mortality (all-cause) - fixed-e>ect

Study or Subgroup

Farris 2014
Graabaek 2019
Juanes 2018
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Chi² = 2.83, df = 3 (P = 0.42); I² = 0%
Test for overall effect: Z = 1.72 (P = 0.09)
Test for subgroup differences: Not applicable

Extended medication review
Events

12
13
11
54

90

Total

299
200
59

476

1034

Basic medication review
Events

5
11
13
42

71

Total

301
200
59

493

1053

Weight

7.1%
15.7%
18.5%
58.7%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

2.42 [0.86 , 6.77]
1.18 [0.54 , 2.57]
0.85 [0.41 , 1.73]
1.33 [0.91 , 1.95]

1.30 [0.96 , 1.74]

Risk Ratio
M-H, Fixed, 95% CI
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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): Mortality (all-cause)
(E) Incomplete outcome data (attrition bias): Mortality (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Cochrane Database of Systematic Reviews

Analysis 6.5.   Comparison 6: Sensitivity analysis - Trials comparing extended medication reviews
with basic medication reviews, Outcome 5: Hospital readmissions (all-cause) - fixed-e>ect

Study or Subgroup

Farris 2014
Graabaek 2019
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Chi² = 4.72, df = 2 (P = 0.09); I² = 58%
Test for overall effect: Z = 1.04 (P = 0.30)
Test for subgroup differences: Not applicable

Extended medication review
Events

49
59

189

297

Total

282
199
461

942

Basic medication review
Events

51
46

233

330

Total

295
195
486

976

Weight

15.4%
14.4%
70.2%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.01 [0.70 , 1.44]
1.26 [0.90 , 1.75]
0.86 [0.74 , 0.99]

0.94 [0.83 , 1.06]

Risk Ratio
M-H, Fixed, 95% CI
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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): Hospital readmissions (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital readmissions (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias

 
 

Analysis 6.6.   Comparison 6: Sensitivity analysis - Trials comparing extended medication reviews with
basic medication reviews, Outcome 6: Hospital emergency department contacts (all-cause) - fixed-e>ect

Study or Subgroup

Farris 2014
Ravn-Nielsen 2018

Total (95% CI)
Total events:
Heterogeneity: Chi² = 0.41, df = 1 (P = 0.52); I² = 0%
Test for overall effect: Z = 0.03 (P = 0.98)
Test for subgroup differences: Not applicable

Comprehensive reviews
Events

41
15

56

Total

281
461

742

Basic reviews
Events

40
19

59

Total

294
486

780

Weight

67.9%
32.1%

100.0%

Risk Ratio
M-H, Fixed, 95% CI

1.07 [0.72 , 1.61]
0.83 [0.43 , 1.62]

1.00 [0.70 , 1.41]

Risk Ratio
M-H, Fixed, 95% CI
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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): Hospital emergency department contacts (all-cause)
(E) Incomplete outcome data (attrition bias): Hospital emergency department contacts (all-cause)
(F) Selective reporting (reporting bias)
(G) Contamination bias
(H) Other bias
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Appendix 1. Search strategies

MEDLINE

Ovid MEDLINE <update 17 January 2022>

1 (medication adj2 (review? or reconcil* or counsel*)).ti,ab,kf.

2 ((inappropriate or appropriate or improve* or optim* or quality) adj5 (pharmacotherapy or medication* or medicine* or prescri*)).ti,ab,kf.

3 (deprescrib* or deprescript* or de-prescrib* or de-prescript*).ti,ab,kf.

4 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab,kf.

5 integrated medicine? management.ti,ab,kf.
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6 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab,kf.

7 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab,kf.

8 (stopp criter* or stopp list?).ti,ab,kf.

9 inappropriate prescribing/

10 potentially inappropriate medication list/

11 medication reconciliation/

12 pharmacy service, hospital/og

13 hospital*.ti,ab,kf,hw.

14 or/1-11

15 13 and 14

16 12 or 15

17 exp randomized controlled trial/

18 controlled clinical trial.pt.

19 randomi#ed.ti,ab.

20 placebo.ab.

21 randomly.ti,ab.

22 Clinical Trials as topic.sh.

23 trial.ti.

24 or/17-23

25 exp animals/ not humans/

26 24 not 25

27 16 and 26

28 (2014* or 2015* or 2016* or 2017* or 2018* or 2019*).dt,dp,ed,ep,yr.

29 27 and 28

EMBASE

Ovid EMBASE <update 17 January 2022>

1 (medication adj2 (review? or reconcil* or counsel*)).ti,ab,kw.

2 ((inappropriate or appropriate or improve* or optim* or quality) adj5 (pharmacotherapy or medication* or medicine* or
prescri*)).ti,ab,kw.

3 (deprescrib* or deprescript* or de-prescrib* or de-prescript*).ti,ab,kw.

4 ((beer* or shan? or mcleod?) adj3 criter*).ti,ab,kw.

5 integrated medicine? management.ti,ab,kw.

6 ("fit for the aged" adj3 (criter* or list? or instrument or classif*)).ti,ab,kw.

7 ((forta or rasp or priscus) adj3 (criter* or list? or instrument)).ti,ab,kw.

8 (stopp criter* or stopp list?).ti,ab,kw.
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9 inappropriate prescribing/

10 potentially inappropriate medication/

11 medication therapy management/

12 hospital*.ti,ab,kw,hw.

13 or/1-11

14 12 and 13

15 hospital pharmacy/

16 "organization and management"/

17 15 and 16

18 14 or 17

19 random*.ti,ab.

20 factorial*.ti,ab.

21 (crossover* or cross over*).ti,ab.

22 ((doubl* or singl*) adj blind*).ti,ab.

23 (assign* or allocat* or volunteer* or placebo*).ti,ab.

24 crossover procedure/

25 single blind procedure/

26 randomized controlled trial/

27 double blind procedure/

28 or/19-27

29 exp animal/ not human/

30 28 not 29

31 18 and 30

32 limit 31 to embase

33 (2014* or 2015* or 2016* or 2017* or 2018* or 2019*).yr.

34 32 and 33

The Cochrane Library

The Cochrane Library <update 17 January 2022>, Wiley

#1 (medication near/2 (review? or reconcil* or counsel*)):ti,ab

#2 ((inappropriate or appropriate or improve* or optim* or quality) near/5 (pharmacotherapy or medication* or medicine* or prescri*)):ti,ab

#3 (deprescrib* or deprescript* or de-prescrib* or de-prescript*):ti,ab

#4 ((beer* or shan? or mcleod?) near/3 criter*):ti,ab

#5 (integrated next medicine? next management):ti,ab

#6 ("fit for the aged" near/3 (criter* or list? or instrument or classif*)):ti,ab

#7 ((forta or rasp or priscus) near/3 (criter* or list? or instrument)):ti,ab
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#8 ((stopp next criter*) or (stopp next list?)):ti,ab

#9 [mh "inappropriate prescribing"]

#10 [mh "potentially inappropriate medication list"]

#11 [mh "medication reconciliation"]

#12 [mh "pharmacy service, hospital"/OG]

#13 hospital*:ti,ab,kw

#14 {or #1-#11}

#15 #13 and #14

#16 #12 or #15

(with Cochrane Library publication date Between Jan 2014 and Dec 2019)

CINAHL

EbscoHost CINAHL <update 17 January 2022>

S1 TI (medication N2 (review? or reconcil* or counsel*)) OR AB (medication N2 (review? or reconcil* or counsel*))

S2 TI ((inappropriate or appropriate or improve* or optim* or quality) N5 (pharmacotherapy or medication* or medicine* or prescri*)) OR
AB ((inappropriate or appropriate or improve* or optim* or quality) N5 (pharmacotherapy or medication* or medicine* or prescri*))

S3 TI (deprescrib* or deprescript* or de-prescrib* or de-prescript*) OR AB (deprescrib* or deprescript* or de-prescrib* or de-prescript*)

S4 TI ((beer* or shan? or mcleod?) N3 criter*) OR AB ((beer* or shan? or mcleod?) N3 criter*)

S5 TI (integrated medicine? management) OR AB (integrated medicine? management)

S6 TI ("fit for the aged" N3 (criter* or list? or instrument or classif*)) OR AB ("fit for the aged" N3 (criter* or list? or instrument or classif*))

S7 TI ((forta or rasp or priscus) N3 (criter* or list? or instrument)) OR AB ((forta or rasp or priscus) N3 (criter* or list? or instrument))

S8 TI (stopp criter* or stopp list?) OR AB (stopp criter* or stopp list?)

S9 (MH "Inappropriate Prescribing")

S10 (MH "Medication Reconciliation")

S11 (MH "Medication Management")

S12 (MH "Pharmacy Service")

S13 S1 OR S2 OR S3 OR S4 OR S5 OR S6 OR S7 OR S8 OR S9 OR S10 OR S11 OR S12

S14 TI hospital* OR AB hospital* OR MW hospital*

S15 S13 AND S14

S16 MH randomized controlled trials

S17 MH double-blind studies

S18 MH single-blind studies

S19 MH random assignment

S20 MH pretest-posttest design

S21 MH cluster sample

S22 TI (randomised OR randomized)
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S23 AB (random*)

S24 TI (trial)

S25 MH (sample size) AND AB (assigned OR allocated OR control)

S26 MH (placebos)

S27 PT (randomized controlled trial)

S28 AB (control W5 group)

S29 MH (crossover design) OR MH (comparative studies)

S30 AB (cluster W3 RCT)

S31 MH animals+

S32 MH (animal studies)

S33 TI (animal model*)

S34 S31 OR S32 OR S33

S35 MH (human)

S36 S34 NOT S35

S37 S16 OR S17 OR S18 OR S19 OR S20 OR S21 OR S22 OR S23 OR S24 OR S25 OR S26 OR S27 OR S28 OR S29 OR S30

S38 S37 NOT S36

S39 S15 AND S38

S40 S39 Limiters - Published Date: 20140101-20191231; Exclude MEDLINE records

WHO International Clinical Trials Registry Platform (ICTRP)

ICTRP <update 17 January 2022>

medication reconciliation OR medication review

ClinicalTrials.gov

ClinicalTrials.gov <update 17 January 2022>

Intervention/treatment: medication reconciliation OR medication review

Other terms: hospital OR hospitalization

Interventional Studies

Search strategies from previous version of the review

MEDLINE

Ovid MEDLINE <update 18 November 2014>
1 Pharmacy service, hospital/ [ML]
2 ((PHARMACEUTICAL CARE or PHARMACY or PHARMACIES or PHARMACIST? or PRESCRIBING) and (inpatient? or
hospital$ or WARD? or UNIT or UNITS)).ti.
3 ((PHARMACEUTICAL CARE or PHARMACY or PHARMACIES or PHARMACIST? or PRESCRIBING) adj2 (inpatient? or
hospital$ or WARD? or UNIT or UNITS)).ab.
4 Medication Systems, Hospital/ [ML]
5 ((medication? or prescribing or prescription? or dispensing) adj2 system?).ti,ab. and (hospital$ orWARD orWARDS or (CARE adj2
UNIT?) or INPATIENT?).ti,hw.
6 (stopp or beer’s criteria).ti,ab. [Term added Aug 2011]
7 or/1-6 [Hosp Pharm/Med Systems]
8 exp Hospitals/ or exp Hospital Units/ [ML]
9 (hospital$ or WARD or WARDS).ti.
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10 Hospitalization/ [ML]
11 hospital$.ab.
Medication review in hospitalised patients to reduce morbidity and mortality (Review) 70
Copyright © 2016 The Cochrane Collaboration. Published by JohnWiley & Sons, Ltd.
12 “length of stay”/ or Patient admission/ or Patient discharge/ or Patient readmission/ or Patient transfer/ [ML]
13 ((patient? or hospital$).ti,hw. and (discharg$ or admission? or admitting or readmission? or readmit$ or transfer?).ti.) or “length of
stay”.ti.
14 (((patient? or hospital?) adj2 (discharg$ or admission? or admitting or readmission? or transfer?)) or “length of stay”).ab.
15 Inpatients/ [ML]
16 (inpatient? or in-patient?).ti.
17 exp HOSPITAL DEPARTMENTS/ or HOSPITAL SHARED SERVICES/ [ML]
18 MEDICAL STAFF, HOSPITAL/ or HOSPITALISTS/ [ML]
19 or/8-18 [Hospitals/Hospitalization/Inpatients]
20 (pharmacy or pharmacies or pharmacist? or prescription? or prescribing).ti.
21 (pharmacist-led or pharma$ initiated or ((driven or lead or led) adj2 pharmacist?)).ab.
22 (PRESCRIBING adj2 PATTERN?).ab.
23 (“physician-pharmacist?” or “doctor-pharmacist?”).ti,ab.
24 ((IMPROV$ or OPTIMI?ING or OPTIMI?E? or OPTIMAL$) and (DOSING or DOSAGE or PHARMAC$ or PRESCRIB$
or PRESCRIPT$)).ti. or ((IMPROV$ or OPTIMI?ING or OPTIMI?E? or OPTIMAL$) adj2 (PHARMACEUTICAL CARE or
PHARMACY or PRESCRIB$ or PRESCRIPT$)).ab.
25 ((pharmaceutical adj (care or consult$)) or (pharmacist? adj2 (care or consult$ or intervention? or managed))).ab.
26 (((prescription? or prescribing or medication?) adj4 review$) or (pharmacist? adj2 review$)).ti,ab.
27 ((drug therapy or drug regime? or medication? or medicineS or pharmacy or pharmacist? or pharmaceutical or PRESCRIB$ or
prescription?) adj2 (audit$ or monitor$ or RECONCIL$ or review?)).ti,ab.
28 ((medication? or prescrib$ or pharmac$) adj2 (manage? or management or service? or system?)).ti,ab.
29 ((“drug therapy” or dosage? or dose? or medication? or PRESCRIPTION? or PRESCRIB$ or PHARMACIST? or PHARMACEUTICAL
CARE) adj2 (managing or management or monitor$)).ti,ab.
30 (drug? review? or drug? assess$ or drug? audit? or drug? reconcil$).ti,ab.
31 (“drug utili?ation” adj2 (review? or reconcil$ or audit?)).ab. or (“drug utili?ation” and (review? or reconcil$ or audit?)).ti.
32 Medication adherence/ [ML]
33 Pharmacists/ or Pharmacists’ Aides/ [ML]
34 Pharmaceutical Services/ or Drug Information Services/ [ML]
35 Clinical Pharmacy Information Systems/ [ML]
36 Prescriptions/ or Drug Prescriptions/ or Pharmaceutical Preparations/ or Drug Therapy/ or DrugDosage Calculations/ or Electronic
Prescribing/ or Medication Systems/ [ML]
37 Drug Monitoring/ or Medication Therapy Management/ [ML]
38 Drug Therapy/ or Drug Therapy, Computer-Assisted/ [ML]
39 POLYPHARMACY/ or POLYPHARM$.ti. [ML]
40 MEDICATION ERRORS/ [ML]
41 Drug utilization review/ [ML]
42 Drug Utilization/ [ML]
43 inappropriate prescribing/ [Term added Aug 2011]
44 ((Medication? or prescrib$ or prescription? or drug therap$) adj2 assessment?).ti,ab. [Term added Aug 2011]
45 (inappropriate$ adj2 (medicine? or medication? or prescrib$ or drug?)).ti,ab. [Term added Aug 2011]
46 or/20-45 [PHARMA/DRUG CONCEPTS --combine with hospital concepts]
47 (randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or randomly.
ab. or trial.ti.
48 exp animals/ not humans.sh.
49 47 not 48 [Cochrane RCT Filter 6.4.d Sens/Precision Maximizing]
50 7 and 49 [Hosp Pharma & RCT]
51 19 and 46 and 49 [Hospitals & Pharma/Drug sets & RCT]
52 50 or 51
53 limit 52 to yr=“1980 -Current”
54 (2012$ or 2013$ or 2014$).ed,ep,dp. [Entry date, E-pub date, Pub Date]
55 (198$ or 199$ or 2$).ep. [Electronic publication date 1980 to present]
56 (201108$ or 201109$ or 20111$).ed,dp. [August 2011-Dec2011]
57 52 and 54
58 (52 and 55) not 57
59 (52 and 56) not (or/57-58)
60 52 and 2011$.dp,ep,yr,ed. [2011 all date search]
61 60 not (or/57-59)
62 57 or 58 or 59 or 61 [Results to export Jan 7 2013 update search]
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63 remove duplicates from 62

EMBASE

Ovid EMBASE <update 18 November 2014>
1 *hospital pharmacy/ not outpatient?.ti. [EM]
2 hospital? pharmacy.ti.
3 ((pharmaceutical care or pharmacist? or prescribing) adj4 (inpatient? or hospital$ or ward? or ICU or intensive care or (emergency
adj2 (room? or department? or unit or units)))).ti.
4 ((pharmaceutical care or pharmacist? or prescribing) adj3 (inpatient? or hospital$ or ward? or ICU or intensive care or (emergency
adj2 (room? or department? or unit or units)))).ab.
5 ((medication? or prescribing or prescription? or dispensing) adj2 system?).ti,ab. and (hospital$ or ward or wards or (care adj2 unit?)
or inpatient?).ti,hw.
6 (medication? adj4 (review$ or audit$)).ti. and (hospital$ or ward or wards or (care adj2 unit?) or inpatient?).ti,hw.
7 (stopp or beer’s criteria).ti,ab. [Term added Aug 2011]
8 or/1-7 [Hosp Medication Rev or Hosp Pharm--combine with Filters]
9 ((medication? or medicine?) adj4 (review or audit)).ti.
10 ((medication? or medicine?) adj2 (review or audit)).ab.
11 (((prescription? or prescribing) adj4 review$) or (pharmacist? adj2 review$)).ti,ab.
12 ((drug formulary or drug therapy or drug regime? or medication? or medicines or pharmacy or pharmacist? or pharmaceutical or
prescrib$ or prescription?) adj3 (audit$ or monitor$ or reconcil$)).ti,ab.
13 (drug? review? or drug? assess$ or drug? audit? or drug? reconcil$).ti,ab.
14 (“drug utili?ation” adj2 (reconcil$ or audit?)).ab. or (“drug utili?ation” adj4 (reconcil$ or audit?)).ti. [line moved]
15 inappropriate prescribing/ [Term added Aug 2011]
16 ((Medication? or prescrib$ or prescription? or drug therap$) adj2 assessment?).ti,ab. [Term added Aug 2011]
17 (inappropriate$ adj2 (medicine? or medication? or prescrib$ or drug?)).ti,ab. [Term added Aug 2011]
18 or/9-17 [Medication Review/Audit]
19 exp *Hospital/ [EM]
20 exp *Ward/ [EM]
21 (hospital$ or WARD or WARDS).ti.
22 *Hospitalization/ [EM]
23 *Hospital care/ or *Intensive care/ [EM]
24 *“length of stay”/ or *hospital admission/ or *Hospital discharge/ or *Hospital readmission/ or *Patient transport/ [EM]
25 (((patient? or hospital$) and (discharg$ or admission? or admitting or readmission? or readmit$ or transfer?)) or “length of stay”).ti.
26 (((patient? or hospital?) adj2 (discharg$ or admission? or admitting or readmission? or transfer?)) or “length of stay”).ab.
27 *hospital patient/ [EM]
28 (inpatient? or in-patient?).ti.
29 *Hospital service/ [EM]
30 *Hospital personnel/ or *Hospital physician/ or *Medical staG/ or *Resident/ [EM]
31 or/19-30 [Hospitals/Hospitalization/Inpatients]
32 (pharmacy or pharmacies or pharmacist? or prescription? or prescribing).ti.
33 (pharmacist-led or pharma$ initiated or ((driven or lead or led) adj2 pharmacist?)).ab.
34 (prescribing adj2 pattern?).ab.
35 (“physician-pharmacist?” or “doctor-pharmacist?”).ti,ab.
36 ((improv$ or optimi?ing or optimi?e? or optimal$) and (dosing or dosage or pharmac$ or prescrib$ or prescript$)).ti. or ((improv$
or optimi?ing or optimi?e? or optimal$) adj2 (pharmaceutical care or pharmacy or prescrib$ or prescript$)).ab.
37 ((pharmaceutical adj (care or consult$)) or (pharmacist? adj2 (care or consult$ or intervention? or managed))).ab.
38 ((medication? or prescrib$ or pharmac$) adj2 (manage? or management or service? or system?)).ti,ab.
39 ((“drug therapy” or dosage? or dose? or medication? or PRESCRIPTION? or PRESCRIB$ or PHARMACIST? or PHARMACEUTICAL
CARE) adj2 (managing or management or monitor$)).ti,ab. (11654)
40 *Patient compliance/ and (medication? or pharmac$ or drug? or prescrib$ or prescription?).ti.
41 *Pharmacist/ or *Pharmacy technician/ [EM]
42 *Pharmaceutical care/ [EM]
43 *medical information system/ and (medication? or pharmac$ or drug? or prescrib$ or prescription?).ti,hw. [EM]
44 *Prescription/ [EM]
45 *Medication therapy management/ or *Recommended drug dose/ or *Optimal drug dose/ [EM]
46 *Polypharmacy/ or POLYPHARM$.ti. [EM]
47 *Medication error/ [EM]
48 *“drug use”/ [EM]
49 *Drug utilization/ [EM]
50 *DRUG FORMULARY/
51 or/32-50 [Pharmacy/Prescribing/Med Use]
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52 medical audit/
53 *medical audit/ or *monitoring/ [EM]
54 monitoring/
55 (audit? or monitoring or reconcil$).ti.
56 or/52,54-55 [Monitoring/Audit broad]
57 randomized controlled trial/ or controlled study/ or controlled clinical trial/ [EM]
58 pretest posttest control group design/
59 clinical study/ or major clinical study/ or clinical trial/
60 multicenter study/
61 random$.ti. or (randomi?ed or randomly).ab. or controlled.ti.
62 (clinical study/ or major clinical study/ or clinical trial/) and random$.ti.
63 crossover-procedure/ or double-blind procedure/ or single-blind procedure/ [EM]
64 or/57-63 [Trials Filter EM]
65 (animal model? or animal experiment? or animal study? or animal trial? or canine or feline or bovine or cow or cows or mice or dog?
or cat or cats or rabbit? or rat or rats or veterinar$).ti. or (animal or veterinary).hw. [EM]
66 (editorial or letter or note or “review” or trade or survey).pt. [EM]
67 systematic review/ or meta-analysis/ or (systematic adj3 review).ti. or (meta-analy$ or metaanaly$).ti. or (literature adj2 review).ti.
68 64 not (or/65-67) [EPOC RCT Filter EM]
69 18 and 31 [Drug Review/Audit & Hosp]
70 31 and 51 and 56 [Hosp & Pharma & Monitoring--Broad search]
71 (or/69-70) and 68 [RCT Results 2]
72 8 and 68 [Med Rev Hosp & RCT Results 1]
73 72 or 71 [RCT Results]
74 (20113$ or 20114$ or 20115$ or 2012$ or 2013$ or 2014$).em. [Entry week Aug 2011 to Nov 2014]
75 (“2011” or “2012” or “2013” or “2014”).yr.
76 73 and (74 or 75) [Results Nov 18, 2014]
77 remove duplicates from 76

The Cochrane Library

The Cochrane Library <update 18 November 2014>, Wiley
#1 (“PHARMACEUTICAL CARE” near/2 inpatient* or PHARMACY near/2 inpatient* or PHARMACIES near/2 inpatient* or
PHARMACIST* near/2 inpatient* or PRESCRIBING near/2 inpatient*):ab or (stopp or (Beer N2 criteria)):ti,ab
#2 (“PHARMACEUTICAL CARE” near/2 hospital*or PHARMACY near/2 hospital* or PHARMACIES near/2 hospital* or PHARMACIST*
near/2 hospital* or PRESCRIBING near/2 hospital*):ab
#3 (“PHARMACEUTICAL CARE” near/2WARD* or PHARMACY near/2WARD* or PHARMACIES near/2WARD* or PHARMACIST*
near/2 WARD* or PRESCRIBING near/2 WARD*):ab
#4 (“PHARMACEUTICAL CARE” near/2 UNIT or PHARMACY near/2 UNIT or PHARMACIES near/2 UNIT or PHARMACIST*
near/2 UNIT or PRESCRIBING near/2 UNIT):ab
#5 (“PHARMACEUTICAL CARE” near/2 UNITS or PHARMACY near/2 UNITS or PHARMACIES near/2 UNITS or PHARMACIST*
near/2 UNITS or PRESCRIBING near/2 UNITS):ab
#6 (medication* near/2 system* or prescribing near/2 system* or prescription* near/2 system* or dispensing near/2 system*):ti,kw and
(hospital* or WARD or WARDS or INPATIENT* or CARE near/2 UNIT*):ti,kw
#7 MeSH descriptor: [Pharmacy Service, Hospital] this term only
#8 MeSH descriptor: [Medication Systems, Hospital] this term only
#9 (#1 or #2 or #3 or #4 or #5 or #6 or #7 or #8)
#10 MeSH descriptor: [Hospitalization] explode all trees
#11 MeSH descriptor: [Inpatients] this term only
#12 MeSH descriptor: [Hospital Departments] explode all trees
#13 MeSH descriptor: [Hospital Shared Services] this term only
#14 MeSH descriptor: [Hospital Units] explode all trees
#15 MeSH descriptor: [Medical StaG, Hospital] explode all trees
#16 (hospital* or WARD or WARDS):ti
#17 hospital*:ab
#18 (patient* or hospital*):ti,kw and (discharge* or admission* or admitting or readmission* or readmit* or transfer*):ti or “length of
stay”:ti
#19 (Patient* near/2 discharg* or Patient* near/2 admission* or Patient* near/2 admitting or Patient* near/2 readmission* or Patient*
near/2 transfer*) or “length of stay”:ab
#20 (hospital* near/2 discharg* or hospital* near/2 admission* or hospital near/2 admitting or hospital near/2 readmission* or hospital
near/2 transfer*) or “length of stay”:ab
#21 (inpatient* or in-patient*):ti
#22 (#10 or #11 or #12 or #13 or #14 or #15 or #16 or #17 or #18 or #19 or #20 or #21)
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#23 (pharmacy or pharmacies or pharmacist* or prescription* or prescribing):ti
#24 (“pharmacist-led” or “pharma* initiated” or pharmacist* near/2 driven or pharmacist* near/2 lead or pharmacist* near/2 led):ab
#25 Prescribing near/2 Pattern*:ab
#26 (“physician-pharmacist*” or “doctor-pharmacist*”):ti,ab
#27 (IMPROV* or OPTIMI*ING or OPTIMI*E* or OPTIMAL*):ti and (DOSING or DOSAGE or PHARMAC* or PRESCRIB*
or PRESCRIPT*):ti
#28 (IMPROV* near/2 “PHARMACEUTICAL CARE” or OPTIMI*ING near/2 “PHARMACEUTICAL CARE” or OPTIMI*E*
near/2 “PHARMACEUTICAL CARE” or OPTIMAL* near/2 “PHARMACEUTICAL CARE”):ab
#29 (IMPROV* near/2 PHARMACY or OPTIMI*ING near/2 PHARMACY or OPTIMI*E* near/2 PHARMACY or OPTIMAL*
near/2 PHARMACY):ab
#30 (IMPROV* near/2 PRESCRIB* or OPTIMI*ING near/2 PRESCRIB* or OPTIMI*E* near/2 PRESCRIB* or OPTIMAL* near/
2 PRESCRIB*):ab
#31 (IMPROV* near/2 PRESCRIPT* or OPTIMI*ING near/2 PRESCRIPT* or OPTIMI*E* near/2 PRESCRIPT*or OPTIMAL*
near/2 PRESCRIPT*):ab
#32 “pharmaceutical care” or “pharmaceutical consult*” or (pharmacist* near/2 care or pharmacist* near/2 consult* or pharmacist*
near/2 intervention* or pharmacist* near/2 managed):ab
#33 (prescription* near/4 review* or prescribing near/4 review* or medication* near/4 review*OR pharmacist* near/2 review*):ti,ab
#34 (“drug therapy” near/2 audit* or “drug regime*” near/2 audit* ormedication* near/2 audit* ormedicine* near/2 audit* or pharmacy
near/2 audit* or pharmacist* near/2 audit* or pharmaceutical near/2 audit* or PRESCRIB* near/2 audit* or prescription* near/2
audit*):ti,ab
#35 (“drug therapy” near/2monitor* or “drug regime*” near/2monitor* ormedication* near/2monitor* ormedicine* near/2monitor*
or pharmacy near/2 monitor* or pharmacist* near/2 monitor* or pharmaceutical near/2 monitor* or PRESCRIB* near/2 monitor* or
prescription* near/2 monitor*):ti,ab
#36 (“drug therapy” near/2 RECONCIL* or “drug regime*” near/2 RECONCIL* or medication* near/2 RECONCIL* or medicine*
near/2 RECONCIL* or pharmacy near/2 RECONCIL* or pharmacist* near/2 RECONCIL* or pharmaceutical near/2 RECONCIL*
or PRESCRIB* near/2 RECONCIL* or prescription* near/2 RECONCIL*):ti,ab
#37 (“drug therapy” near/2 review* or “drug regime*” near/2 review* or medication* near/2 review* or medicine* near/2 review* or
pharmacy near/2 review* or pharmacist* near/2 review* or pharmaceutical near/2 review* or PRESCRIB* near/2 review* or prescription*
near/2 review*):ti,ab
#38 (medication* near/2 manage* or prescrib* near/2 manage* or phamac* near/2 manage*):ti,ab
#39 (medication* near/2 management or prescrib* near/2 management or pharmac* near/2 management):ti,ab
#40 (medication* near/2 service* or prescrib* near/2 service* or pharmac* near/2 service*):ti,ab
#41 (medication* near/2 system* or prescrib* near/2 system* or pharmac* near/2 system*):ti,ab
#42 (“drug therapy” near/2 managing or dosage* near/2 managing or dose* near/2 managing or medication* near/2 managing or
PRESCRIPTION*
near/2 managing or PRESCRIB* near/2 managing or PHARMACIST* near/2 managing or “PHARMACEUTICAL
CARE” near/2 managing):ti,ab
#43 (“drug therapy” near/2 management or dosage* near/2 management or dose* near/2 management or medication* near/2 management
or PRESCRIPTION* near/2 management or PRESCRIB* near/2 management or PHARMACIST* near/2 management or
“PHARMACEUTICAL CARE” near/2 management):ti,ab
#44 (“drug therapy” near/2 monitor* or dosage* near/2 monitor* or dose* near/2 monitor* or medication* near/2 monitor* or
PRESCRIPTION* near/2monitor* or PRESCRIB* near/2monitor* or PHARMACIST* near/2monitor* or “PHARMACEUTICAL
CARE” near/2 monitor*):ti,ab
#45 (“drug* review*” or “drug* assess*” or “drug* audit*” or “drug* reconcil*”):ti,ab
#46 (“drug utili*ation” near/2 review* or “drug utili*ation” near/2 reconcil* or “drug utili*ation” near/2 audit*):ab
#47 (review* or reconcil* or audit*):ti and “drug utili*ation”:ti
#48 MeSH descriptor: [Medication Adherence] this term only
#49 MeSH descriptor: [Pharmacists] this term only
#50 MeSH descriptor: [Pharmacists’ Aides] explode all trees
#51 MeSH descriptor: [Pharmaceutical Services] this term only
#52 MeSH descriptor: [Drug Information Services] this term only
#53 MeSH descriptor: [Clinical Pharmacy Information Systems] this term only
#54 MeSH descriptor: [Prescriptions] this term only
#55 MeSH descriptor: [Drug Prescriptions] this term only
#56 MeSH descriptor: [Drug Dosage Calculations] this term only
#57 MeSH descriptor: [Pharmaceutical Preparations] this term only
#58 MeSH descriptor: [Electronic Prescribing] this term only
#59 MeSH descriptor: [Medication Systems] this term only
#60 MeSH descriptor: [Drug Monitoring] this term only
#61 MeSH descriptor: [Medication Therapy Management] this term only
#62 MeSH descriptor: [Drug Therapy] this term only
#63 MeSH descriptor: [Drug Therapy, Computer-Assisted] this term only
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#64 MeSH descriptor: [Medication Errors] this term only
#65 MeSH descriptor: [Drug Utilization Review] this term only
#66 MeSH descriptor: [Drug Utilization] this term only
#67 MeSH descriptor: [Polypharmacy] this term only
#68 Polypharm*:ti
#69 Polypharmacy or polypharm*:ti
#70 MeSH descriptor: [Inappropriate Prescribing] this term only
#71 ((Medication or medications or prescrib* or prescription or prescriptions or drug therap*) near/2 assessment):ti,ab
#72 (inappropriate* near/2 (medicine or medicines or medication or medications or prescrib* or drug or drugs)):ti,ab
#73 (#23 or #24 or #25 or #26 or #27 or #28 or #29 or #30 or #31 or #32 or #33 or #34 or #35 or #36 or #37 or #38 or #39 or #40
or #41 or #42 or #43 or #44 or #45 or #46 or #47 or #48 or #49 or #50 or #51 or #52 or #53 or #54 or #55 or #56 or #57 or #58 or
#59 or #60 or #61 or #62 or #63 or #64 or #65 or #66 or #67 or #68 or #69 or #70 or #71 or #72)
#74 (#9 or (#22 and #73))
#75 (medication near/2 review) (Word variations have been searched)
#76 hospital* or inpatient*:ti,ab,kw
#77 #75 and #76 in Cochrane Reviews (Reviews and Protocols)

CINAHL

EbscoHost CINAHL <update 18 November 2014>
S1 (MH “Pharmacy Service”)
S2 TI ( pharmaceutical care or pharmacy or pharmacies or pharmacist* or prescribing )
S3 (MH “Medication Systems”) OR TI (medication* n2 system) or (prescribing n2 system) or (prescription* n2 system) or (dispensing
n2 system) OR TI (medication* n2 systems) or (prescribing n2 systems) or (prescription* n2 systems) or (dispensing n2 systems) OR
TI ((medication N2 assessment) or (prescrib* N2 assessment) or (prescription N2 assessment) or (drug therap* N2 assessment)) OR
AB ((medication N2 assessment) or (prescrib* N2 assessment) or (prescription N2 assessment) or (drug therap* N2 ass ...
S4 TI ( hospital* OR inpatient ward or wards or intensive care or ICU or emergency department* or unit ) OR MW ( hospital* OR
inpatient ward or wards or intensive care or ICU or emergency department* )
S5(MH“Adolescent,Hospitalized”)OR(MH“Aged,Hospitalized”)OR(MH“Child,Hospitalized”)OR(MH“Emergency Patients”)
OR (MH “Infant, Hospitalized”) OR (MH “Inpatients”)
S6 (MH “Hospitals+”) OR (MH “Hospital Units+”) OR TI ( inpatient* or hospital$ or WARD* or UNIT or UNITS )
S7 (MH “Hospitalization”) OR (MH “Length of Stay”) OR (MH “Patient Admission”) OR (MH “Patient Discharge”) OR (MH
“Discharge Planning+”)OR(MH“PatientDischarge Education”)OR (MH“Early PatientDischarge”)OR (MH“Transfer,Discharge”)
OR (MH “Patient Dumping”) OR (MH “Readmission”) OR (MH “Transfer, Intrahospital”) S7
S8 (MH “Medication Reconciliation”)
S9 TI ( (drug therapy N2 reconcil*) or (drug therapy N2 audit*) or (drug therapy N2 review*) ) or AB ( (drug therapy N2 reconcil*)
or (drug therapy N2 audit*) or (drug therapy N2 review*) ) OR TI ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or (medicine*
N2 review*) ) or AB ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or (medicine* N2 review*) )
S10 (MH “Nursing Audit”) OR (MH “Audit”)
S11 TI ( medication* or medicine* or drug therap* or prescrib* or prescript* or medication* ) or MW ( medication* or medicine* or
drug therap* or prescrib* or prescript* or medication* )
S12 S10 and S11
S13 S1 or S2 or S3
S14 S4 or S5 or S6 or S7
S15 S8 or S9 or S12
S16 S13 and S14
S17 S14 and S15
S18 TI ( (multicent* n2 design*) or (multicent* n2 study) or (multicent* n2 studies) or (multicent* n2 trial*) ) or AB ( (multicent* n2
design*) or (multicent* n2 study) or (multicent* n2 studies) or (multicent* n2 trial*) )
S19 (MM “Clinical Trials+”)
S20 TI ( “clinical study” or “clinical studies” ) or AB ( “clinical study” or “clinical studies” )
S21 TI random* or AB random*
S22 TI controlled or AB controlled
S23 TI ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or “control* N1 study” or “control* N1 studies” or
“control* N1 design*” or “control* N1 method*” ) or AB ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or
“control* N1 study” or “control* N1 studies” or “control* N1 design*” or “control* N1 method*” )
S24 S18 or S19 or S20 or S21 or S22 or S23
S25 TI ( (stopp or “beer’s criteria”) ) OR AB ( (stopp or “beer’s criteria”) )
S26 S16 or S17 or S25
S27 S24 and S26
S28 TI medication review*
S29 S27 or S28
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S30 (MH “Pharmacy Service”)
S31 TI ( pharmaceutical care or pharmacy or pharmacies or pharmacist* or prescribing )
S32 (MH“Medication Systems”)OR TI (medication* n2 system) or (prescribing n2 system) or (prescription* n2 system) or (dispensing
n2 system) OR TI (medication* n2 systems) or (prescribing n2 systems) or (prescription* n2 systems) or (dispensing n2 systems) OR
TI ((medication N2 assessment) or (prescrib* N2 assessment) or (prescription N2 assessment) or (drug therap* N2 assessment)) OR
AB ((medication N2 assessment) or (prescrib* N2 assessment) or (prescription N2 assessment) or (drug therap* N2 ass ...
S33 TI ( hospital* OR inpatient ward or wards or intensive care or ICU or emergency department* or unit ) OR MW ( hospital* OR
inpatient ward or wards or intensive care or ICU or emergency department* )
S34 (MH “Adolescent, Hospitalized”) OR (MH “Aged, Hospitalized”) OR (MH “Child, Hospitalized”) OR (MH “Emergency
Patients”) OR (MH “Infant, Hospitalized”) OR (MH “Inpatients”)
S35 (MH “Hospitals+”) OR (MH “Hospital Units+”) OR TI ( inpatient* or hospital$ or WARD* or UNIT or UNITS )
Medication review in hospitalised patients to reduce morbidity and mortality (Review) 76
Copyright © 2016 The Cochrane Collaboration. Published by JohnWiley & Sons, Ltd.
S36 (MH “Hospitalization”) OR (MH “Length of Stay”) OR (MH “Patient Admission”) OR (MH “Patient Discharge”) OR (MH
“Discharge Planning+”)OR(MH“PatientDischarge Education”)OR (MH“Early PatientDischarge”)OR (MH“Transfer,Discharge”)
OR (MH “Patient Dumping”) OR (MH “Readmission”) OR (MH “Transfer, Intrahospital”)
S37 (MH “Medication Reconciliation”)
S38 TI ( (drug therapy N2 reconcil*) or (drug therapy N2 audit*) or (drug therapy N2 review*) ) or AB ( (drug therapy N2 reconcil*)
or (drug therapy N2 audit*) or (drug therapy N2 review*) ) OR TI ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or (medicine*
N2 review*) ) or AB ( (medicine* N2 reconcil*) or (medicine* N2 audit*) or (medicine* N2 review*) )
S39 (MH “Nursing Audit”) OR (MH “Audit”)
S40 TI ( medication* or medicine* or drug therap* or prescrib* or prescript* or medication* ) or MW ( medication* or medicine* or
drug therap* or prescrib* or prescript* or medication* )
S41 S39 and S40
S42 S30 or S31 or S32
S43 S33 or S34 or S35 or S36
S44 S37 or S38 or S41
S45 S42 and S43
S46 S43 and S44
S47 TI ( (multicent* n2 design*) or (multicent* n2 study) or (multicent* n2 studies) or (multicent* n2 trial*) ) or AB ( (multicent* n2
design*) or (multicent* n2 study) or (multicent* n2 studies) or (multicent* n2 trial*) )
S48 (MM “Clinical Trials+”
S49 TI ( “clinical study” or “clinical studies” ) or AB ( “clinical study” or “clinical studies” )
S50 TI random* or AB random*
S51 TI controlled or AB controlled
S52 TI ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or “control* N1 study” or “control* N1 studies” or
“control* N1 design*” or “control* N1 method*” ) or AB ( “control* N1 clinical” or “control* N1 group*” or “control* N1 trial*” or
“control* N1 study” or “control* N1 studies” or “control* N1 design*” or “control* N1 method*” )
S53 S47 or S48 or S49 or S50 or S51 or S52
S54 TI ( (stopp or “beer’s criteria”) ) OR AB ( (stopp or “beer’s criteria”)
S55 S45 or S46 or S54
S56 S53 and S55
S57 TI medication review*
S58 S56 or S57

EPOC Specialised Register

Reference Manager, EPOC Specialised Register <update 18 November 2014>

TI: {Medication} AND {review} OR
TI: {prescription} AND {review} OR
TI: {prescription} AND {audit} OR
TI: {medication} AND {audit} OR
TI: {medication} AND {reconcil} OR
TI: {prescription} AND {reconcil} OR
TI: {prescrib} AND {reconcil} OR
TI: {prescrib} AND {audit} OR
TI: {prescrib} AND {review} OR
TI: {pharmacist} AND {audit} OR
TI: {pharmacist} AND {review} OR
TI: {hospital pharmacist} OR
TI: {hospital AND prescribe} OR
AB: hospital prescribe OR
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Keyword: (Pharmacy Service,Hospital*) OR
TI: (inappropriate OR assessment) AND
TI: (medication OR medicine OR drug OR prescrib OR prescrip)
NOTE: Due to the limited searching capabilities of RefMan, this strategy was searched in separate parts.

International Pharmaceutical Abstracts

Ovid International Pharmaceutical Abstracts <17 August 2011 to 12 May 2015>
1 Pharmacy service, hospital.mp.
2 ((PHARMACEUTICAL CARE or PHARMACY or PHARMACIES or PHARMACIST? or PRESCRIBING) and (inpatient?
or hospital$ or WARD? or UNIT or UNITS)).ti.
3 ((PHARMACEUTICAL CARE or PHARMACY or PHARMACIES or PHARMACIST? or PRESCRIBING) adj2 (inpatient?
or hospital$ or WARD? or UNIT or UNITS)).ab.
4 Medication Systems, Hospital.mp.
5 ((medication? or prescribing or prescription? or dispensing) adj2 system?).ti,ab. and (hospital$ orWARD orWARDS or (CARE
adj2 UNIT?) or INPATIENT?).ti,hw.
6 (stopp or beer’s criteria).ti,ab.
7 1 or 2 or 3 or 4 or 5 or 6
8 (hospital$ or WARD or WARDS).ti.
9 Hospitalization.mp.
10 hospital$.ab.
11 (“length of stay” or Patient admission or Patient discharge or Patient readmission or Patient transfer).mp.
12 ((patient? or hospital$).ti,hw. and (discharg$ or admission? or admitting or readmission? or readmit$ or transfer?).ti.) or “length
of stay”.ti.
13 Inpatients.mp. [mp=title, subject heading word, registry word, abstract, trade name/generic name]
14 (inpatient? or in-patient?).ti.
15 HOSPITAL SHARED SERVICES.mp.
16 (MEDICAL STAFF, HOSPITAL or HOSPITALISTS).mp.
17 8 or 9 or 10 or 11 or 12 or 13 or 14 or 15 or 16
18 (pharmacy or pharmacies or pharmacist? or prescription? or prescribing).ti.
19 (pharmacist-led or pharma$ initiated or ((driven or lead or led) adj2 pharmacist?)).ab.
20 (PRESCRIBING adj2 PATTERN?).ab.
21 (“physician-pharmacist?” or “doctor-pharmacist?”).ti,ab.
22 ((IMPROV$ or OPTIMI?ING or OPTIMI?E? or OPTIMAL$) and (DOSING or DOSAGE or PHARMAC$ or PRESCRIB$
or PRESCRIPT$)).ti. or ((IMPROV$ or OPTIMI?ING or OPTIMI?E? or OPTIMAL$) adj2 (PHARMACEUTICAL CARE or
PHARMACY or PRESCRIB$ or PRESCRIPT$)).ab.
23 ((pharmaceutical adj (care or consult$)) or (pharmacist? adj2 (care or consult$ or intervention? or managed))).ab.
24 (((prescription? or prescribing or medication?) adj4 review$) or (pharmacist? adj2 review$)).ti,ab.
25 ((drug therapy or drug regime? or medication? or medicineS or pharmacy or pharmacist? or pharmaceutical or PRESCRIB$ or
prescription?) adj2 (audit$ or monitor$ or RECONCIL$ or review?)).ti,ab.
26 ((medication? or prescrib$ or pharmac$) adj2 (manage? or management or service? or system?)).ti,ab.
27 ((“drug therapy” or dosage? or dose? or medication? or PRESCRIPTION? or PRESCRIB$ or PHARMACIST? or PHARMACEUTICAL
CARE) adj2 (managing or management or monitor$)).ti,ab.
28 (drug? review? or drug? assess$ or drug? audit? or drug?reconcil$).ti,ab.
29 (“drug utili?ation” adj2 (review? or reconcil$ or audit?)).ab. or (“drug utili?ation” and (review? or reconcil$ or audit?)).ti.
30 Medication adherence.mp.
31 (Pharmacists or Pharmacists’ Aides).mp.
32 (Pharmaceutical Services or Drug Information Services).mp.
33 Clinical Pharmacy Information Systems.mp.
34 (Prescriptions orDrug Prescriptions or Pharmaceutical Preparations or Drug Therapy orDrugDosage Calculations or Electronic
Prescribing or Medication Systems).mp.
35 (Drug Monitoring or Medication Therapy Management).mp.
36 (Drug Therapy or Drug Therapy, Computer-Assisted).mp.
37 POLYPHARMACY.mp. or POLYPHARM$.ti.
38 MEDICATION ERRORS.mp.
39 Drug utilization review.mp.
40 Drug Utilization.mp.
41 18 or 19 or 20 or 21 or 22 or 23 or 24 or 25 or 26 or 27 or 28 or 29 or 30 or 31 or 32 or 33 or 34 or 35 or 36 or 37 or 38 or
39 or 40
42 (randomized controlled trial or controlled clinical trial).pt. or randomized.ab. or placebo.ab. or clinical trials as topic.sh. or
randomly.ab. or trial.ti.
43 animals/ not humans.sh.
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44 42 not 43
45 (((patient? or hospital?) adj2 (discharg$ or admission? or admitting or readmission? or transfer?)) or “length of stay”).ab.
46 17 or 45
47 7 and 44
48 41 and 44 and 45
49 47 or 48
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Appendix 2. Co-interventions

  Medication
reconcilia-
tion at dis-
charge

Discharge
counselling

Written in-
formation
to the pa-
tient at dis-
charge/dis-
charge let-
ter

Post-dis-
charge tele-
phone con-
tact with
the patient

Post-dis-
charge tele-
phone con-
tact with
primary
care physi-
cian

Written in-
formation
to primary
care physi-
cian

Post-dis-
charge
telephone
contact to
community
pharmacy

Written in-
formation
to commu-
nity phar-
macy

Bladh 2011   X X     X    

Blum 2021           X    

Bonetti 2018   X X X        

Bonnerup 2014                

Cossette 2017                

Curtin 2020                

Dalleur 2014           X    

Farris 2014   X X X   X   X

Gallagher 2011                

Gillespie 2009   X   X   X    

Graabaek 2019   X            

Gustafsson 2017                

Juanes 2018     X          

Kempen 2021 X     X   X    

Lea 2020 X X            

Lenssen 2018 X   X          

Lisby 2010   X            
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Lisby 2015                

Nielsen 2017                

O'Mahony 2020                

Ravn-Nielsen 2018 X X   X X X X  

Schnipper 2006       X   X    

Scullin 2007   X X     X   X

Song 2021 X X            

SUREPILL 2015 X X       X   X

  (Continued)
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Appendix 3. Risk of bias in included studies

Allocation (selection bias)

Of the four trials with unclear risk of selection bias, three trials did not report who included the participants and whether they had
knowledge of the allocation group before trial inclusion (Lisby 2010; Lisby 2015; Song 2021), and in the last trial, the same persons were
responsible for both participant enrolment and performing the medication review and it was unclear how the randomisation was done
(Bonetti 2018).

Incomplete outcome data (attrition bias)

Eleven trials reported one or more of the following outcomes: mortality (due to drug-related adverse events), hospital re-admission (due
to drug-related adverse events), hospital emergency department contact (due to drug-related adverse events) or drug-related adverse
events. Of these, we assessed seven trials as having low risk of attrition bias for all outcomes (Blum 2021; Curtin 2020; Gillespie 2009;
Graabaek 2019; Gustafsson 2017; Kempen 2021; Ravn-Nielsen 2018). We judged two trials as having a high risk of attrition for several
outcomes: one trial had high risk of attrition bias for adverse drug events and hospital readmissions (due to adverse drug events) due
to a high loss to follow-up (33%) (Lenssen 2018). The other trial had high risk of attrition bias for hospital readmissions (due to adverse
drug events), hospital emergency department contacts (due to adverse drug events) and adverse drug events due to large dropout with
uneven distribution (Schnipper 2006). We judged two trials as having unclear risk of attrition bias for drug-related adverse events: one trial
showed discrepancies between reported participants lost to follow-up and participants excluded from analysis (Farris 2014), and one trial
measured outcomes using registry data and contact with general practitioners and participants, but did not report how oWen data were
unavailable (Gallagher 2011). As adverse events, such as falls, could lead to loss to follow-up, we judged this outcome as unclear.

Other potential sources of bias

Of the four trials judged as having high risk of other biases, one trial stated that "In order to avoid contamination bias, two of the four
geriatricians involved in the inpatient geriatric consultation team during the study period were allocated to the intervention group because
they used the STOPP criteria in their current practice, while the other two, who had never worked with the STOPP criteria, were allocated
to the control group" (Dalleur 2014). This entails a risk of unevenly distributed physician competencies leading to high risk of bias. We
judged another trial as having high risk of other biases in their data analysis (Scullin 2007). Firstly, there was a diGerence of 20 participants
between the two intervention groups, which should not have been possible because the trial randomised in blocks of 10 in each group.
Secondly, data from a surgical ward were excluded from the analysis without an explanation. We judged one trial as high risk of other
biases for several reasons (SUREPILL 2015). Firstly, groups were unbalanced at baseline, probably because of cluster-randomisation using
only six clusters. Secondly, there were exactly 547 participants in each intervention group and exactly 362 participants from each group
returned the questionnaires about readmissions and quality of life, which we judged as very unlikely when randomising at cluster level.
The last trial was a cluster-randomised cross-over trial, and we judged it as having high risk of other bias due to the cross-over design where
all wards were allocated to all three interventions during trial, giving a risk of contamination and herd eGect (Kempen 2021). Medication
reviews may result in physicians gaining knowledge about which drugs should be discontinued or prescribed, thereby introducing a carry-
over eGect of the intervention.

In one trial, baseline data were reported for the entire population and not for the subgroup of participants (35% of all participants) who
received a medication review (Bonnerup 2014). Thus, we judged the trial as unclear risk of other biases as it was not possible to evaluate
baseline diGerences.

Appendix 4. Summary of findings table: trials comparing two or more types of medication reviews for hospitalised
adult patients

 

Extended medication review compared with basic medication review for hospitalised adult patients

Patient or population: hospitalised adult patients

Intervention: extended medication review

Comparison: basic medication review

Illustrative comparative risks* (95% CI)Outcomes

Assumed risk with
basic medication re-
view

Corresponding risk with ex-
tended medication review

Relative ef-
fect
(95% CI)

No of partici-
pants
(studies)

Certainty of
the evidence
(GRADE)
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High-risk population

200 per 1000a 254 per 1000
(190 to 342)

Very high-risk population

Mortality (all-cause)

Median follow-up 6
months (range 3 to 6
months)

400 per 1000a 508 per 1000
(380 to 684)

RR 1.27

(0.95 to 1.71)

2087
(4 trials)

⊕⊝⊝⊝

very lowb,c

High-risk population

500 per 1000a 495 per 1000
(390 to 630)

Very high-risk population

Hospital readmis-
sions (all-cause)

Median follow-up 3
months (range 1 to 6
months)

650 per 1000a 644 per 1000
(507 to 819)

RR 0.99

(0.78 to 1.26)

1918
(3 trials)

⊕⊕⊝⊝

lowd,e

High-risk population

300 per 1000a 300 per 1000
(213 to 423)

Very high-risk population

Hospital emergency
department contacts
(all-cause)

6 months follow-up

400 per 1000a 400 per 1000
(284 to 564)

RR 1.00

(0.71 to 1.41)

1522
(2 trials)

⊕⊕⊕⊝

moderatef

* The basis for the assumed riskwith basic medication review is provided in footnotes. The corresponding riskwith extended
medication review (and its 95% confidence interval) is based on the assumed risk in the comparison group and the relative effect
of the intervention (and its 95% CI).

** > 0 favours medication reviews

CI: confidence interval; NA: not applicable; RR: risk ratio

GRADE Working Group grades of evidence
High quality: Further research is very unlikely to change our confidence in the estimate of effect.
Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change
the estimate.
Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to
change the estimate.
Very low quality: We are very uncertain about the estimate.

  (Continued)

 
aThe assumed risk with standard care is based on published trial data. The ‘very high-risk’ estimates are based on the included trials with
the highest risk in the control group at 12 months follow-up for mortality (Gillespie 2009), hospital readmissions (Lea 2020) and emergency
department contacts (Kempen 2021). The ‘high-risk’ estimates are based on the included trials with the lowest risk (albeit still a high risk,
hospitalised population) in the control group at 12 months follow-up for mortality and hospital readmissions (Scullin 2007) and emergency
department contacts (Gillespie 2009).

bDowngrade for indirectness (follow-up ranged from 3 to 6 months for mortality. Short follow-up may be inadequate as changes to
preventive medications may take years before showing an eGect on outcomes (downgraded 1 category for indirectness).

cThe 95% CI ranges from 0.95 to 1.71 and includes important benefit, i.e. 5% reduction in mortality, and very important harm, i.e. 20%
increase in mortality (downgraded 2 categories for imprecision).
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dInconsistency: downgraded by one level: I2 = 58%.

eThe 95% CI ranges from 0.78 to 1.26 and includes both important benefit, i.e. 15% reduction in hospital readmissions, and important harm
(downgraded 1 category for imprecision).

fThe 95% CI ranges from 0.71 to 1.41 and includes both important benefit, i.e. 20% reduction in emergency department contacts, and
important harm (downgraded 1 category for imprecision).

W H A T ' S   N E W

 

Date Event Description

20 January 2023 New citation required and conclusions
have changed

We have updated the review (search performed January 2022)
and included 15 new trials (i.e. a total of 25 trials with 15,076 par-
ticipants are now included).

The update led to changes to the conclusions.

20 January 2023 New search has been performed New searches were performed on 30 October 2019 and 17 Janu-
ary 2022. We identified 15 new trials.

 

H I S T O R Y

Protocol first published: Issue 2, 2011
Review first published: Issue 2, 2013

 

Date Event Description

20 February 2016 New search has been performed Review updated (Christensen 2016).

4 March 2014 Feedback has been incorporated Minor amendments were made.
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CB: adjusted the protocol, selected trials, extracted data, assessed risk of bias, was responsible for data management and data analysis,
was involved in the interpretation of the results, draWed the manuscript, contributed to additional manuscript writing and approved the
final version of the manuscript.

SSC: adjusted the protocol, selected trials, extracted data, assessed risk of bias, contributed to writing the manuscript and approved the
final version of the manuscript.

AL: designed, conducted, analysed and reported the previous two versions of this review. For this update AL adjusted the protocol, assessed
risk of bias, supervised data extraction and analysis, was involved in the interpretation of the results, contributed to writing the manuscript
and approved the final version of the manuscript.

MC: designed, conducted, analysed and reported the previous two versions of this review. For this update MC adjusted the protocol,
assessed risk of bias, supervised data extraction and analysis, was involved in the interpretation of the results, contributed to writing the
manuscript and approved the final version of the manuscript.
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• Department of Clinical Pharmacology, Bispebjerg Hospital, Denmark
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Both review authors were salaried by a grant from TrygFonden, a non-profit foundation, for the initial review. Review authors did not
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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

We hereby describe the diGerences between the current and last versions of this review (Christensen 2016). All changes were made prior
to the review update unless specifically stated.

In this update, we included health-related quality of life as a secondary outcome because of the direct patient relevance and potential for
using the data in further cost-utility analysis.

In this update, we also compared extended versus basic medication reviews.

Subgroup analysis

• We added a subgroup analysis comparing trials with extended medication reviews versus trials with basic medication reviews.

• We added a subgroup analysis comparing trials with a high implementation rate (over 50%) of identified drug-related problems versus
trials with low implementation rate (50% or below).

• In the last version of the review the subgroup analysis comparing trials with participants at high risk of medication errors and adverse
drug events versus low-risk participants was based on the trial inclusion and exclusion criteria (i.e. high-risk if trial eligibility criteria
restricted trial population to participants at high risk, e.g. elderly patients or patients with multiple co-medications). However, this
strategy resulted in the majority of trials being coded as high-risk. We therefore removed the analysis and instead added a subgroup
based on a simpler and more objective stratification using the average number of medications (i.e. above or below 10 medications).

Sensitivity analysis

• We added an analysis including cluster-randomised cross-over trials adjusted for clustering and period eGect. We added the sensitivity
analysis post hoc.

I N D E X   T E R M S

Medical Subject Headings (MeSH)

*Medication Review;  Morbidity;  Outpatients;  Patient Readmission;  *Quality of Life;  Randomized Controlled Trials as Topic

MeSH check words

Adult; Aged; Child; Humans
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