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Abstract

Background Medication-related adverse events in primary care are a leading cause of hospital admissions and mortality,
commonly resulting from medication errors. Previous reviews have assessed interventions broadly across healthcare settings,
but few have focused specifically on interventions targeting medication errors in primary care.

Objective To evaluate the effectiveness of professional, organisational, and structural interventions in primary care settings
in reducing medication-related hospital admissions, emergency department (ED) visits, and mortality.

Methods We conducted a systematic review using the Cochrane methodology of systematic reviews and PRISMA guidelines
for reporting. A comprehensive search of CENTRAL, MEDLINE, Embase, CINAHL, and trial registries up to October
2024 was undertaken. Randomised controlled trials conducted in primary care that assessed the impact of interventions on
hospital admissions, ED visits, and mortality were included. Cochrane Risk of bias assessments and random-effects meta-
analyses were performed.

Results Interventions were classified according to the Cochrane Effective Practice and Organisation of Care criteria into
Professional, Organisational and Structural. Sixty-two studies met the inclusion criteria. Professional interventions, includ-
ing educational training and clinical decision tools, showed little to no effect on primary outcomes (risk ratio [RR] 1.01,
95% confidence interval [CI] 0.94-7.00 for hospital admissions; RR 1.00, 95% CI 0.98-1.02 for mortality; very-low to low
certainty evidence). Organisational interventions, such as pharmacist-led medication reviews and multidisciplinary care
models reduced the number of hospital admissions (RR 0.81, 95% CI 0.70-0.95; low-certainty evidence), but had uncertain
effects on ED visits and mortality. Structural interventions, such as system-level support and quality monitoring, showed a
reduction in hospital admissions (RR 0.90, 95% CI 0.83-0.97; moderate-certainty evidence), but evidence for other outcomes
showed limited or very-low certainty.

Conclusion Organisational and structural interventions in primary care may reduce medication-related hospital admissions
and may help inform clinical practice through implementation of multidisciplinary care models and system-level quality
monitoring approaches. However, the overall certainty of evidence is low to very low, highlighting the need for high-quality
trials to better inform clinical practice and policy.
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The evidence from this review supports the benefits of
organisational and structural interventions to reduce
medication errors with respect to the number of hospital
admissions, but not with respect to patients admitted to
hospital, number of emergency department visits and
mortality. However, there was no evidence supporting
the benefits of professional interventions.

For clinical practice, these findings support imple-
menting multidisciplinary approaches to medication
management, including regular medication reviews by
pharmacists and collaborative care models integrated
into routine primary care. Relying solely on educational
strategies is unlikely to have a significant impact. For
researchers, the findings point to the need for high-qual-
ity trials to better inform clinical practice and policy.

Policymakers should consider investing in system-level
reforms such as incentivising structured medication
reviews, improving data sharing between care settings,
and embedding safety monitoring tools within electronic
health systems.

1 Introduction

Medication-related adverse events (AEs) in primary care rep-
resent an important cause of hospital admissions and mortal-
ity [1]. They can be the result of people either experiencing
adverse drug reactions (not usually preventable) or as a result
of medication errors (usually preventable) [2, 3]. For this
review, primary care refers to a patient's initial contact within
the healthcare system, encompassing general practice, com-
munity pharmacies, and community-based clinics. Medica-
tion management refers to the clinical, cost-effective and safe
use of medication to ensure that patients get the maximum
benefit from the medication they need, while at the same time
minimising potential harm. A medication error is defined by
Ferner 2006 as "a failure in the treatment process that leads
to, or has the potential to lead to, harm to the patient”. It
arises mainly from errors in prescribing or medication man-
agement [4]. Reducing prescribing errors has been a high pri-
ority for international healthcare policy in order to improve
the safety profile of the healthcare delivery system [5].

A recent scoping review found that the incidence of
adverse drug reactions varied significantly in primary care
ranging between 6 and 80% of all AEs reported in primary
care. The nature of these AEs varied significantly from
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mild to severe and, in some instances, resulting in mortal-
ity [6]. Most of the AEs reported were due to drug-related
medication errors (wrong dose, drug interactions, wrong
route, etc.) followed by allergic drug reactions.
Prescribing medications is the most common interven-
tion made by general practitioners in the prevention and
treatment of disease, and alleviation of symptoms [7]. How-
ever, medication-related AEs arising as a result of primary
care prescribing are an important source of morbidity, much
of which could be prevented by higher-quality prescribing
and medication management [1]. To date, there is little
information about interventions aimed at reducing prevent-
able medication-related AEs in primary care due to errors.
A review undertaken by Ioannidis et al., addressed interven-
tions to reduce all types of medical errors in both primary
and secondary care [3]. It highlighted the complexity in
studying those types of interventions aimed at minimis-
ing errors in healthcare delivery. Other reviews focused on
interventions to improve professional practice and health-
care outcomes, including prescribing [8, 9]. A review by
Royal et al. found that there was weak evidence to support
pharmacist-led medication interventions being effective in
reducing hospital admissions [10]. However, none of these
reviews have focused on other types of interventions at the
professional, organisational or structural level that could
reduce medication errors in the primary care setting.
Given that medication errors in primary care are associ-
ated with hospital admissions, emergency department (ED)
visits, and mortality, it is important to know if any interven-
tions have been found that are effective in reducing the occur-
rence of these outcomes. Building on an older review [11],
this study examined interventions in primary care to reduce
medication errors that resulted in hospital admissions, ED
visits, and mortality compared to standard care [11]. The
three main types of interventions that we examined included
Professional, Organisational, and Structural interventions as
described by the Cochrane Effective Practice and Organisa-
tion of Care (EPOC) [12]. Professional interventions included
quality assurance tools that provided educational interven-
tions for practitioners or participants, such as teaching the use
of structured assessments with general practitioners (GPs).
Organisational interventions included revision of professional
roles (e.g. nurse- or pharmacist-led chronic disease clinics
and nurse prescribing) and revision of clinical multidiscipli-
nary teams (e.g., pharmacist-managed medication reviews).
Structural interventions included the organisation of quality
monitoring services. This updated systematic review builds
upon our earlier review published in 2017, expanding the evi-
dence base with studies published since then and providing
a more comprehensive analysis of intervention effectiveness.
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2 Materials and Methods

The protocol and an older version of this review have been
published previously and registered in PROSPERO [11, 13].
The eligibility criteria of the participants, interventions,
comparators, outcomes and study types are provided in
Table 1. We used the Cochrane EPOC framework to classify
the studies, the Cochrane methodology of systematic reviews
of effectiveness to undertake the review and the PRISMA
guidelines for reporting [12—-15].

2.1 Search Strategy

A comprehensive search was conducted on 30 October 2024
across CENTRAL, MEDLINE (Ovid), Embase (Ovid), and
CINAHL (EBSCO), from January 2000 onwards [11]. No
language limits were applied. The strategy included both
natural language and controlled vocabulary terms. The
search timeframe from January 2000 was chosen because
systematic electronic databases became more comprehensive
from this period, and medication safety initiatives gained

prominence in healthcare policy from 2000 onwards. Grey
literature searches were conducted across multiple platforms

Table 1 Eligibility criteria

Participants

Interventions

Comparators

Outcomes

Studies

We included studies directed at healthcare professionals and organisations involved in the provision of primary care in the
community setting who were authorised to prescribe, sell or administer medications, including primary care physicians (GPs,
family doctors, family physicians, family practitioners), dental practitioners, community nurses, nurse practitioners, community
pharmacists, dispensers in community pharmacies and any other relevant healthcare providers

We included all adult participants who were receiving a medication through the intervention of the previously mentioned primary
healthcare professionals

Examples of community settings included general practice, community pharmacies, and nursing and residential homes

We excluded studies of interventions for outpatients in a clinic attached to a hospital or a day hospital unless these were specifi-
cally described as primary care clinics

Using the taxonomy of interventions developed by EPOC, we categorised interventions that improved patient safety by reducing
hospital admissions, ED visits, and mortality (Appendix 1). We compared the interventions with inactive control interventions
such as no treatment, or standard or conventional care. We divided interventions into the following three categories

Professional interventions

Professional interventions included the use of health information technology to identify people at risk of medication problems,
computer-generated care suggested and actioned by a physician, electronic notification systems about dose changes, drug inter-
ventions and follow-up, and educational interventions on drug use aimed at physicians to improve drug prescriptions

Organisational interventions

Examples of organisational interventions included medication reviews by pharmacists, nurses or physicians, clinician-led clinics,
and home visits by clinicians

Structural interventions

Structural interventions included the organisation of quality monitoring services. Structural approaches included social, eco-
nomic, and political interventions that could improve public health outcomes by increasing the willingness and ability of indi-
viduals to practice prevention. An example of the latter would be the introduction of financial incentives to healthcare workers
to reduce medication errors

Standard/usual care

Primary outcomes

1. Number of hospital admissions (this outcome allows that one patient can have multiple admissions)

2. Number of people admitted to hospital (this outcome reports on the no. of people admitted to hospital irrespective of the no. of
times they were admitted during the study period)

Secondary outcomes

1. Number of ED visits (measured as no. of visits to EDs, this outcome allows that one patient can have multiple visits). We
reported all-cause visits to EDs.

2. Mortality (measured as the no. of patients reported to have died). We reported all-cause mortality included in the primary stud-
ies

All-cause mortality measures were reported as this was the most common outcome reported in all the included studies. It was
difficult to differentiate between all-cause outcomes and intervention-specific outcomes

We included randomised trials in this review. We excluded controlled before-after studies and other non-randomised designs as
they provided much weaker evidence due to the potential for bias. We did not impose any restriction on the language or country
or status of publication. We searched for study reports and any ongoing studies. We included cluster randomised trials where the
unit of analysis was the site rather than the individuals and that they had to have at least two intervention and two control sites
as described in Higgins 2017

ED emergency department, EPOC Cochrane Effective Practice and Organisation of Care, GP general practitioner
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and databases. Trial registries including ClinicalTrials.gov
and WHO International Clinical Trials Registry Platform
(ICTRP) were searched using terms such as "pharmaceutical
care," "medication review," "medication error," and "inap-
propriate prescribing”. Additional grey literature sources
included OpenGrey (opengrey.eu), Grey Literature Report
(New York Academy of Medicine), Agency for Healthcare
Research and Quality (AHRQ), Joanna Briggs Institute, and
National Institute for Health and Care Excellence (NICE).
Search strategies were adapted for each platform using rel-
evant combinations of terms including "pharmaceutical
care", medication review", "medication error", and "medi-
cation reconciliation", with appropriate filters applied where
available (e.g., interventional studies, systematic reviews,
primary research). Reference lists of included studies were
screened. The search strategy is detailed in Supplementary
file 1.

"non

2.2 Study Selection

Two reviewers from this list of authors (HK, BB, MF, PL,
AT, RNK, BI) independently screened each title, abstract,
and full text for inclusion, extracted study data independently
and resolving any disagreements by consensus with a third
reviewer, as detailed in Table 1. Cochrane Review Manager
5 was used to document included studies. A PRISMA flow-
chart outlines the selection process, as shown in Fig. 1.

2.3 Data Extraction

Two review authors (HK and BB) extracted data using a
customised EPOC checklist and grouped studies by simi-
lar interventions and outcomes. Any discrepancies were
checked by the primary author (HK). Review Manager 5
was used to manage data. We have provided an overview of
the selection process in a PRISMA flow diagram in Fig. 1,
including the studies included in our original review [15].

2.4 Risk of Bias Assessment

For parallel group randomised controlled trials (RCTs), risk
of bias was assessed across standard domains using Hig-
gins 2011 criteria [16]. Cluster-RCTs were also assessed
for recruitment bias, baseline imbalances, and analytical
appropriateness. Studies with any high-risk domain were
considered high risk overall.

2.5 Measures of Treatment Effect

Outcomes were reported in natural units (e.g., number of
events per total participants). Dichotomous outcomes were

A\ Adis

analysed using risk ratios (RRs) with 95% confidence inter-
vals (CIs). Funnel plots were used to assess publication bias

[11].
2.6 Data Analysis

Random-effects meta-analyses were used due to expected
heterogeneity. Studies were grouped by intervention type
(professional, organisational, structural). Cluster RCTs
were adjusted using design effect calculations as per the
Cochrane handbook [14].

2.7 Assessment of Heterogeneity

Heterogeneity was evaluated using the /? statistic and visu-
ally via forest plots. Thresholds followed Higgins 2003
guidelines [17, 18].

2.8 Reporting Bias

Funnel plots and Egger’s test were planned if > 10 studies
were available. Due to insufficient trials, this was not per-
formed for professional and structural interventions [14].

2.9 Summary of Findings and Certainty of Evidence

The GRADE handbook was used to assess evidence cer-
tainty. Three 'Summary of findings' tables were developed
for comparisons between each intervention type and usual
care, including justifications for any downgrading/upgrad-
ing of evidence, as per the GRADE handbook [12, 19]
(summary of findings Tables 2, 3, 4).

3 Results
3.1 Study Selection

We identified a total of 6328 records through all searches
undertaken in this review update. After removing dupli-
cates, 4148 titles and abstracts were screened, and 4028
were excluded. We then reviewed the full text of 120
records for a more detailed evaluation. Of these, a total
of 58 studies were excluded and 62 studies were included
in the current review, as shown in Fig. 1. Studies were
excluded due to unsuitable design (i.e., not RCTs), settings
not in primary care, interventions not relevant to reduc-
ing medication errors, population not specific to adults, or
withdrawal after publication [20, 21].
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Table 2 Summary of finding—professional interventions

Professional interventions compared to standard/usual care for patients with preventable medications errors that lead to

hospital admissions, emergency visits and mortality

Patient or population: patients with preventable medications errors that lead to hospital admissions, emergency visits and mortality

Setting: Primary care
Intervention: Professional interventions

Comparison: standard/usual care

Anticipated absolute effects’ (95% Cl)

Risk with Risk with Certainty of the
standard/usual Professional Relative effect Ne of participants evidence
Outcomes care interventions (95% Cl) (studies) (GRADE) Comments
39 per 1,000 Two studies had unclear risk of bias
Number of hospital 42 per 1,000 (2510 58) RR 0.91 3672 1100 (selection and other bias), one study had
admissions pert, (0.60 to 1.36) (2 RCTs) Lowabe performance and assessment bias, the
studies had wide confidence intervals
185 per 1,000 Four studies had unclear selection bias, six
Number of patients .. . o (172 to 1,000) RR 1.01 23299 @D®O(Q  studies had high risk of bias (performance
admitted to hospital pert, (0.94 to 7.00) (7 RCTs) Lowabe and detection) and three studies had unclear
risk of protection against contamination.
230 per 1,000 Three studies had unclear risk of bias of
Number of emergency .o\ oo (196 to 269) RR 0.89 17387 DOOQ  selection, three studies had high risk of
departments visits pert, (0.76 to 1.04) (5 RCTs) Very lowsbe performance bias), high heterogeneity and
wide confidence intervals
354 per 1,000 Five studies had unclear risk of selection
Mortality 354 per 1,000 (347 to 361) RR1.00 39604 @OOQ bias, Four stludles haq high r|§k of
(0.98 to 1.02) (8 RCTs) Very lowabed performance bias and wide confidence

intervals

*The risk in the intervention group (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%

cl).

ClI: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially

different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

3.2 Characteristics of Included Studies

3.2.1 Study Design

Of the 62 randomised trials included in this review, 21
(33.9%) were cluster-randomised trials [22-37] and

41 (66.1%) were randomised trials [38—64]. Follow-up
ranged from 21 days to 4.7 years.
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3.2.2 Participants

A total of 431,526 patients were included across all studies.
In 42 studies (42/62, 67.7%), the number of healthcare pro-
fessionals delivering the intervention was not reported. Most
interventions were delivered by pharmacists, physicians,
or a combination of both. Fourteen studies (14/62, 22.6%)
were pharmacist-led, ten (10/62, 16.1%) were delivered by
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Table 3 Summary of finding—organisational interventions

Organisational interventions compared to standard/usual care for patients with preventable medications errors that lead

to hospital admissions, emergency visits and mortality

Patient or population: patients with preventable medications errors that lead to hospital admissions, emergency visits and mortality

Setting: Primary care
Intervention: organisational interventions

Comparison: standard/usual care

Anticipated absolute effects’ (95% Cl)

Risk with Risk with Certainty of the
standard/usual organisational Relative effect Ne of participants evidence
Outcomes care interventions (95% Cl) (studies) (GRADE) Comments
Number of hospital 250 per 1,000 RR 0.81 15693 o000 I?Ievep studlles had ur)clegr risk of selection
dmissi 309 per 1,000 (216 to 293) (0.70t0.0.95) (20RCTs) g bias, six studies had high risk of performance
aamissions : ' Lowabe bias, and high heterogeneity.
Number of patients 270 per 1,000 RR 0.99 10358 @OOO Somle studngsl had unclear risk of blals
dmitted to hospital 272 per 1,000 (248 to 294) (0.91 10 1.08) (22RCTs) A (selection, attrition and performance bias)
admitted fo hospita : ' Very lowebe and wide confidence intervals
181 per 1,000 Twelve studies had unclear risk of selection
bias, eight studies had high risk of
Number of emergenc (147 to 222) )
department g it y 229 per 1,000 © gftg ;%7) ( 1;0581_3) @OOP performance bias, nine studies had high risk
Epartments visits : ' Very low*>¢ ¢ atrition bias, high heterogeneity and wide
confidence intervals
161 per 1,000 Thirteen studies had high risk of selection,
Mortality 172 per 1,000 (148 to 175) RR 0.94 15169 o000 ten studies had high risk of performance bias
(0.86 to 1.02) (27 RCTs) Very lowabed : ) )
and wide confidence intervals

*The risk in the intervention group (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%

al.

ClI: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially

different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

both pharmacists and physicians, eight (8/62, 12.9%) were
physician-led and six studies (6/62, 9.7%) were nurse-led
interventions. The age of participants ranged from 60 to 90
years in most studies. However, in four studies (4/62, 6.5%)
the participants were aged between 40 and 60 years, and in
two studies (2/62, 3.2%), participant age was not specified.

3.2.3 Description of the Interventions

All 62 included studies are described in detail in Supplemen-
tary file 3. Ten studies (10/62, 16.1%) were categorised as
professional interventions, two (3.2%) as structural interven-
tions, and the remaining 50 (50/62, 80.6%) as organisational

interventions. Studies were classified into single interven-
tion categories based on their primary intervention focus,
with no overlap between categories within individual stud-
ies. Professional interventions included activities such as
the distribution of educational materials, educational meet-
ings, local consensus processes, educational outreach visits,
audit and feedback, reminders (including computer-aided
decision support and drug dosage), marketing, and mass
mailings. Organisational interventions included revision
of professional roles (e.g., nurse- or pharmacist-led clin-
ics, nurse prescribing), use of clinical multidisciplinary
teams (e.g., pharmacist-managed medication reviews), and
the involvement of quality monitoring services. Structural
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Table 4 Summary of finding table—structural interventions

Structural interventions compared to Standard care for [patients with preventable medication errors that lead to hospital

admissions, emergency department visits and mortality

Patient or population: patients with preventable medication errors that lead to hospital admissions, emergency department visits and mortality

Setting: Primary care
Intervention: Structural interventions

Comparison: Standard care

Anticipated absolute effects™ (95% Cl)

Risk with [ Certainty of the
Risk with Structural Relative effect Ne of participants evidence
Outcomes [Standard care] interventions] (95% ClI) (studies) (GRADE) Comments
Number of hospital 56 per 1,000 RR 0.90 23321 @@@O one gludy had high risk of.blas, two studies
dmissi 62 per 1,000 (52 to 61) (0.8310.097) (2RCTs) had high of performance bias and one study
admissions eofo. Moderate? had high risk of attrition bias
e L S0 i @000 e
. . , 0 »
admitted to hospital (07310 1.49) (2RCTs) Very lowbs risk of performance bias
Number of emergency 31 per 1000 59 per 1,000 RR 1.88 67 ®OOQ  This study had unclear risk of selection and
visits pert, (5 to 680) (0.16 t0 21.77) (1RCT) Very lowabe performance bias
) 0 per 1,000 ) .
Mortality 0 per 1,000 ?0 0 0) not estimable (0 studies)

*The risk in the intervention group (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%

cl).

ClI: confidence interval; RR: risk ratio

GRADE Working Group grades of evidence

High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty: we are moderately confident in the effect estimate: the true effect is likely to be close to the estimate of the effect, but there is a possibility that it is substantially

different.

Low certainty: our confidence in the effect estimate is limited: the true effect may be substantially different from the estimate of the effect.
Very low certainty: we have very little confidence in the effect estimate: the true effect is likely to be substantially different from the estimate of effect.

interventions included the presence and organisation of qual-
ity monitoring services and broader social, economic, or
political actions aimed at improving public health through
preventive behaviours, as per the EPOC categorisation [12].
The effects of these interventions are reported in Summary
of Findings Tables 2 (Professional), 3 (Organisational), and
4 (Structural).

3.2.4 Setting

Most studies were conducted in the USA (20 studies
[32.3%]) [24, 25, 28, 31, 44-46, 52, 54-56, 58, 60-62,
65-69] or the UK (10 studies, 61.1%) [29, 42, 47, 50, 51,
63, 64, 70-72]. Other countries represented were Spain (5,
8.1%), Australia (4, 6.5%), Denmark (2, 3.2%), the Nether-
lands (3, 4.8%), Norway (2, 3.2%), Austria (1, 1.6%), Canada
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(2, 3.2%), Israel (1, 1.6%), Sweden (1, 1.6%), Switzerland
(1, 1.6%), Singapore (1, 1.6%), Italy (1, 1.6%), Ireland (1,
1.6%), Germany (1, 1.6%), Brazil (1, 1.6%), New Zealand
(1, 1.6%), and the United Arab Emirates (1, 1.6%). Two
studies (2/62, 3.2%) were conducted across multiple coun-
tries: Bernsten [40] included sites in Denmark, Germany,
the Netherlands, Northern Ireland, Portugal, Republic of
Ireland, and Sweden; and Rieckert [34] in Austria, Ger-
many, Italy, and the UK. All the details of these studies are
included in Supplementary file 3.

Settings varied and included general practices (n = 15
studies), community pharmacies (n = 8 studies), patient
homes or community settings (n = 12 studies), outpatient
clinics (n=18 studies), and aged care facilities (n = 9 stud-
ies). Professional interventions were predominantly deliv-
ered in general practice settings, organisational interventions
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were most implemented in outpatient clinics and community
pharmacies, while structural interventions were typically
system-wide implementations.

3.2.5 Qutcomes

Primary outcomes were hospital admissions and number of
people admitted to hospital. Eighteen studies (18/62, 29.0%)
reported on the number of hospital admissions, while 20
(20/62, 32.3%) reported on the number of people admit-
ted. Secondary outcomes included ED visits and mortality.
Eleven studies (11/62, 17.7%) reported on ED visits and 38
studies (38/62, 61.3%) reported mortality data.

3.2.6 Risk of Bias in Included Studies

Twelve studies (12/62, 19.4%) had an unclear risk of selec-
tion bias, and the remainder (50/62, 80.6%) had a low risk of
selection bias as some details were provided about the ran-
domisation process, as shown in Fig. 1 in Supplementary file
2. Thirty-two studies (32/62, 51.6%) reported adequate con-
cealment of allocation, two studies (2/62 3.2%) had a high
risk of bias, and the remainder (28/62, 45.2%) had an unclear
risk of bias. Sixteen studies (16/62, 25.8%) adequately
blinded measurements of participants and personnel deliv-
ering the intervention. Twenty-five studies (25/62, 40.3%)
had high risk of bias and the remainder (21/62, 33.9%) had
unclear risk of bias. Adequate blinding of outcome assess-
ment was undertaken in 60 studies (60/62, 96.8%). Only
two studies (2/62, 3.2%) reported unclear blinding [67, 68].
Forty studies (40/62, 64.6%) reported adequate data report-
ing (attrition bias), 15 studies (15/62, 24.2%) had high risk
of attrition bias and the remainder (7/62, 11.3%) of the stud-
ies had an unclear risk. That is, these studies reported com-
plete outcome data or they replaced any missing outcome
data using a recognised statistical method, such as last obser-
vation carried forward with participants remaining in the
group to which they had been allocated. Four studies (4/62,
6.5%) had unclear reporting bias (selective reporting). Gulla,
Harnisch and Yang failed to report on all of the AEs that
they initially planned to collect and Volpp reported on mor-
tality but did not include the data [26, 62, 68, 73].

3.2.7 Protection Against Contamination Bias

Twenty-four studies (24/62, 38.7%) adequately protected
against contamination bias, while 29 studies (29/62, 46.8%)
had unclear risk. Contamination bias may occur when par-
ticipants in the control group are inadvertently exposed to
the intervention. Several studies had a high risk due to inap-
propriate intervention administration, insufficient training, or
variation in professional knowledge and delivery, as shown
in supplementary file 3, Fig. 1.

3.2.8 Cluster-Randomised Trials

Twenty-seven (27/62, 43.5%) of the included trials used
cluster randomisation. Risk of bias was assessed in three
additional domains: recruitment bias, baseline imbalances,
and analytical methods. Twenty-one studies (21/27, 77.8%)
had low recruitment bias, three (3/27, 11.1%) had high risk,
and three (3/27, 11.1%) were unclear. All studies used cor-
rect statistical approaches for cluster analysis. Generalized
Estimating Equations (GEE) were used for binary outcomes,
while mixed-effects models were used where individual vari-
ation or nested data structures were present. Most studies
adjusted appropriately for clustering using intraclass cor-
relation coefficients (ICCs) ranging from 0.01 to 0.1 and
adjustments were made for stratification, time effects, or
repeated measures. Overall, the statistical approaches were
well aligned with study designs and outcomes [14].

3.2.9 Publication Bias

Funnel plots were generated for outcomes from organi-
sational interventions with more than 10 studies. These
included number of hospital admissions (Supplementary file
2, Fig. 13), number of people admitted to hospital (Fig. 14),
ED visits (Fig. 15), and mortality (Fig. 16). There was no
evidence of publication bias.

3.2.10 Synthesis of Results

An overall summary of all the results across the three inter-
ventions is presented in Table 5.

3.2.10.1 Professional interventions The evidence for pro-
fessional interventions in primary care to reduce medica-
tion-related hospital admissions, ED visits and mortality
was limited and of low to very-low certainty. Across eight
studies, professional interventions showed no meaningful
impact on mortality (RR 1.00, 95% CI 0.98-1.02) and lit-
tle to no effect on hospital admissions (RR 0.91, 95% CI
0.60-1.36; 2 studies) or the number of patients admitted
(RR 1.01, 95% CI 0.94-7.00; 7 studies). There was no sig-
nificant reduction in ED visits (RR 0.89, 95% CI 0.76—1.04;
5 studies). The wide Cls, small number of studies, and fre-
quent risks of bias—particularly performance, detection,
and selection biases—lowered confidence in these findings.
Overall, the results suggest that professional interventions
may have minimal or uncertain effects on reducing medica-
tion-related adverse outcomes in primary care (Supplemen-
tary file 2, Figs 2-5).

3.2.10.2 Organisational interventions Organisational inter-

ventions in primary care, such as pharmacist-led reviews
and multidisciplinary care models, appeared to have a mod-
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Table 5 Summary of intervention effects by type and outcome with evidence certainty

. Hospital Admissions || Patients Admitted Emergency .
Intervention Type (Number) (Number) Department Visits Mortality

Professional RR 0.91(0.60-1.36)  |RR1.01(0.94-7.00) |RR0.89 (0.76-1.04) | <R 1.00(0.98-
Interventions 1.02)

n=2 studies n=7 studies n=5 studies n=8 studies

S VERY LOW S VERY LOW . .

certainty certainty @) LOW certainty @) LOW certainty

No effect No effect No effect No effect
Organisational RR0.81(0.70-0.95)  |RR0.99 (0.91-1.08) |RR0.79 (0.64-097) | <R 0-94(0.86-
Interventions 1.02)

n=20 studies n=22 studies n=13 studies n=27 studies

. S VERY LOW ® VERY LOW ® VERY LOW

@ LOW certainty certainty certainty certainty

Beneficial effect No effect Uncertain effect No effect
Is"uct“ra.' RR 0.90 (0.83-0.97) RR 1.04 (0.73-1.49) |[RR 1.88 (0.16-21.77) ||No data available
nterventions

n=2 studies n=2 studies n=1 study

@) MODERATE S VERY LOW S VERY LOW

certainty certainty certainty

Beneficial effect Uncertain effect Inconclusive

ED emergency department, RR risk ratio

est beneficial effect on reducing hospital admissions due to
preventable medication errors (RR 0.81, 95% CI10.70-0.95),
supported by low-certainty evidence from 20 RCTs. How-
ever, they showed no clear effect on the number of patients
admitted to hospital (RR 0.99, 95% CI 0.91-1.08; very-low
certainty evidence, 22 studies) and uncertain impact on ED
visits (RR 0.79, 95% CI 0.64-0.97; n = 13 studies, very-
low certainty). Similarly, mortality outcomes did not differ
significantly between groups (RR 0.94, 95% CI 0.86-1.02;
n = 27 studies, very-low certainty). A subgroup analysis by
professional groups was considered but not conducted due
to the limited number of studies within each subgroup and
high heterogeneity, which would limit the interpretability of
results. Future research should explore intervention effec-
tiveness by different professional groups. The overall cer-
tainty of evidence was downgraded due to high or unclear
risk of bias across several domains, wide CIs, and signifi-
cant heterogeneity. While these interventions may reduce
hospital admissions, the overall quality of evidence limits
confidence in their effectiveness across all outcomes.

3.2.10.3 Structural interventions Structural interventions

in primary care—such as quality monitoring systems and
policy-level changes that use social, economic, and political
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interventions to improve public health outcomes—showed
a moderate-certainty reduction in hospital admissions (RR
0.90, 95% CI 0.83-0.97) across two large trials, suggest-
ing they may help reduce admissions related to preventable
medication errors. However, their effect on the number of
people admitted to hospital was uncertain (RR 1.04, 95% CI
0.73-1.49; very-low certainty evidence), and one small trial
showed inconclusive and highly imprecise results for ED
visits (RR 1.88, 95% CI 0.16-21.77; very-low certainty).
No data were available on mortality outcomes. The limited
number of studies, small sample sizes for some outcomes,
and concerns about risk of bias and wide CIs contributed
to very-low certainty in most outcomes. While structural
interventions may modestly reduce hospital admissions,
their overall impact on broader patient outcomes remains
uncertain. (supplementary file 2, Figs 10-12).

4 Discussion

Our review evaluated the effectiveness of professional,
organisational, and structural interventions in reducing pre-
ventable medication-related hospital admissions, ED visits,
and mortality in primary care. Compared to our earlier 2017
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review, which included 39 studies, this update incorporates
62 studies and provides stronger evidence for organisational
and structural interventions, particularly regarding hospital
admission reductions. Overall, the evidence suggests modest
and variable effects across intervention types, with limita-
tions in certainty due to methodological concerns.

Professional interventions, such as educational pro-
grammes or decision-support tools for prescribers, demon-
strated little to no impact on hospital admissions, ED visits,
or mortality. While some studies showed a trend toward bene-
fit, the evidence was of low to very-low certainty, largely due
to risks of bias, high heterogeneity, and imprecise estimates.

Organisational interventions, including pharmacist-led
medication reviews and multidisciplinary care models, were
associated with a probable reduction in the number of hos-
pital admissions. However, they showed no significant effect
on the number of people admitted to hospital, ED visits, or
mortality, with very-low certainty of evidence. These find-
ings suggest potential value in modifying care delivery struc-
tures but highlight inconsistency in results and study quality.

Structural interventions, such as system-level quality
monitoring or policy-based changes, showed a moderate cer-
tainty reduction in hospital admissions, although no effect
was observed on the number of patients admitted or ED vis-
its, and mortality data were not available. While promising,
the small number of studies and wide confidence intervals
for most outcomes limit confidence in these results.

The limited benefits observed in the review may be attrib-
uted to substantial heterogeneity among studies. Variations
existed in the types of interventions, the health profession-
als delivering them, and patient characteristics, including
comorbidities and age. The outcome measures used may
have lacked sensitivity to detect direct intervention effects
on medication errors, as they represent downstream conse-
quences rather than direct measures of medication safety
improvements. Additionally, the interventions were com-
plex and multifaceted, further contributing to heterogene-
ity across studies. While this complexity creates challenges
for research synthesis and comparison between studies, it
reflects the reality that medication management interven-
tions necessarily need to be multifaceted to address the vari-
ous factors contributing to medication errors. This presents
a fundamental challenge for evidence synthesis while being
essential for effective practice implementation. This vari-
ability—along with differences in settings, healthcare sys-
tems, and delivery—suggests the pooled results should be
interpreted with caution. Study quality was another concern,
with evidence of bias: only 32 studies reported adequate
allocation concealment, 16 had low performance bias, and
24 adequately addressed contamination risk, all of which
may have impacted the overall findings.

Moreover, The included studies predominantly repre-
sented well-resourced healthcare systems, with limited

representation from diverse socioeconomic populations or
resource-constrained settings. This might affect the gener-
alisability of the results to populations and settings. A ret-
rospective cohort study by Sluggett et al., found that Resi-
dential Medication Management Reviews (RMMRs) were
associated with a modest 4.4% reduction in 12-month all-
cause mortality among 57,719 older Australians in residen-
tial aged care, but showed no effect on ED visits, unplanned
hospitalisations, or fall-related admissions. In contrast, for
organisational interventions in primary care, our system-
atic review found no significant mortality reduction but did
observe a probable reduction in hospital admissions. These
differences likely reflect variations in populations, settings,
and intervention types—RMMRs targeted frail aged-care
residents, while the review addressed broader primary care
interventions—highlighting how context influences out-
comes. The inclusion of the Sluggett et al. retrospective
cohort study provides important contextual comparison to
our RCT findings, demonstrating how similar medication
review interventions may have different outcomes depend-
ing on population characteristics and care settings. While
their study found mortality benefits in residential aged care,
our primary care-focused RCTs showed hospital admis-
sion reductions, highlighting the importance of context in
intervention effectiveness [74].

For clinical practice, these findings highlight the impor-
tance of implementing multidisciplinary approaches to med-
ication management. Interventions such as regular medica-
tion reviews by pharmacists or collaborative care models
may help reduce hospitalisations when integrated into rou-
tine primary care. A recent review [75] found that integrat-
ing pharmacists into general practice has beneficial effects,
especially on medication use. However, one recent study
[76] concluded that pharmacists may experience ambiguity
in their role and have concerns with inappropriate utilisation
when given incentives to participate more fully in general
practice. Clinicians should be cautious about relying solely
on educational strategies, as these alone may be insufficient
to prevent adverse outcomes.

From a policy perspective, the evidence supports invest-
ment in system-level reforms, such as incentivising struc-
tured medication reviews, improving data sharing between
care settings, and embedding safety monitoring tools within
electronic health systems [77, 78]. Given the modest effect
sizes and variability in outcomes, future policies should focus
on targeting interventions to high-risk populations, ensuring
implementation fidelity, and evaluating cost effectiveness to
guide sustainable adoption. Furthermore, improved standard-
isation of outcome measures and study designs across future
trials would strengthen the evidence base and ultimately sup-
port better policy decisions to reduce preventable harm.

In summary, while organisational and structural interven-
tions show potential to reduce medication-related hospital
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admissions, the current evidence base highlights a press-
ing need for higher-quality research and coordinated policy
responses to optimise medication safety in primary care.

This review is strengthened by its inclusion of 62 ran-
domised controlled trials focused on medication-related
errors and their impact on hospitalisations, ED visits, and
mortality. First, the end points chosen are not necessarily
a direct consequence of medication errors. To measure the
effect of these interventions on reducing medication errors,
a more direct outcome would be the number of preventable
medication-related AEs reduced. Also, we did not consider
studies where participants were treated in the ED of hospi-
tals, although we are aware that at times people could receive
treatment in the ED without being admitted to hospital. We
did not consider the effect of data collection at various time
points on the outcomes of interest. A further limitation of
this review was the inconsistent reporting of hospital admis-
sion outcomes across studies, where it was often difficult to
distinguish between medication-related hospital admissions
and all-cause hospital admissions from the available data,
highlighting the need for improved standardised outcome
reporting in future studies to enable more precise synthesis
of medication safety interventions.

5 Conclusion

The evidence from this review supports the benefits of
organisational and structural interventions to reduce medi-
cation errors with respect to the number of hospital admis-
sions, but not with respect to patients admitted to hospital,
number of ED visits and mortality. However, there was no
evidence supporting the benefits of professional interven-
tions on any of the outcome measures.

Further large well-designed studies exploring the inter-
ventions that involve healthcare professionals (nurse, phy-
sician or pharmacist) are required with longer time frames
(more than 12 months). Further, a focus on high-risk par-
ticipants/therapies would also help, in addition to including
patient-specific outcomes and outcomes related to error rates
and AEs.
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