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The effectiveness and cost of integrating e

pharmacists within general practice to optimize
prescribing and health outcomes in primary
care patients with polypharmacy: a systematic
review
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Abstract

Background Polypharmacy and associated potentially inappropriate prescribing (PIP) place a considerable burden
on patients and represent a challenge for general practitioners (GPs). Integration of pharmacists within general prac-
tice (herein‘pharmacist integration’) may improve medications management and patient outcomes. This systematic
review assessed the effectiveness and costs of pharmacist integration.

Methods A systematic search of ten databases from inception to January 2021 was conducted. Studies that evalu-
ated the effectiveness or cost of pharmacist integration were included. Eligible interventions were those that targeted
medications optimization compared to usual GP care without pharmacist integration (herein ‘usual care’). Primary
outcomes were PIP (as measured by PIP screening tools) and number of prescribed medications. Secondary out-
comes included health-related quality of life, health service utilization, clinical outcomes, and costs. Randomised
controlled trials (RCTs), non-RCTs, interrupted-time-series, controlled before-after trials and health-economic studies
were included.

Screening and risk of bias using Cochrane EPOC criteria were conducted by two reviewers independently. A narrative
synthesis and meta-analysis of outcomes where possible, were conducted; the certainty of evidence was assessed
using the Grading of Recommendations, Assessment, Development and Evaluation approach.

Results In total, 23 studies (28 full text articles) met the inclusion criteria. In ten of 11 studies, pharmacist integra-
tion probably reduced PIP in comparison to usual care (moderate certainty evidence). A meta-analysis of number of
medications in seven studies reported a mean difference of -0.80 [-1.17,-0.43], which indicated pharmacist integration
probably reduced number of medicines (moderate certainty evidence). It was uncertain whether pharmacist integra-
tion improved health-related quality of life because the certainty of evidence was very low. Twelve health-economic
studies were included; three investigated cost effectiveness. The outcome measured differed across studies limiting
comparisons and making it difficult to make conclusions on cost effectiveness.
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pharmacist integration.
Trial registration CRD42019139679.

Medication review

Conclusions Pharmacist integration probably reduced PIP and number of medications however, there was no clear
effect on other patient outcomes; and while interventions in a small number of studies appeared to be cost-effective,
further robust, well-designed cluster RCTs with economic evaluations are required to determine cost-effectiveness of

Keywords Polypharmacy, Potentially inappropriate prescribing, Primary care, Systematic review, Clinical pharmacist,

Background

Polypharmacy places a considerable burden on both
patients and health care providers through an increased
risk of PIP, increased treatment burden, adverse out-
comes, and medication-related hospitalizations [1].
Polypharmacy is typically defined as using five or more
regular medications [2]. A recent systematic review esti-
mated PIP prevalence in primary care to be 33%, with 7%
to 17% of all adverse outcomes related to older persons in
primary care [3]. Various interventions have been trialled
to improve medications optimization, including address-
ing polypharmacy, PIP and deprescribing (the process of
withdrawal, including dose reduction, of an inappropri-
ate medication, supervised by a healthcare professional
[4]) with mixed effects being reported [5-7]. Interven-
tions with organizational (pharmacist supported inter-
ventions), professional and multifaceted approaches may
provide modest benefits [5].

While strategies for pharmacist interventions have
been found to have a positive effect on medication-
related problems in hospital and nursing home settings
[8, 9], the evidence base for pharmacist interventions
within the general practice or primary care settings is
varied. Barriers have been identified that reduce the
ability of community pharmacists to deliver the most
effective care to patients and support GPs; these barri-
ers include lack of integration with the general practice
team, time restrictions, poor interprofessional commu-
nication, lack of access to patients’ medical histories and
health policies which discourage collaborative agree-
ments within primary care settings [10]. Therefore, one
strategy to address these issues may be pharmacist inte-
gration within the general practice team either by co-
location (herein ‘co-located integration’) or remotely. The
pharmacist may not be present in the same geographical
location as the GP but based in a community pharmacy
and integrated in terms of a formal pathway for commu-
nication of medication review issues with the GP (herein
‘remote integration’).

Co-located integration of pharmacists has been shown
to deliver a range of non-dispensing interventions, with
medication management reviews being a primary activ-
ity [11]. Systematic reviews have reported mixed effects

for these interventions on medications optimization out-
comes such as level of PIP and deprescribing of inappro-
priate medications [12, 13]. However, the PINCER trial in
the UK demonstrated that such interventions were effec-
tive at reducing medication-related errors [14]. Pharma-
cist integration may also reduce GP workload directly
through supports for medication-related administration
and management, medications reconciliation follow-
ing hospital discharge and indirectly though reducing
medication related adverse events leading to emergency
department attendance and hospitalizations [15]. Issues
surrounding heterogeneity, study quality and missing
data, make conclusions about the effectiveness of inter-
ventions difficult to draw [13].

The evidence base to determine whether such inter-
ventions are cost effective also requires further study
[12]. The association between polypharmacy and adverse
drug events (ADEs) gives rise to substantial costs to
both the healthcare system/health service and patients
[16]. An estimated 237 million medication errors occur
annually in England, with approximately 38% occurring
in primary care. Avoidable ADEs resulted in an esti-
mated £96,462,582 cost to the National Health Service
(NHS) in 2018 [17]. Where interventions in hospital set-
tings involving pharmacist and physician collaboration
can result in cost-avoidance [18], there is little evidence
regarding cost-effectiveness within general practice and
the primary care setting.

Previous reviews of pharmacist interventions focused
solely on co-located integration [12, 13, 15, 19]. This
paper systematically updated this evidence and reviewed
the literature on the effectiveness and cost of pharmacist
integration, to improve prescribing practices and health
outcomes for adult patients with polypharmacy in the
primary care setting. A secondary aim was to explore and
report the domains of integration for these interventions.

Methods

This systematic review was conducted using Cochrane
methodology [20] and reported using the Preferred
Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [21]. The review was
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registered on Prospero and a peer-reviewed protocol
was published [22].

Data sources and search strategy

An electronic database search was conducted in 10
databases (PubMed, Cochrane Library, Cochrane Cen-
tral Register of Controlled Trials, EMBASE, Web of
Science, SCOPUS, Lilacs and CINAHL) from incep-
tion to end of January 2021 using a combination of free
text terms, keywords and Medical Subject Headings
(MeSH). No language or date restrictions were applied
(see Additional file 1).

The systematic literature search for the health-eco-
nomic studies was conducted in NHS Economic Evalu-
ations Database (NHS EED) and the Health Technology
Assessment (HTA) database, and an economic filter was
applied to both PubMed and EMBASE. A combination of
free text terms, keywords and MeSH terms were applied
as above.

Eligibility criteria
Studies were included if they met the following inclusion
criteria:

Participants
Community dwelling patients aged 18 years and over
in the primary care setting with polypharmacy. Studies
had to have a majority of patients (>80%) identified as
having polypharmacy (using any definition). Only stud-
ies conducted in the primary care setting were included.
The definition of primary care for this review was; “inte-
grated, easy to access, health care services by clinicians
who are accountable for addressing a large majority of
personal health care needs, developing a sustained and
continuous relationship with patients, and practicing in
the context of family and community” [23].

Pharmacists involved in medications optimization
roles and co-located or remotely integrated. Pharmacist
interventions in a nursing home, secondary or tertiary
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care setting were excluded. Domains of integration were
adapted from the framework defined by Walshe and
Smith [24], with definitions drawing on a previous sys-
tematic review [19], as shown in Table 1. These agreed
definitions were that four to six domains of integration
indicate robust integration, two to three domains indi-
cate moderate integration, and one domain of integration
indicates the minimum level of integration.

Intervention

‘Pharmacist integration’ defined as all types of interven-
tions targeted at patient or prescriber behaviours involv-
ing a pharmacist aiming to optimize medications for
patients in a primary care setting were considered for
inclusion. The relationship between the pharmacist and
the GP could be conducted by co-located integration or
by remote integration providing the relationship contin-
ued for the duration of the intervention.

Control
Usual GP care that did not include pharmacist
integration.

Study design

As per the Cochrane Effective Practice and Organisa-
tion of Care (EPOC) study design criteria for effects of
interventions [25], we included randomised controlled
trials (RCTs), cluster RCTs (cRCTs) non-randomised
controlled trials (nRCTs), controlled before-after studies
(CBA) and interrupted time series (ITS) studies. Health-
economic studies including comparative resource use
studies and health-economic evaluations (cost-effective-
ness analysis, cost-utility analysis, cost-minimization
analysis, and cost—benefit analysis) were also eligible for
inclusion.

Outcomes
The primary outcomes for this review included:

Table 1 Description of integration domains by Walshe and Smith [19]

Dimension Definition

Organizational
the same network

Informational

Pharmacist is physically co-located with the GP or, the intervention is remote but encompassed within

Integration and access to clinical patient systems

Capture of other actions taken by pharmacists integrated within GP settings such as medications

Design of intervention in terms of shared goals and visions of activities involved and desired outcomes

Clinical Care delivery to patients and communication with GPs
Functional
education or administrative support
Normative
Financial

Financial implications from internally funded pharmacist interventions
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« PIP or high risk prescriptions as reported by included
studies. Studies reported potentially inappropriate
or high risk prescriptions using screening tools such
as; Screening Tool of Older Person’s Prescriptions /
Screening Tool to Alert doctors to Right Treatment
(STOPP/START) and Beers criteria (explicit criteria),
or the Medications Appropriateness Index (MAI),
Prescribing Appropriateness Index and Drug Burden
Index (DBI) (implicit criteria).

+ The per-patient number of medications prescribed
and change in the number of medications prescribed
as reported by included studies. The definition var-
ied across studies (e.g. some may use the number
of repeat medications), however where possible we
used the number of medications including acute and
repeat prescribed medications.

Secondary outcomes included:

« Health-related quality of life (HRQoL)

+ Adverse events or harms

» Health service utilization

« Clinical physical outcomes

+ Mental health outcomes

» Comparative resource use, costs and cost-effective-
ness

Study selection and data extraction

Citations were downloaded to Endnote [26] and
duplicates removed. Titles were screened for clearly
ineligible studies by one researcher (AC). Remain-
ing titles and abstracts were independently screened
using Rayyan SoFtware [27], by at least two of the
three members of the review panel (AC, OJ and
KC). Full text suitability for inclusion was indepen-
dently determined by two researchers (AC and KC).
Disagreement was managed by consulting a third
reviewer (FM).

Data were extracted by two reviewers (AC and KC) on
name of first author, year of publication, country of pub-
lication, study setting; study population and participant
demographics, intervention details and design includ-
ing framework of integration elements, control, setting
details, and outcomes.

Data synthesis
Interventions were assessed for the six dimensions of
integration dichotomously (yes/no).

Due to the heterogeneity relating to the wide variation
in participants, interventions and outcomes assessed, the
main synthesis of the results is presented narratively. A
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meta-analysis using inverse variance with random effects
statistical models for continuous variables with mean
difference effect measures was conducted for one of the
primary outcomes, number of medications, using data
from eligible RCTs only. Heterogeneity was assessed
using the I? statistic, the percentage of variability in the
estimates due to heterogeneity, and interpreted as per the
Cochrane Handbook, 0% to 40%: might not be impor-
tant; 30% to 60%: may represent moderate heterogene-
ity; 50% to 90%: may represent substantial heterogeneity;
75% to 100%: considerable heterogeneity [20].

Subgroup analysis was based on location of interven-
tion (co-located vs remote integration) and degree of
polypharmacy. It was not possible to conduct subgroup
analysis based on age of patients given the data presented
in studies.

The costs for health-economic studies were inflated to
2021 prices using the Consumer Price Index (CPI) for
each individual country and converted to euro (where
appropriate) using the purchasing power parity (PPP)
indices by the Organization for Economic Co-operation
and Development (OECD).

Sensitivity analyses for estimates of effect size and
determinants were not assessed owing to limitations in
the data reported for studies.

Risk of bias

The risk of bias in all included effectiveness studies was
assessed by two reviewers (AC and KC) using standard
EPOC criteria [25] including the following domains: allo-
cation (sequence generation and concealment); baseline
characteristics; incomplete outcome data; contamination;
blinding; selective outcome reporting; and other poten-
tial sources of bias. Robvis online SoFtware was used
to generate risk of bias Figs. [28]. The health-economic
studies were assessed for methodological quality using
the Consensus on Health Economic Criteria (CHEC) [29]
list by one reviewer (AC).

Assessing quality of included studies

The certainty of evidence for five critical and important
outcomes was assessed using the Grading of Recom-
mendations Assessment, Development and Evaluation
(GRADE) criteria and GRADEPro SoFtware and judge-
ments are presented in a ‘Summary of findings’ (SOF)
table [30]. The five outcomes assessed were PIP, num-
ber of medications, ADEs, HRQoL and mortality. These
outcomes were selected in accordance with the Core
Outcome Set (COS) for Trials Aimed at Improving the
Appropriateness of Polypharmacy in Older People in Pri-
mary Care [31].
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Results

Search results

A total of 26,887 articles were retrieved up to the end of
January 2021. Full texts of 207 articles were assessed for
eligibility and 28 full texts were included in the system-
atic review (Fig. 1).

Characteristics of included studies

Included studies, participants and outcomes reported

A total of 23 studies were reported across 28 articles.
Seven studies were conducted in North America [32-38],
three in the United Kingdom (UK) [39-41], ten in other
European countries [42-51], and three in New Zealand
or Australia [52—54] (Table 2). The age range of the 23,516
included participants was 1 to 102 years of age (one study
reported ages from 1 to 102, however median age in that
study was 65 years so study was included [39]) and the
number of medications prescribed per person ranged from

Records identified from database searching
(Date of inception-January 2021, n= 26887)

!

Records after duplicates removed
(n = 19035)

Records screened for clearly
ineligible reports (n = 2153)

Identification

A

Records screened
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3 to 27. In addition to the broad review inclusion criteria of
polypharmacy, three studies had further inclusion criteria
relating to high frequency of daily dosing (> 12 doses per
day) and drugs that required monitoring [33, 37, 53]. Two
studies included participants with more than three current
disease states [33, 37] and one study included patients with
50 or more prescriptions filled in the previous year (100%
correlation to 5 or more medications) [35].

Formal training qualifications or requirements for the
pharmacists were outlined in five studies [32, 41, 46, 51, 52],
one study detailed training provided to GPs and pharmacists
by the study team [54] and two studies stated prior experi-
ence of clinical training of pharmacist(s) was required [40,
42].

Three of the 23 studies had cluster randomised designs
[48, 49, 54], 18 studies had an individual patient ran-
domised design, one study had a non-randomised design,
and one adopted a controlled before-after design. Eleven

Records excluded

(n = 16882)

!

Full texts assessed for
eligibility (n = 207)

Full texts included in review

28 papers reporting 23
studies included in the
narrative synthesis

) (o) (o) |

7 studies included in meta-
analysis

Fig. 1 Prisma flow chart for included studies

= —

(n = 16675)

Full texts excluded (n = 179):
Conference abstract (n = 38)
Single condition focus (n = 40)
Based on PICO (n=62)
Wrong study design (n = 16)
Protocol paper (n = 7)
Study ongoing: no results available (n = 7)
Duplicate paper (n = 3)

Excluded following discussion between
reviewers (n = 6) Reasons for exclusion;
wrong study design, single condition focus,
less than 80% of patients with polypharmacy
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studies recorded PIP outcomes [34, 37, 39, 40, 42—-45, 47,
51, 52], and nine studies reported on differences in num-
ber of medications between pharmacist integration and
usual care groups [32, 34, 37, 41, 42, 46—48, 55]. Review
secondary outcomes included 15 studies (16 articles)
which reported on HRQoL; nine studies reported Short
Form 36 Health Survey Questionnaire (SF36) [33, 34, 36,
37, 40, 48, 52—54] and six studies (seven articles) reported
EuroQol-5D (EQ5D) [41, 42, 45, 46, 49, 50, 55]. Five
studies reported on ADEs [35, 37, 45, 50, 54], 10 stud-
ies reported on health service utilization [37, 38, 40—42,
45, 48, 50, 51, 53] and three studies reported on clinical
physical outcomes [33, 37, 43]. No study reported mental
health outcomes. Government bodies, university depart-
ments, or professional bodies funded all studies.

Interventions and comparators

All studies reported a pharmacist conducting a medication
review with patients to optimize prescribing, nine reported
co-located integration [32-35, 37, 39, 40, 51, 53] and 14
studies reported remote integration [36, 38, 41-50, 52, 54].
Intervention duration ranged from 60 days to 24 months.

Eighteen studies compared pharmacist integration
with a comparator described as ‘usual care’ [32-40, 42,
43, 47-51, 53, 54]. In all, ‘usual care’ was considered to
be standard best practice with no pharmacist integration.
Of the 23 included studies, five studies adopted a wait-list
control [41, 44—-46, 52].

Some of the included studies took place in health systems
in which pharmacists have prescribing rights, for example,
in North America and the UK, others did not (New Zea-
land, the Netherlands). In terms of activities undertaken by
the pharmacist, eight studies (five were co-located [32, 39,
40, 42, 53] and three were remotely integrated [44, 47, 54])
involved a chart-based patient review, the results of which
were forwarded to the GP. One of the eight studies involved
both chart-based review and face-to-face medication review
with the patient [40]. One study looked at the impact of a
medication review conducted by a remotely integrated
pharmacist over the telephone [38]. The remaining 13 stud-
ies all involved a face-to-face medication review with the
pharmacist (four were co-located [34, 35, 37, 51] and nine
were remotely integrated [36, 41, 43, 45, 46, 48-50, 52]).

Characteristics of included health-economic studies

Twelve health-economic studies were included in the
review, four were conducted in the US [32, 35, 56, 57], three
were conducted in Spain [55, 58, 59], one was conducted
in multiple EU countries [48], one in the UK [40], one in
Canada [36], one in the Netherlands [51] and one in Aus-
tralia [54]. All health-economic studies were further analy-
ses of 11 primary studies already included in the systematic
review (Table 3). Three studies presented cost-effectiveness
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analyses; two were cost-effectiveness analyses (CEA) [54,
56] and one was a cost-utility analysis (CUA) [55]. One
study presented a cost—benefit analysis [58] and nine studies
detailed cost [32, 35, 36, 40, 48, 51, 57-59].

The age of participants ranged from 25 to 100 years.
Six studies outlined co-located integration [35, 40, 51,
56-58] and five studies (six articles) investigated remote
integration [32, 36, 48, 54, 55, 59]. All studies adopted
a third-party payer perspective. Four studies adopted
a 12-month time horizon [55, 56, 58, 59] and one study
detailed costs for 12 months before and after the inter-
vention [57]. Seven studies did not state a specific time
horizon but outlined that data was collected in line with
intervention duration [32, 35, 36, 40, 48, 51, 54].

Domains of integration in included effectiveness studies
Five studies had robust integration (organizational, infor-
mational, clinical, and financial) [33, 34, 36, 37, 43]. Sev-
enteen studies had moderate integration [32, 35, 38—42,
44-47, 49-54]. One study had a minimum level of inte-
gration [48]. Details of domains of integration associated
with different studies are outlined in Table 2 and summa-
rized in Additional file 2.

Risk-of-Bias Summary

For included RCTs, there was low or unclear risk of bias
(Fig. 2) across the majority of domains. Most studies
however had a high risk of bias in relation to protection
against contamination. The most common issue leading
to a judgement of unclear risk of bias was lack of clarity
around blinding of participants. There was high risk of
bias for all nRCTs due to limitations in randomization
and allocation concealment and a high risk of bias due
to knowledge of allocation across all studies (Fig. 3). The
full risk of bias assessment for all outcomes is available in
Additional file 3.

The full text articles related to health-economic stud-
ies were assessed for risk of bias. The quality was varied
across the included health-economic studies (Fig. 4).
Missing data was an issue across all studies which did
not allow for an estimation of risk of bias in this review.
Uncertainty about the rigour of outcomes reporting and
sensitivity analyses were also noted.

Certainty of the evidence

The outcomes included in the SoF Table include the
review primary outcomes, and important outcomes
identified in the COS which were aligned with the
outcomes of this review (See Table 4). In general, the
majority of included studies were RCTs and as such,
GRADE assessment for certainty of evidence was lim-
ited to that study design [30]. Of the 23 included stud-
ies, 21 were based on an RCT design.
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Random sequence generation

Allocation concealment

Baseline outcome measurements similar

Baseline characteristics similar

Incomplete outcome data

Knowledge of the allocated interventions adequately prevented during the study
Protection against contamination

Selective outcome reporting

Other risks of bias

0% 25% 50% 75% 100%

. Low D Unclear . High

Fig. 2 EPOC Risk of Bias assessment for RCTs
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Fig. 3 EPOC Risk of Bias assessment for nRCTs

Risk of bias
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D1: Is the study population clearly described? Judgement
D2: Are competing alternatives clearly described?
D3: Is a well-defined research question posed in answerable form? . No
D4: Is the economic study design appropriate to the stated objective? - Unclear
D5: Is the chosen time horizon appropriate to include relevant costs
D6: Is the actual perspective chosen appropriate? . Yes

D7: Are all important and relevant costs for each alternative identified?

D8: Are all costs measured appropriately in physical units?

D9: Are costs valued appropriately?

D10: Are all important and relevant outcomes for each alternative identified?

D11: Are all outcomes measured appropriately?

D12: Are outcomes valued appropriately?

D13: Is an incremental analysis of costs and outcomes of alternatives performed?

D14: Are all future costs and outcomes discounted appropriately?

D15: Are all important variables, whose values are uncertain, appropriately subjected to sensitivity analysis?
D16: Do the conclusions follow from the data reported?

D17: Does the study discuss the generalizability of the results to other settings and patient/client groups?
D18: Does the article indicate that there is no potential conflict of interest of study researcher(s) and funder(s)?
D19: Are ethical and distributional issues discussed appropriately?

N/A

Fig. 4 CHEC List for assessing methodological quality of health-economic studies
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Table 4 Summary of Findings table
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The effectiveness and cost of integrating pharmacists within general practice to optimize prescribing and health outcomes in primary care

patients with polypharmacy

Patients or population: Patients over the age of 65 on five or more medications

Settings: Primary care

Intervention: Pharmacist integration to optimise medications and improve patient outcomes

Comparison: Usual care

Outcomes Impact Number of Certainty of
participants the evidence
(Studies) (GRADE)
Potentially inappropriate prescribing  Ten studies favoured pharmacist integration, eight of which dem- 1486 participants ~ ®HDHO°
onstrated signficant changes in favour of the pharmacist integration (10 studies) Moderate
group
Number of medications Mean difference -0.80 [-1.17,-0.43]. Direction of effect of four of the 1176 participants ~ ©®HO*
seven studies favoured pharmacist integration in reducing the num- (7 studies) Moderate
ber of medications prescribed. Confidence intervals for three studies
included zero
Health-related quality of life Unclear effect, the direction of results could not be determined due 4535 participants @066
to the heterogeneity in reported results (15 studies) Very low
Adverse drug events Unclear effect, pharmacist integration tended to reduce the risk of 409 participants HHOO* €
ADEs, two studies reported significant results and two studies did not (4 studies) Low
Mortality No clear effect on mortality 327 participants e’
(2 studies) Low

Text highlighted in bold indicate main headings
GRADE Working Group grades of evidence

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

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

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

Very low =This research does not provide a reliable indication of the likely effect. The likelihood that the effect will be substantially different is very high

a downgrade by one level due to serious concerns relating to risk of bias

b downgrade by one level due to serious concerns relating to inconsistency of results
c downgrade by one level due to serious concerns relating to imprecision of results

d downgrade by two levels due to very serious concerns relating to imprecision of results

The certainty of evidence relating to the impact of
pharmacist integration on PIP was moderate. Studies
were downgraded for serious concerns relating to risk
of bias. The certainty of evidence for number of medi-
cations was moderate due to serious concerns relating
to risk of bias and limited to the seven studies included
in the meta-analysis. The certainty of evidence for
HRQoL was very low due to serious concerns relat-
ing to risk of bias, inconsistency of results and impre-
cision of results. Certainty of evidence for ADEs and
mortality was low due to serious concerns relating to
risk of bias and imprecision of results and very seri-
ous concerns relating to imprecision of results respec-
tively. Economic outcomes were not included in the
SoF table.

Primary Outcomes

Potentially inappropriate prescribing

Eleven of the 23 studies evaluated effects of pharmacist
integration on a range of PIP indicators. Ten were RCTs
with moderate certainty of evidence [34, 37, 40, 42-45,

47, 52]. Heterogeneity in terms of reported outcomes
dictated a narrative synthesis of results. Six of the 11
studies utilised validated screening tools. Three studies
used the MAI [34, 37, 52], two of which [34, 52] reported
significant changes favouring pharmacist integration
(Additional file 4). Two studies reported the Drug Bur-
den Index (DBI) [45, 51] and reported a reduction in the
DBI favouring pharmacist integration, significance not
reported. One study used the STOPP/START criteria
and reported significant improvements in PIP favouring
pharmacist integration [42].

Of the remaining five studies, two studies used a
structural assessment by Cipolle et al. [60] which is
an assessment according to a rational order of indica-
tion, effectiveness, safety and compliance [43, 44], and
three studies used locally defined drug related problems
(DRPs) [39, 40, 47] (Additional file 4). Overall, four of
these five studies reported an improvement in PIP for
pharmacist integration [39, 40, 44, 47] with one study
reporting significantly less pharmaceutical care issues
(PCIs) for pharmacist integration groups in comparison
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to usual care (21.2% and 60.7% respectively, RR, 0.35
(95% CI 0.31 — 0.39)) [40], three studies did not report
significance [39, 44, 47] and one study favoured usual
care [43].

Number of medications

Nine studies reported on per-patient differences in num-
ber of medications at study endpoint (Additional file 5)
[32, 34, 37, 41, 42, 4648, 55]. Direction of effect favoured
pharmacist integration in all but one of the studies. Seven
of these studies could be included in a meta-analysis
(Fig. 5) which indicated pharmacist integration probably
reduced mean number of medications in comparison to
usual care (mean difference -0.80 [95% CI -1.17 to -0.43]).
There was moderate heterogeneity in the reported results
as indicated by the I? statistic of 57%.

Secondary outcomes
HRQolL
Fifteen studies (16 articles) reported on HRQoL, two
studies (three articles) reported some improvement
[49, 53, 55], three reported mixed effects [33, 46, 52]
and 10 studies reported no difference between groups
(Additional file 6) [34, 36, 37, 40—42, 45, 48, 50, 54]. Of
the two that reported an improvement, one study (two
articles) reported a mean difference in utility score (SD)
of 0.0550 (0.01) (95% CI 0.0306 to 0.0794) in favour of
pharmacist integration [49, 55]; and the other reported
significant improvements in mental health and vitality
favouring pharmacist integration but did not provide
data on other domains [53]. Of the three with mixed
effects, one study favoured usual care with reported
improvements in HRQoL in two domains; emotional
role and social functioning but provided no further
data [52]. One study only reported an improvement in
the VAS score [46] and the other study did not report
usual care group data thus an estimate could not be
made [33].

Six of nine studies using the SF36 [34, 36, 37, 40, 48,
54] showed no significant difference between pharmacist

Intervention Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Mean Difference
1V, Random, 95% CI
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integration and usual care across all eight domains. Two
studies reported some mixed effects across the different
SF36 domains [33, 52]. The remaining study reported an
improvement [53]. Four of six studies used the EQ5D and
reported no significant difference between groups at fol-
low-up [41, 42, 45, 50]. The other two studies (three arti-
cles) reported significant differences though in Verdoorn
et al. this was only in the EQ5D VAS and not in the index
score [46, 49, 55].

ADEs

Five studies reported on ADEs (Additional file 7). [35, 37,
45, 50, 54] Overall three studies reported a decrease in
ADEs in the pharmacist integration group versus usual
care, though these were not significant differences. Of the
remaining two studies, one reported improved adverse
effect scores and symptoms in the pharmacist integration
group (p=0.024) [35], and the remaining study reported
no significant difference between groups [50].

Health service utilization & mortality
Ten studies reported on health service utilization (Addi-
tional file 8). [37, 38, 40-42, 45, 48, 50, 51, 53]. Seven
studies reported no significant difference between groups
at follow-up [38, 41, 42, 45, 48, 50, 53]. Of the three
studies which reported a reduction in hospitalizations
associated with pharmacist integration, one reported a
reduction of hospitalizations of 47% in emergency admis-
sions however the reported numbers were deemed too
small for meaningful statistical analysis [40]. The other
two studies reported a reduction in hospitalizations; one
study reported the adjusted rate ratio for medication-
related hospitalizations in the pharmacist integration
group compared to usual care as 0.68 (95% CI 0.57-0.82)
[51]. The remaining study reported a significant differ-
ence in reported hospitalizations over the course of the
intervention (p=0.003) which favoured pharmacist
integration.

Two studies reported on mortality and no effect was
found in either study. [42, 45].

Mean Difference
1V, Random, 95% CI

Britton 1991 8.51 3.54 315 9 3.47 257 16.0%

Campins 2017 10.03 2.52 252 10.91 2.65 251 18.9%
Hanlon 1996 6.9 2.6 105 7.9 3.3 103 11.7%
Leneghan 2007 8.68 2.33 69 10.33 2.33 67 12.1%
Taylor 2003 4.7 2 33 6.2 2 36 9.7%
Verdoorn 2019 9.53 2.8 292 9.97 3.1 295 18.3%
Vinks 2009 8.32 2.5 87 8.4 23 87 13.3%

Total (95% CI) 1153
Heterogeneity: Tau® = 0.14; Chi® = 13.96, df = 6 (P = 0.03); I = 57%
Test for overall effect: Z = 4.22 (P < 0.0001)

Fig. 5 Meta-analysis of number of medications
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Clinical physical outcomes

Three studies reported on clinical physical outcomes
[33, 37, 43]. No significant changes were noted in body
mass index (BMI) or renal function [43]. In one study, all
patients in the pharmacist integration group had interna-
tional normalised ratios (INRs) within the targeted range,
compared with 25% of usual care patients [37] (Additional
file 9). Two studies reported significant improvements in
blood pressure (BP) management which favoured phar-
macist integration [37, 43]. Three studies reported mixed
results for glycaemic control, two reported no effect on
glycosylated haemoglobin (HbAlc) levels [33, 43] and
one reported significantly more patients in the pharma-
cist integration group had achieved their therapeutic goal
[37]. These three studies all reported significant improve-
ment in lipid profiles in the pharmacist integration group
versus the usual care group [33, 37, 43].

Results of economic studies

Twelve health-economic studies were included. Two
studies were CEAs [56]; one was a CUA [55]. The CUA
(cost year 2014, Spanish jurisdiction) reported that the
probability of the medication review with follow-up
(MRF) service being cost effective, compared with usual
care, was 100% when the willingness to pay threshold
ranged from €30,000 to €45,000 per quality adjusted life
year (QALY) (Additional file 10) [55]. One CEA (cost
year 1991, US jurisdiction) reported a cost-effectiveness
incremental ratio of €9.55 per one unit change in MAI
[56]. The second CEA was based on analysis on cost sav-
ings. The incremental cost per ADE avoided was €74.18,
the incremental cost per case of improvement in severity
of illness (as measured by the Duke’s Severity of Illness
Visual Analogue Scale) was €69.88 [54].

Nine studies considered costs [32, 35, 36, 40, 48, 51,
57-59]. Two articles reported on the same study [55, 59],
the CUA [55] as outlined above and the other study (cost
year 2014, Spanish jurisdiction) detailed the costs and
potential price of a (MRF) service and found that mean
initial investment per pharmacy was €5899.92 and mean
annual maintenance costs of €3940.13 [59]. The poten-
tial service price ranged from €304.37 to €806.52 per
patient per year [59]. One study (cost year 2012, Span-
ish jurisdiction) reported a non-significant reduction in
drug expenditure in the pharmacist integration group at
follow-up of €321.43 (95% CI 233.77— 409.79) in com-
parison to usual care €232.94 (95% CI 141.64 — 323.15)
(p=0.171) [58]. The estimated return on investment of
pharmacist integration (control €0 per scenario) ranged
from €2.34 to €3.27 per patient per year based on sen-
sitivity analysis (basal, optimistic, and conservative sce-
narios) [58]. A cost analysis study (cost year 1991, US
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jurisdiction) reported a non-significant difference in
change of mean total costs (cost of clinic visits, medica-
tions, hospitalizations, and laboratory tests) of -€446.36,
p=0.06 [57]. Five further cost analysis studies reported
no difference in costs between pharmacist integration
and usual care groups at follow-up [35, 36, 40, 48, 51].
Two studies reported no significant difference between
pharmacist integration and usual care in relation to
healthcare utilization costs [36, 51]. One study reported
that total cost savings in the pharmacist integration group
of €287.93 was significantly higher than the increase of
€1295.93 cost observed in the usual care group (pharma-
cist integration total cost avoidance €1588.39) [32].

Sub-group analysis of primary outcomes

Subgroup analysis was based on location of interven-
tion (remote vs co-located integration) and degree of
polypharmacy. For PIP, six of the studies investigated
remote integration and five investigated co-located inte-
gration. All of the studies that examined remote inte-
gration favoured pharmacist integration [42-45, 47,
52]; one reported a non-significant improvement in the
pharmacist integration group [45], the other five stud-
ies reported significant changes favouring pharmacist
integration. Of the co-located integration studies, 80%
favoured the pharmacist integration group [34, 37, 39,
40] and 20% reported mixed results [51]. Overall, studies
that investigated remote integration favoured pharmacist
integration more than those that investigated co-located
integration.

Subgroup analysis based on the degree of polyphar-
macy found that for per-patient number of medications,
six studies investigated remote integration [41, 42, 46—
48, 55] and three studies investigated co-located inte-
gration [32, 34, 37]. Of the six studies that investigated
remote integration, 83.3% favoured pharmacist integra-
tion for reducing number of medications [41, 42, 46, 47,
55] and 16.7% found no difference between pharmacist
integration and usual care groups [48]. All studies that
investigated co-located integration favoured pharmacist
integration group for reducing the number of medica-
tions. Both co-located and remote integration demon-
strated a mix of significant and non-significant results
which makes estimation of effect difficult.

Discussion

This review identified 23 studies of the effectiveness
of pharmacist integration and eleven of the effective-
ness studies reported a health-economic study, with
four reported separately in five publications. Across the
included studies, there was heterogeneity in terms of
medications optimization interventions and health out-
comes reported. Overall, ten of 11 studies reporting on
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PIP outcomes reported pharmacist integration probably
reduced PIP (moderate certainty evidence), however one
study favoured usual care. A meta-analysis of seven RCTs
showed that pharmacist integration can probably reduce
the number of medications a patient is prescribed in
comparison to usual care (moderate certainty evidence).

Overall, our findings indicate that pharmacist integra-
tion may improve patient medications management,
but it is uncertain if pharmacist integration improves
HRQoL as the certainty of evidence is very low. The
majority of included studies reported a decrease in PIP
or drug-related problems, a small reduction in the num-
ber of medications and a potential reduction in ADEs. All
interventions in the 23 included studies involved medica-
tion review, only one study included an additional inter-
vention aimed at quality improvement in the practice
[51]. Our stated inclusion criteria did not stipulate this,
although it does logically follow that pharmacist inter-
ventions would follow a medication review model given
their area of expertise. Patients with polypharmacy are
at an increased risk of PIP and ADEs and medication
review offers a structure by which these elements can be
identified and addressed where appropriate. All studies
demonstrated a degree of integration, the majority dem-
onstrated moderate integration across three domains, the
most common being organizational, informational, and
clinical [32, 35, 38-42, 44—47, 49-54].

Our review findings are in keeping with previous
broader systematic reviews, which suggest that pharma-
cist integration probably reduces the number of medica-
tion-related problems and improves appropriateness of
prescribing [5, 13, 14, 61]. Previous studies have reported
conflicting data in terms of the effect of pharmacist inte-
gration on the number of medications [13]. This cur-
rent review found that pharmacist integration probably
resulted in a reduction in the number of medications
prescribed; this correlates with some published stud-
ies [62—64] and conflicts with others [13] which looked
at co-located integration only. Medication count is often
used to evaluate the effectiveness of prescribing interven-
tions [65]. However, this measure may be insensitive to
medication changes over time [66]. This is particularly
the case where pharmacist interventions may reasonably
increase, as well as decrease medication count. Included
studies used a variety of screening tools, some were vali-
dated tools such as the MAI and STOPP/START criteria
and some were locally defined DRPs and pharmaceuti-
cal care issues (PCIs). It is likely that many of the crite-
ria used in validated screening tools overlapped with the
locally defined protocols. PIP is identified using a variety
of implicit and explicit screening tools with the aim of
reducing medication harms. A retrospective cohort study
identified a 20% reduction in potentially inappropriate
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medications (PIMs) following pharmacist intervention
[64] and evidence from other reviews would suggest that
pharmacist interventions targeting PIP may be associated
with an improvement in prescribing appropriateness [67]
which agrees with the positive trend found in this review.

We based our main outcomes as reported in the
GRADE SofF tables, on the COS [31] designed by Rankin
et al. The COS is a valuable tool in providing a structure
for PIP to be measured in a more consistent manner
across studies and enables more robust analysis of avail-
able evidence. Given the heterogeneity of outcomes and
outcomes measures, reported in this review, more robust
evidence is required, and though our review suggests a
positive impact, this is based on moderate certainty evi-
dence. Although COSs refer to the importance of assess-
ment of appropriateness, using a screening tool like
STOPP or MAI, there was heterogeneity found in terms
of the screening tools used and reporting of results in this
review which resulted in less robust evidence.

Consistent with current evidence [68, 69] it was
uncertain whether pharmacist integration improved
HRQoL as measured by the SF36 and EQ5D (very low
certainty evidence). These measures might not be the
most sensitive to the changes in HRQoL that improved
medication management may produce. The length of
follow-up of included studies may not have been suf-
ficient for the effects of pharmacist integration on
HRQoL to manifest. Nonetheless, HRQoL is an impor-
tant outcome to consider, highlighted by its inclusion
in the COS for interventions relating to polypharmacy
[31] and it is also necessary to support economic evalu-
ations. The quality of evidence in the trials reporting
on HRQoL was very low with critical data needed for
determining risk of bias often missing as has been pre-
viously reported [13, 15, 67].

Our review suggested that co-located or remote inte-
gration likely caused no harm. Interventions were
shown to either decrease hospitalizations and emer-
gency admissions or reported no differences between
pharmacist integration and usual care and no effect was
shown on mortality. However, most studies would have
been underpowered to detect rarer adverse outcomes,
one study reported ADEs as a primary outcome [37] but
no power calculation was reported which likely meant
that outcomes reported were underpowered. The find-
ings of our review regarding ADEs and harm are con-
sistent with evidence provided by previous studies [12].
One RCT examined the effect of a monitoring plan for
medication-related ADEs, which resulted in a decrease in
delirium, hospitalization and mortality in the care home
setting [70]. Other studies have reported multifaceted
approaches may reduce PIP [5] whilst others reported
uncertainty surrounding reducing PIP [6]. There is a
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paucity of evidence in relation to the effect of pharmacist
integration on ADEs in the general practice and primary
care settings as most are conducted in the secondary
or care home settings. While we found no evidence of
harms as a result of pharmacist integration, this must be
interpreted with a degree of caution.

Previous reviews have suggested that pharma-
cist integration can have positive impacts on clini-
cal outcomes with one systematic review reporting a
significant reduction in HbAlc between pharmacist
integration and usual care (mean difference —0.88%,
95% CI—1.15% to — 0.62%, p <0.001) [12]. The current
review found mixed effects on HbAlc levels. Results
for interventions on dyslipidaemias indicate significant
improvements in lipid profiles which is in agreement
with previous systematic reviews [71]. Similarly, for
BP measurements, pharmacists can improve achieve-
ment of target levels, however a previous review found
mixed results [72].

The majority of studies involved remote integration
[36, 38, 41-50, 52, 54], although results were consist-
ent with those that were co-located. Previous studies
have found that the extent of pharmacist integration
positively influences patient care, this review found that
full integration is not required for positive patient out-
comes, however this is likely influenced by the fact that
even in the remote interventions there were clear struc-
tures for pharmacist and GP follow-up and face-to-face
communications [19].

There was substantial heterogeneity in the types,
results, and quality of included economic evaluations
as shown in the risk of bias assessment as set out by
the CHEC criteria. While nine studies considered costs
and outcomes [32, 35, 36, 40, 48, 51, 57-59], two stud-
ies reported intervention cost-effectiveness [54, 56] and
a third considered a CUA [55]. There was insufficient
evidence in this review to determine whether pharmacist
integration is cost-effective. Other studies have reported
that interventions delivered at community pharmacies
for adults with or at risk of developing acute illness and
medical emergencies appear to be cost effective [73]. Six
studies reported non-significant cost differences with
pharmacist integration [35, 36, 40, 48, 51, 57], however
costing studies are a useful tool when planning for ser-
vice provision with one study reporting significant cost
savings [32]. The CUA reported 100% willingness to pay
between €30,000/QALY and €45,000/QALY, the upper
limit of which is comparable to a threshold used by the
health payer in Ireland within the drug-reimbursement
decision making processes. However, transferability of
this CUA to Ireland has not been investigated. Cost-effec-
tiveness evaluations are generally not transferable across
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jurisdictions given differing methodological require-
ments and decision-making criteria [74].

Strengths and limitations

This systematic review involved a comprehensive search
of databases with the search design being aided by
expert librarians. We included remote and co-located
interventions to get a comprehensive overview of
interventions where the pharmacist and the GP work
together to improve medications management and
patient outcomes. No language limits were applied to
ensure that all relevant studies were captured during the
search process. While the analyses were predominantly
narrative, there were sufficient data in the included
studies to allow for a meta-analysis of the impact of
pharmacist integration on the number of per-patient
medications prescribed. The outputs of the meta-analy-
sis should be interpreted with caution given the hetero-
geneity in interventions and health-care settings in the
included studies.

This review included RCTs and other quasi-experimen-
tal designs in line with EPOC criteria, which ensured we
only included robust study designs as smaller uncon-
trolled studies produce unreliable estimates of effective-
ness. No contact was made with included study authors
to resolve unclear information when judging risk of bias
which may have led to some studies being downgraded.
Baseline imbalances and a lack of allocation conceal-
ment could have had significant impacts on reported
outcomes.

Implications for practice and future research

This review provides further evidence to inform policy in
this area. Co-located or remotely integrated pharmacists
probably improve PIP and reduce the number of per-
patient medications. The heterogeneity of roles reported
in this review outline how flexible the pharmacist role can
be within practice. Results highlighted that pharmacists
conducting medication reviews can have an impact by
identifying PIP and reducing treatment burden through
the reduction in the number of regular medications.
This review suggests that pharmacist integration can also
involve practice audits and patient and prescriber educa-
tion. Pharmacists may help ease the time burden on other
clinicians in relation to chronic disease management by
modifying patient medication regimens as appropriate
and ordering required laboratory tests for monitoring.

In line with the findings of other studies, we concluded
that further high-quality economic evaluations should
be conducted alongside interventional trials. There is
some existing evidence to suggest that pharmacist inter-
ventions are cost effective in the primary care setting
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[73] but we did not find sufficient economic analyses to
support this. The lack of certainty around cost effective-
ness poses a barrier for policy maker making decisions
on implementing such roles. Evidence suggests that
pharmacist integration may positively impact clinical
outcomes but this is based on a small number of studies.

A cluster RCT study design should be considered to
reduce the risk of bias in future studies where interven-
tions are targeting health professionals providing care for
both pharmacist integration and usual care patients [75].
Future studies involving pharmacist integration should be
powered to assess patient-reported and clinical outcomes,
particularly for adverse events and harms. To reduce het-
erogeneity future studies should report on standardised
outcomes, using the COS developed by Rankin et al. [31].
Currently, as there are no standardised approaches to
outcome measurement, synthesising the evidence is chal-
lenging owing to the heterogeneity of reporting.

Conclusions

This review found that pharmacist integration prob-
ably reduces PIP and number of medications (moder-
ate certainty evidence). Pharmacist integration may
reduce ADEs (low certainty evidence) and make little or
no difference to mortality (low certainty evidence) and
reported uncertainty whether HRQoL improves (very
low certainty evidence). Larger and longer term studies
may be needed to explore the impact of pharmacist inte-
gration on patient health outcomes, healthcare utiliza-
tion and costs.

Abbreviations

ARR Absolute risk reduction

ADEs Adverse drug events

ATC Anatomical therapeutic chemical

BP Blood pressure

BMI Body mass index

EPOC Cochrane effective practice and organisation of care

cl Confidence intervals

CHEC Consensus on health economic criteria

CPI Consumer price index
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Cos Core outcome set

CEA Cost-effectiveness analysis

CUA Cost-utility analysis

DBI Drug burden index

DRPs Drug related problems
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HR Hazard ratio

HTA Health technology assessment

HRQoL Health-related quality of life
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MeSH Medical subject headings

MRF Medication review with follow-up

MAI Medications appropriateness index
MRP Medication-related problem

MTM Medications therapeutic management
MDT Multi-disciplinary team

NHS National health service

NHS EED NHS economic evaluations database
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NNT Number needed to treat

OECD Organization for economic co-operation and development

PROMs Patient reported outcome measures

PCls Pharmaceutical care issues

PDTP Potential drug therapy problem

PIMs Potentially inappropriate medications

PIP Potentially inappropriate prescribing

PRISMA Preferred reporting items for systematic reviews and
meta-Analyses

PCT Primary care trust

PPP Purchasing power parity

QALY Quiality adjusted life year

RCTs Randomised controlled trials

STOPP/START Screening tool of older person’s prescriptions / Screening
tool to alert doctors to right treatment

SF36 Short form 36 health survey questionnaire

SOF Summary of findings’

UK United Kingdom

VAS Visual analogue scale

Supplementary Information

The online version contains supplementary material available at https://doi.
org/10.1186/512875-022-01952-z.

Additional file 1. PubMed search strategy; sample search
Additional file 2. Domains of integration; summary table

Additional file 3. RoB Assessment for individual outcomes and health-
economic studies; 1. PIP, 2. Number of medications, 3. HRQoL, 4. ADRs, 5.
Mortality, 6. CHEC list for health-economic studies

Additional file 4. Medication related problems; summary of studies
which evaluated PIP

Additional file 5. Difference in number of medications; summary of stud-
ies that evaluated number of medications

Additional file 6. HRQol; summary of studies that evaluated HRQoL
using SF36 and EQ5D

Additional file 7. Change in reported ADEs; summary of studies that
evaluated ADEs

Additional file 8. Health service utilization; summary of studies that
evaluated health service utilisation

Additional file 9. Clinical physical outcomes; summary of studies that
evaluated clinical physical outcomes

Additional file 10. Health-economic studies; summary of results of
included health-economic studies

Acknowledgements

Paul J Murphy MLIS, Information Specialist, Royal College of Surgeons Ireland
Library, 26 York Street, D02 YN77. Advised on search strategies.

Grainne McCabe, Scholarly Communications & Research Support Officer,
Royal College of Surgeons in Ireland Library, 26 York Street, D02 YN77. Advised
on search strategies. Oscar James, Research Assistant. Completed title and
abstract review.

Author’s contributions
AC conceived of the idea for the systematic review, designed the review,
conducted the review, drafted the work, approved the submitted version


https://doi.org/10.1186/s12875-022-01952-z
https://doi.org/10.1186/s12875-022-01952-z

Croke et al. BMC Primary Care (2023) 24:41

and agreed to be personally accountable for their own contributions. KC
conducted acquisition and analysis of data, approved the submitted ver-
sion and agreed to be personally accountable for their own contributions.
BC was involved in review design, interpretation of data, revised the work,
approved the submitted version and agreed to be personally accountable
for their own contributions. FM was involved in review design, interpretation
of data, revised the work, approved the submitted version and agreed to
be personally accountable for their own contributions. LMcC interpretated
data, revised the work, approved the submitted version and agreed to

be personally accountable for their own contributions. SMS was involved
in review design, interpretation of data, revised the work, approved the
submitted version and agreed to be personally accountable for their own
contributions.

Funding

This research was funded by the Health Research Board Ireland (Grant refer-
ence HRB CDA 2018 Reference CDA-2018-003). The funders had no role in
study design, data collection and analysis, decision to publish, or preparation
of the manuscript.

Availability of data and materials

The datasets supporting the conclusions of this article are included in its addi-
tional files and are available in the Open Science Framework repository, The
effectiveness and cost-effectiveness of integrating pharmacists within general
practice to optimise prescribing and health outcomes in primary care patients
with polypharmacy: A systematic review. Extended Data. [DOI 10.17605/OSF.
IO/RSWIT, https://doi.org/10.17605/OSFIO/RSWJT]. This project contains

the following extended data: PubMed Search Strategy for Effectiveness of
integrating pharmacists within general practice systematic review.docx
(PubMed search strategy) Data extraction pilot template, Risk of Bias tables,
GRADE Assessment Sheets, Data extraction sheets, PRISMA checklist for“The
effectiveness and cost-effectiveness of integrating pharmacists within general
practice to optimise prescribing and health outcomes in primary care patients
with polypharmacy: A systematic review.” Data are available under the terms
of the Creative Commons Attribution 4.0 International Public License (CC-By
Attribution 4.0 International).

Declarations

Ethics approval and consent to participate
Not applicable.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Author details

'Department of General Practice, RCSI University of Medicine and Health
Sciences, Dublin, Ireland. 2Health Information and Quality Authority, Dublin,
Ireland. 3School of Pharmacy and Biomolecular Sciences, RCSI University

of Medicine and Health Sciences, Dublin, Ireland. “National Centre for Phar-
macoeconomics, St James's Hospital, Dublin, Ireland. *Department of Phar-
macology and Therapeutics, Trinity College Dublin, Dublin, Ireland. °Discipline
of Public Health and Primary Care, Trinity College Dublin, Dublin, Ireland.

Received: 18 March 2022 Accepted: 21 December 2022
Published online: 06 February 2023

References

1. PerezT, Moriarty F, Wallace E, McDowell R, Redmond P, Fahey T. Preva-
lence of potentially inappropriate prescribing in older people in primary
care and its association with hospital admission: longitudinal study. BMJ.
2018,363: k4524.

2. Masnoon N, Shakib S, Kalisch-Ellett L, Caughey GE. What is polyphar-
macy? A systematic review of definitions. BMC Geriatr. 2017;17(1):230.

20.

21.

22.

Page 28 of 30

Liew TM, Lee CS, Goh SKL, Chang ZY.The prevalence and impact of
potentially inappropriate prescribing among older persons in primary
care settings: multilevel meta-analysis. Age Ageing. 2020;49(4):570-9.
Reeve E, Gnjidic D, Long J, Hilmer S. A systematic review of the emerg-
ing de fi nition of “deprescribing” with network analysis: implica-

tions for future research and clinical practice. Br J Clin Pharmacol.
2015;80(6):1254-68.

Clyne B, Fitzgerald C, Quinlan A, Hardy C, Galvin R, Fahey T, et al. Interven-
tions to Address Potentially Inappropriate Prescribing in Community-
Dwelling Older Adults: A Systematic Review of Randomized Controlled
Trials. J Am Geriatr Soc. 2016;64(6):1210-22.

Rankin A, Cadogan CA, Patterson SM, Kerse N, Cardwell CR, Bradley

MC, Ryan C, Hughes C. Interventions to improve the appropriate use of
polypharmacy for older people. Cochrane Database Syst Rev. 2018 Sep
3,9(9):CD008165.

Smith SM, Wallace E, Clyne B, Boland F, Fortin M. Interventions for improv-
ing outcomes in patients with multimorbidity in primary care and com-
munity setting: a systematic review. Syst Rev. 2021;10(1):271.

Skjot-Arkil H, Lundby C, Kjeldsen LJ, Skovgards DM, Almarsdottir AB,
Kjolhede T, et al. Multifaceted Pharmacist-led Interventions in the
Hospital Setting: A Systematic Review. Basic Clin Pharmacol Toxicol.
2018;123(4):363-79.

Alldred DP, Kennedy MC, Hughes C, Chen TF, Miller P. Interventions to
optimise prescribing for older people in care homes. Cochrane Database
Syst Rev. 2016 Feb 12;2(2):CD009095.

Edmunds J, Calnan MW. The reprofessionalisation of community
pharmacy? An exploration of attitudes to extended roles for community
pharmacists amongst pharmacists and General Practioners in the United
Kingdom. Soc Sci Med. 2001;53(7):943-55.

. Sudeshika T, Naunton M, Deeks LS, Thomas J, Peterson GM, Kosari S.

General practice pharmacists in Australia: A systematic review. PLoS ONE.
2021;16(10): €0258674.

Tan EC, Stewart K, Elliott RA, George J. Pharmacist services provided in
general practice clinics: a systematic review and meta-analysis. Res Social
Adm Pharm. 2014;10(4):608-22.

Hasan Ibrahim AS, Barry HE, Hughes CM. A systematic review of general
practice-based pharmacists’services to optimize medicines manage-
ment in older people with multimorbidity and polypharmacy. Fam Pract.
2021;38(4):509-23.

Avery AJ, Rodgers S, Cantrill JA, Armstrong S, Cresswell K, Eden M, et al.

A pharmacist-led information technology intervention for medication
errors (PINCER): a multicentre, cluster randomised, controlled trial and
cost-effectiveness analysis. Lancet. 2012;379(9823):1310-9.

Hayhoe B, Cespedes JA, Foley K, Majeed A, Ruzangi J, Greenfield

G. Impact of integrating pharmacists into primary care teams

on health systems indicators: a systematic review. Br J Gen Pract.
2019;69(687):e665-74.

Hedna K, Hakkarainen KM, Gyllensten H, Jonsson AK, Petzold M, Hagg S.
Potentially inappropriate prescribing and adverse drug reactions in the
elderly: a population-based study. Eur J Clin Pharmacol. 2015;71(12):1525-33.
Elliott RA, Camacho E, Jankovic D, Sculpher MJ, Faria R. Economic analysis
of the prevalence and clinical and economic burden of medication error
in England. BMJ Qual Saf. 2021;30(2):96-105.

Dalton K, Byrne S. Role of the pharmacist in reducing healthcare costs:
current insights. Integr Pharm Res Pract. 2017;6:37-46.

Hazen ACM, de Bont AA, Boelman L, Zwart DLM, de Gier JJ, de Wit NJ,

et al. The degree of integration of non-dispensing pharmacists in primary
care practice and the impact on health outcomes: A systematic review.
Res Social Adm Pharm. 2018;14(3):228-40.

Higgins JPT GSe. Cochrane Handbook for Systematic Reviews of Interven-
tions. The Cochrane Collaboration2011. Available from: http://handbook.
cochrane.org.

Moher D, Liberati A, Tetzlaff J, Altman DG; PRISMA Group. Preferred
reporting items for systematic reviews and metaanalyses: the PRISMA
statement. BMJ. 2009;339:b2535.

Croke A, James O, Clyne B, Moriarty F, Cardwell K, Smith SM. The
effectiveness of integrating clinical pharmacists within general practice
to optimise prescribing and health outcomes in primary care patients
with polypharmacy: A protocol for a systematic review. HRB Open Res.
2019;2:32.


http://handbook.cochrane.org
http://handbook.cochrane.org

Croke et al. BMC Primary Care

23.

24.

25.

26.
27.

28.

29.

30.

31

32.

33

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

(2023) 24:41

Smith SM, Wallace E, O'Dowd T, Fortin M. Interventions for improving out-
comes in patients with multimorbidity in primary care and community
settings. Cochrane Database Syst Rev. 2016;3:CD006560.

Walshe, Smith. Chronic disease and integrated care. Healthcare Manage-
ment (second ed.), McGraw-Hill Education (2011).

Cochrane Effective Practice and Organisation of Care (EPOC). EPOC
Resources for review authors, 2017. Available at: epoc.cochrane.org/
epoc-resources-review-authors.

The EndNote Team. EndNote. EndNote X9 ed. Philadelphia: Clarivate
Analytics; 2013.

Ouzzani M, Hammady H, Fedorowicz Z, Elmagarmid A. Rayyan-a web and
mobile app for systematic reviews. Syst Rev. 2016;5(1):210.

McGuinness, LA, Higgins, JPT. Risk-of-bias VISualization (robvis): An R
package and Shiny web app for visualizing riskof-bias assessments. Res
Syn Meth. 2020;1-7.

Evers S, Goossens M, de Vet H, van Tulder M, Ament A. Criteria list for
assessment of methodological quality of economic evaluations: Con-
sensus on Health Economic Criteria. Int J Technol Assess Health Care.
2005;21(2):240-5.

Schiinemann H, Brozek J, Guyatt G, Oxman A, editors. GRADE handbook
for grading quality of evidence and strength of recommendations.
Updated October 2013. The GRADE Working Group, 2013. Available from
guidelinedevelopment.org/handbook.

Rankin A, Cadogan CA, In Ryan C, Clyne B, Smith SM, Hughes CM.

Core Outcome Set for Trials Aimed at Improving the Appropriateness

of Polypharmacy in Older People in Primary Care. J Am Geriatr Soc.
2018,66(6):1206-12.

Britton ML, Lurvey PL. Impact of medication profile review on prescribing
in a general medicine clinic. Am J Hosp Pharm. 1991;48(2):265-70.
Carter BL, Malone DG, Billups SJ, Valuck RJ, Barnette DJ, Sintek CD, et al.
Interpreting the findings of the IMPROVE study. Am J Health Syst Pharm.
2001;58(14):1330-7.

Hanlon JT, Weinberger M, Samsa GP, Schmader KE, Uttech KM, Lewis IK,
et al. A randomized, controlled trial of a clinical pharmacist intervention
to improve inappropriate prescribing in elderly outpatients with polyp-
harmacy. Am J Med. 1996;100(4):428-37.

Jameson JP, VanNoord GR. Pharmacotherapy consultation on polyphar-
macy patients in ambulatory care. Ann Pharmacother. 2001;35(7):835-40.
Sellors J, Kaczorowski J, Sellors C, Dolovich L, Woodward C, Willan A, et al.
A randomized controlled trial of a pharmacist consultation program for
family physicians and their elderly patients. CMAJ : Canadian Medical
Association journal. 2003;169(1):17-22.

Taylor CT, Byrd DC, Krueger K. Improving primary care in rural Alabama
with a pharmacy initiative. Am J Health Syst Pharm. 2003;60(11):1123-9.
Zillich AJ, Snyder ME, Frail CK, Lewis JL, Deshotels D, Dunham P, et al. A
randomized, controlled pragmatic trial of telephonic medication therapy
management to reduce hospitalization in home health patients. Health
Serv Res. 2014;49(5):1537-54.

Granas AG, Bates |. The effect of pharmaceutical review of repeat pre-
scriptions in general practice. Int J Pharm Pract. 1999;7(4):264-75.

Krska J, Cromarty JA, Arris F, Jamieson D, Hansford D, Duffus PRS, et al.
Pharmacist-led medication review in patients over 65: A randomized,
controlled trial in primary care. Age Ageing. 2001,;30(3):205-11.
Lenaghan E, Holland R, Brooks A. Home-based medication review in a
high risk elderly population in primary care - The POLYMED randomised
controlled trial. Age Ageing. 2007;36(3):292-7.

Campins L, Serra-Prat M, Gézalo |, Lépez D, Palomera E, Agusti C, et al.
Randomized controlled trial of an intervention to improve drug appropri-
ateness in communitydwelling polymedicated elderly people. Fam Pract.
2017,34(1):36-42.

Geurts MM, Stewart RE, Brouwers JR, de Graeff PA, de Gier JJ. Implica-
tions of a clinical medication review and a pharmaceutical care plan of
polypharmacy patients with a cardiovascular disorder. Int J Clin Pharm.
2016;38(4):808-15.

Kwint HF, Faber A, Gussekloo J, Bouvy ML. Medication review in patients
using automated drug dispensing systems reduces drug related prob-
lems. Int J Clin Pharm. 2011;33(2):412.

Van der Meer HG, Wouters H, Pont LG, Taxis K. Reducing the anticholin-
ergic and sedative load in older patients on polypharmacy by pharma-
cist-led medication review: a randomised controlled trial. BMJ Open.
2018;8(7):e019042.

46.

47.

48.

49.

50.

51

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

Page 29 of 30

Verdoorn S, Kwint HF, Blom JW, Gussekloo J, Bouvy ML. Effects of a clinical
medication review focused on personal goals, quality of life, and health
problems in older persons with polypharmacy: a randomised controlled
trial (DREAMeR-study). Plos medicine. 2019;16(5):e1002798.

Vinks TH, Egberts TC, de Lange TM, de Koning FH. Pharmacist-based
medication review reduces potential drug-related problems in the
elderly: the SMOG controlled trial. Drugs Aging. 2009;26(2):123-33.
Bernsten C, Bjorkman |, Caramona M, Crealey G, Frgkjaer B, Grundberger
E, et al. Improving the well-being of elderly patients via community
pharmacy-based provision of pharmaceutical care: a multicentre study in
seven European countries. Drugs Aging. 2001;18(1):63-77.

Varas-Doval R, Gastelurrutia MA, Benrimoj S, Garcia-Cardenas V, Saez-
Benito L, Martinez-Martinez F. Clinical impact of a pharmacist-led medica-
tion review with follow up for aged polypharmacy patients: A cluster
randomized controlled trial. Pharm Pract (Granada). 2020;18(4):2133.
Leendertse AJ, de Koning GH, Goudswaard AN, Belitser SV, Verhoef M, de
Gier HJ, et al. Preventing hospital admissions by reviewing medication
(PHARM) in primary care: an open controlled study in an elderly popula-
tion. J Clin Pharm Ther. 2013;38(5):379-87.

Sloeserwij VM, Hazen ACM, Zwart DLM, Leendertse AJ, Poldervaart JM, de
Bont AA, de Gier JJ, Bouvy ML, de Wit NJ. Effects of non-dispensing phar-
macists integrated in general practice on medication-related hospitalisa-
tions. Br J Clin Pharmacol. 2019;85(10):2321-31.

Bryant LJ, Coster G, Gamble GD, McCormick RN. The General Practitioner-
Pharmacist Collaboration (GPPC) study: a randomised controlled trial of
clinical medication reviews in community pharmacy. Int J Pharm Pract.
2011;19(2):94-105.

Graffen M, Kennedy D, Simpson M. Quality use of medicines in the rural
ambulant elderly: a pilot study. Rural Remote Health. 2004;4(3):184.
Sorensen L, Stokes JA, Purdie DM, Woodward M, Elliott R, Roberts MS.
Medication reviews in the community: results of a randomized, con-
trolled effectiveness trial. Br J Clin Pharmacol. 2004;58(6):648-64.
Jodar-Sanchez F, Malet-Larrea A, Martin JJ, Garcia-Mochon L, Lopez Del
Amo MP, Martinez-Martinez F, et al. Cost-utility analysis of a medication
review with follow-up service for older adults with polypharmacy in com-
munity pharmacies in Spain: the conSIGUE program. Pharmacoeconom-
ics. 2015;33(6):599-610.

Cowper PA, Weinberger M, Hanlon JT, Landsman PB, Samsa GP, Uttech
KM, et al. The cost-effectiveness of a clinical pharmacist intervention
among elderly outpatients. Pharmacotherapy. 1998;18(2):327-32.
Malone DC, Carter BL, Billups SJ, Valuck RJ, Barnette DJ, Sintek CD, et al.
An economic analysis of a randomized, controlled, multicenter study

of clinical pharmacist interventions for high-risk veterans: the IMPROVE
study. Pharmacotherapy. 2000;20(10):1149-58 An economic analysis of a
randomized, controlled, multicenter study of clinical pharmacist interven-
tions for high-risk veterans: the IMPROVE study.

Campins L, Serra-Prat M, Palomera E, Bolibar I, Martinez MA, Gallo P
Reduction of pharmaceutical expenditure by a drug appropriateness
intervention in polymedicated elderly subjects in Catalonia (Spain). Gac
Sanit. 2019;33(2):106-11.

Noain A, Garcia-Cardenas V, Gastelurrutia MA, Malet-Larrea A, Martinez-
Martinez F, Sabater-Hernandez D, et al. Cost analysis for the implementa-
tion of a medication review with follow-up service in Spain. Int J Clin
Pharm. 2017;39(4):750-8.

Cipolle RISL, Morley PC. Pharmaceutical care practice. United States of
America: The McGraw-Hill Companies Inc; 1998.

Dolovich L, Pottie K, Kaczorowski J, Farrell B, Austin Z, Rodriguez C, et al.
Integrating family medicine and pharmacy to advance primary care
therapeutics. Clin Pharmacol Ther. 2008;83(6):913-7.

Zermansky AG, Petty DR, Raynor DK, Freemantle N, Vail A, Lowe CJ.
Randomised controlled trial of clinical medication review by a pharmacist
of elderly patients receiving repeat prescriptions in general practice. BMJ
(Clinical research ed). 2001;323(7325):1340-3.

Tan EC, Stewart K, Elliott RA, George J. Pharmacist consultations in gen-
eral practice clinics: the Pharmacists in Practice Study (PIPS). Research in
social & administrative pharmacy : RSAP. 2014;10(4):623-32.

Stuhec M, Gorenc K, Zelko E. Evaluation of a collaborative care approach
between general practitioners and clinical pharmacists in primary care
community settings in elderly patients on polypharmacy in Slovenia: a
cohort retrospective study reveals positive evidence for implementation.
BMC Health Serv Res. 2019;19(1):118.


https://epoc.cochrane.org/epoc-resources-review-authors
https://epoc.cochrane.org/epoc-resources-review-authors
https://guidelinedevelopment.org/handbook

Croke et al. BMC Primary Care

65.

66.

67.

68.

69.

70.

71

72.

73.

74.

75.

(2023) 24:41

Gnjidic D, Le Couteur DG, Kouladjian L, Hilmer SN. Deprescribing trials:
methods to reduce polypharmacy and the impact on prescribing and
clinical outcomes. Clin Geriatr Med. 2012;28(2):237-53.

McCarthy C, Flood M, Clyne B, Smith SM, Wallace E, Boland F, Moriarty F.
Medication changes and potentially inappropriate prescribing in older
patients with significant polypharmacy. Int J Clin Pharm. 2022. https://
doi.org/10.1007/511096-022-01497-2. Epub ahead of print.

Riordan DO, Walsh KA, Galvin R, Sinnott C, Kearney PM, Byrne S.The
effect of pharmacist-led interventions in optimising prescribing in

older adults in primary care: A systematic review. SAGE Open Med.
2016;4:2050312116652568.

Nguyen TA, Gilmartin-Thomas J, Tan ECK, Kalisch-Ellett L, Eshetie T, Gil-
lam M, et al. The Impact of Pharmacist Interventions on Quality Use of
Medicines, Quality of Life, and Health Outcomes in People with Dementia
and/or Cognitive Impairment: A Systematic Review. J Alzheimers Dis.
2019;71(1):83-96.

Ahmed A, Saglain M, Tanveer M, Blebil AQ, Dujaili JA, Hasan SS.The
impact of clinical pharmacist services on patient health outcomes in
Pakistan: a systematic review. BMC Health Serv Res. 2021;21(1):859.
Lapane KL, Hughes CM, Daiello LA, Cameron KA, Feinberg J. Effect of a
pharmacist-led multicomponent intervention focusing on the medica-
tion monitoring phase to prevent potential adverse drug events in nurs-
ing homes. J Am Geriatr Soc. 2011;59(7):1238-45.

Charrois TL, Zolezzi M, Koshman SL, Pearson G, Makowsky M, DurecT,

et al. A systematic review of the evidence for pharmacist care of patients
with dyslipidemia. Pharmacotherapy. 2012;32(3):222-33.

Reeves L, Robinson K, McClelland T, Adedoyin CA, Broeseker A, Adunlin G.
Pharmacist Interventions in the Management of Blood Pressure Control
and Adherence to Antihypertensive Medications: A Systematic Review of
Randomized Controlled Trials. J Pharm Pract. 2021;34(3):480-92.
Dawoud DM, Haines A, Wonderling D, Ashe J, Hill J, Varia M, et al. Cost
Effectiveness of Advanced Pharmacy Services Provided in the Commu-
nity and Primary Care Settings: A Systematic Review. Pharmacoeconom-
ics. 2019;37(10):1241-60.

Gorry C, McCullagh L, Barry M. Transferability of Economic Evalua-

tions of Treatments for Advanced Melanoma. Pharmacoeconomics.
2020;38(2):217-31.

Croke A, Moriarty F, Boland F, McCullagh L, Cardwell K, Smith SM, et al.
Integrating clinical pharmacists within general practice: protocol for a
pilot cluster randomised controlled trial. BMJ Open. 2021;11(3): e041541.

Publisher’s Note

Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

Page 30 of 30

Ready to submit your research? Choose BMC and benefit from:

fast, convenient online submission

thorough peer review by experienced researchers in your field

rapid publication on acceptance

support for research data, including large and complex data types

gold Open Access which fosters wider collaboration and increased citations

maximum visibility for your research: over 100M website views per year

K BMC

At BMC, research is always in progress.

Learn more biomedcentral.com/submissions



https://doi.org/10.1007/s11096-022-01497-2
https://doi.org/10.1007/s11096-022-01497-2

	The effectiveness and cost of integrating pharmacists within general practice to optimize prescribing and health outcomes in primary care patients with polypharmacy: a systematic review
	Abstract 
	Background 
	Methods 
	Results 
	Conclusions 
	Trial registration 

	Background
	Methods
	Data sources and search strategy
	Eligibility criteria
	Participants
	Intervention
	Control
	Study design
	Outcomes

	Study selection and data extraction
	Data synthesis
	Risk of bias
	Assessing quality of included studies

	Results
	Search results
	Characteristics of included studies
	Included studies, participants and outcomes reported
	Interventions and comparators

	Characteristics of included health-economic studies
	Domains of integration in included effectiveness studies
	Risk-of-Bias Summary
	Certainty of the evidence
	Primary Outcomes
	Potentially inappropriate prescribing
	Number of medications

	Secondary outcomes
	HRQoL
	ADEs
	Health service utilization & mortality
	Clinical physical outcomes

	Results of economic studies
	Sub-group analysis of primary outcomes

	Discussion
	Strengths and limitations
	Implications for practice and future research

	Conclusions
	Acknowledgements
	References


